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Abstract. We extend Ahlbrandt and Ziegler's reconstruction results ([AZ86]) to the metric setting:
we show that separably categorical structures are determined, up to bi-interpretability, by their auto-
morphism groups.

Introduction

Categoricity o�ers an ideal setting for reconstruction: a lot of information on a categorical structure
can be recovered from the action of its automorphism group. Indeed, the Ryll-Nardzewski theorem
asserts that a classical countable structure is ℵ0-categorical if and only if its automorphism group acts
oligomorphically on it. From this, de�nability in countably categorical structures translates as invariance
under the action of the automorphism group.

An analogous phenomenon occurs in the continuous setting: a metric structure is separably cate-
gorical if and only if the action of its automorphism group is approximately oligomorphic ([BBHU08,
Theorem 12.10]). This continuous Ryll-Nardzewski theorem again implies that de�nability boils down
to invariance by automorphisms (see section 1).

In this paper, we focus on a reconstruction result due to Ahlbrandt and Ziegler ([AZ86]) which states
that countably categorical structures are determined, up to bi-interpretability, by their automorphism
groups (regarded as topological groups). We extend Ahlbrandt and Ziegler's result to the continuous
setting. More precisely, we introduce the notion of an interpretation between metric structures and prove
that two separably categorical structures are bi-interpretable if and only if their automorphism groups
are topologically isomorphic.

This guarantees that every model-theoretic property of separably categorical structures will translate
into a topological property of their automorphism groups. Tsankov and the �rst author ([BT]), and then
Ibarlucía ([Iba]), are precisely studying model-theoretic properties directly on groups.

Although our result encompasses its classical counterpart, the proof we give is fundamentally metric
and is quite di�erent from the original one. Indeed, we apply a construction of Melleray ([Mel10,
Theorem 6]) that provides a canonical way to make a metric structure out of any Polish group (we
will call this the hat structure associated to the group; see subsection 3.3 for a de�nition). The heart
of the reconstruction consists in showing that every separably categorical metric structure is in fact
bi-interpretable with the hat structure of its automorphism group.

Throughout the paper, all languages are assumed to be countable, in order for the Ryll-Nardzewski
theorem to apply.

1. Definability

In this section, we prove the aforementioned fact that in separably categorical structures, de�nability
amounts to invariance under the action of the automorphism group. First, we introduce the following
item of notation.

Notation 1.1. If ρ is a bounded pseudometric on a structure M , then (M,ρ) will denote the quotient
metric space induced by ρ. For such a ρ, let ρω be the pseudometric on Mω de�ned by

ρω(a, a′) =
∑
n<ω

1

2n
ρ(an, a

′
n).

When ρ is a metric, so is ρω, which then induces the product topology on Mω.

We will denote by (̂M,ρ) its metric completion. Note that this is not the hat structure mentioned in
the introduction.
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Proposition 1.2. Let M be a separably categorical metric structure and G its automorphism group. Let
P : Mn → [0, 1] a continuous predicate on M . Then P is de�nable in M if and only if P is G-invariant.

Proof. ⇒] If P is de�nable, there is a sequence (ϕk)k>1 of formulas which converges uniformly to P .
Now G preserves (interpretations of) formulas so P is also G-invariant.
⇐] Suppose that P isG-invariant. If a and b have the same type inMn, then, sinceM is approximately

homogeneous ([BBHU08, Corollary 12.11]) and P is continuous, the G-invariance of P gives that P (a) =
P (b).

Thus, P induces a metrically continuous map Φ : Sn(T )→ [0, 1] on types, de�ned by Φ(p) = P (a) for
a ∈Mn of type p. Since every type is realized inM (by the Ryll-Nardzewski theorem [BU07, Fact 1.14]),
the map Φ is well-de�ned.

Now, by the Ryll-Nardzewski theorem again, the logic topology and the d-metric topology on Sn(T )
coincide. This implies that Φ is continuous for the logic topology as well. Thus, by Theorem 9.9 of
[BBHU08], the predicate P is de�nable. �

Remark 1.3. The same holds for predicates in an in�nite number of variables. In fact, if Mω is endowed
with dω, then the Ryll-Nardzewski theorem can be reformulated as follows: a metric structure M is
separably categorical if and only if the space (Sω(M), dω) of types in in�nitely many variables is compact.
Thus, the proof above readily adapts to an in�nite number of variables.

2. Reconstruction up to interdefinability

We begin by reconstructing separably categorical structures up to interde�nability, mirroring
Ahlbrandt and Ziegler's theorem 1.1 (in [AZ86]). The proof is exactly the same as in the discrete
setting.

De�nition 2.1. Let M and N be two structures on the same universe. We say that M and N are
interde�nable if they have the same de�nable relations.

Proposition 2.2. Let M and N be two separably categorical metric structures on the same universe, in
languages LM and LN respectively. Then M and N are interde�nable if and only if their automorphism
groups are equal.

Proof. ⇒] Assume that M and N are interde�nable and let R be a relation in LN . Since it is de�nable
in N , it is de�nable in M as well, so Proposition 1.2 implies that it is Aut(M)-invariant. Thus Aut(M)
preserves every relation in LN so Aut(M) ⊆ Aut(N). Similarly, we obtain that Aut(N) ⊆ Aut(M).
⇐] Conversely, assume that Aut(M) = Aut(N) and let R be de�nable inM . Then, by Proposition 1.2,

it is Aut(M)-invariant hence Aut(N)-invariant by assumption. Thus, R is de�nable in N and the two
structures have the same de�nable relations. �

3. Reconstruction up to bi-interpretability

3.1. Interpretations. In the classical setting, an interpretation of a structure M in an other structure
N is an embedding of M into a de�nable quotient of a �nite power of N , that is, into the imaginaries of
N . As Usvyatsov and the �rst author pointed out in [BU10], the right de�nition of imaginaries in metric
structures should allow classes of in�nite tuples and this is also true for interpretations.

De�nition 3.1. Let M and N be two metric structures in languages LM and LN respectively. An
interpretation of M in N consists of the following data:

• a de�nable pseudometric ρ on Nω and

• an isometric map ϕ : (M,dM )→ ̂(Nω, ρ)

such that

• the predicate P : Nω → [0, 1] de�ned by P (x) = ρ(x, ϕ(M)) is de�nable in N and
• for every formula F in LM , the formula PF : ϕ(M)r → [0, 1] de�ned by PF (x) = F (ϕ−1(x)) is
de�nable in N .

To verify the last condition, it su�ces to check it on relation symbols in LM and on predicates of the
form (x, y) 7→ d(x, f(y)), where f is a function symbol in LM .

Remark 3.2. IfM and N are classical structures, they can be made into discrete metric structures. Then
every interpretation of M in N (in the metric sense, as de�ned above) induces a classical interpretation
of M in N . To see this, given a metric interpretation ϕ of M in N , use the continuity of the associated
pseudometric to choose a big enough n such that the elements in the image ϕ(M) (which is discrete) are
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determined by their restriction to the �rst n coordinates. Then the equivalence relation on Nn induced
by restriction of ρ is well-de�ned and de�nable, and it yields an interpretation of M in N .

If M , N and K are metric structures, ϕ : (M,dM ) → ̂(Nω, ρN ) is an interpretation of M in N and

ψ : (N, dN )→ ̂(Kω, ρK) is an interpretation of N in K, then we can compose the interpretations ψ
and ϕ as follows.

Taking the product of ψ, we get an isometric map ψω : (Nω, dωN ) → ̂(Kω×ω, ρωK) = ̂(Kω, ρωK). Now,

since ψ(N) is de�nable in ̂(Kω, ρK), the image ψω(Nω) is de�nable in ̂(Kω, ρωK) too. Besides, ρN is a
de�nable pseudometric, so its pushforward by ψω also is. Then, by [Ben10, Proposition 3.6], it extends

to a de�nable pseudometric ρ on ̂(Kω, ρωK). Thus, the isometric map ψω ◦ ϕ : (M,dM ) → ̂(Kω, ρ) is an
interpretation of M in K.

Remark 3.3. If N is separably categorical and ρ is a de�nable pseudometric on Nω, then the structure
̂(Nω, ρ) is separably categorical too (and thus de�nability corresponds to invariance by the automorphism
group). Indeed, the automorphism group of N acts approximately oligomorphically on Nω and thus on
̂(Nω, ρ) too. This implies that the whole automorphism group of ̂(Nω, ρ) is approximately oligomorphic

so, by the Ryll-Nardzewski theorem, that ̂(Nω, ρ) is separably categorical.
In particular, any structure that is interpretable in a separably categorical one is itself separably cate-

gorical. That is the reason why it is necessary to impose an oligomorphicity restriction in Theorem 3.10
and Theorem 3.12.

De�nition 3.4. Let M and N be two metric structures. We say that M and N are bi-interpretable
if there exist interpretations ϕ of M in N and ψ of N in M such that ψ ◦ ϕ and ϕ ◦ ψ are de�nable.

In the rest of this section, we argue that interpretations between separably categorical structures
correspond to continuous homomorphisms between their automorphism groups.

3.2. From interpretations to group homomorphisms. The �rst side of this correspondence is not
too surprising, for it amounts to saying one can get information on the automorphism group from the
structure. The process is however nicely functorial.

Proposition 3.5. Let M and N be two metric structures and ϕ an interpretation of M in N . Then ϕ
induces a homomorphism of topological groups Aut(ϕ) from Aut(N) to Aut(M).

Proof. Let g be an automorphism of N . Then g leaves ϕ(M) and the predicates PR invariant so it
induces an automorphism of (ϕ(M), (PR)) and thus of M . More formally, if a is an element of M , we
put Aut(ϕ)(g)(a) = ϕ−1(g(ϕ(a))). Then Aut(ϕ) is the conjugation by ϕ so it is a group homomorphism.

And since ϕ and ϕ−1 are continuous, it is easy to see that Aut(ϕ) is continuous. �

The map ϕ 7→ Aut(ϕ) is functorial: it respects composition.

Lemma 3.6. Let M , N and K be metric structures, ϕ an interpretation of M in N and ψ an interpre-
tation of N in K. Then Aut(ψ ◦ ϕ) = Aut(ψ) ◦Aut(ϕ).

Lemma 3.7. Let M be a separably categorical metric structure and ϕ an interpretation of M in itself.
Then ϕ is de�nable in M if and only if Aut(ϕ) = idAut(M).

Proof. ⇒] If ϕ is de�nable, then ϕ is Aut(M)-invariant. Then, if g ∈ Aut(M) and a ∈ M , we have
Aut(ϕ)(g)(a) = ϕ−1(g(ϕ(a))) = ϕ−1(ϕ(g(a))) = g(a) and thus Aut(ϕ) is the identity.
⇐] If Aut(ϕ) is the identity, the same computation shows that ϕ is Aut(M)-invariant. Since ϕ is

continuous (it is isometric), this implies that ϕ is de�nable (by Proposition 1.2). �

This lemma will yield the �rst direction of Theorem 3.13.

3.3. A special structure: a group with a hat. We now proceed to the second part of the correspon-
dence: the actual reconstruction. To this aim, we come down to a canonical structure built from the
automorphism group and with which the structure is bi-interpretable.The following construction is due
to Melleray ([Mel10, Theorem 6]).

Let M be a metric structure and G be its automorphism group. Whenever we endow G with a

compatible left-invariant metric dL, we can consider the structure Ĝ whose universe is the left completion

ĜL of (G, dL) and whose relations are all those maps of the form RC(x) = d(x,C), for some orbit closure

C of (ĜL)n under the diagonal action of G. Then the automorphism group of Ĝ is G.
Now �x a dense sequence ξ ∈Mω. Then, the metric on G given by dξ(g, h) = d(gξ, hξ) is a compatible

left-invariant metric.
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Proposition 3.8. The structure Ĝ (obtained from this particular metric dξ) is interpretable in M .

Proof. Consider the map ψ : g 7→ gξ from (G, dξ) to G · ξ ⊆Mω. It is isometric so it extends to the left

completion of G. Then ψ is an interpretation of Ĝ in M .

Indeed, the predicate P : x 7→ d(x, ψ(Ĝ)) = d(x,G · ξ) on Mω is G-invariant so it is de�nable in M

by Proposition 1.2. Moreover, if C is an orbit closure and R = RC is the associated predicate in Ĝ, we
have

PR(gx) = R(ψ−1(gx))

= R(gψ−1(x))

= R(ψ−1(x)) because R is invariant by the automorphism group

= PR(x),

so PR is de�nable, which completes the proof. �

Remark 3.9. In fact, since the image of ψ is dense, G · ξ is exactly the left completion of G and from

now on, we identify Ĝ with G · ξ.

The above proposition, along with Remark 3.3, implies that ifM is separably categorical, then so is Ĝ.
And in that case, if dL is any other compatible left-invariant metric, then the associated hat structure is

bi-interpretable with Ĝ: the two metrics generate the same topology so they are continuous with respect
to each other, and their left-invariance implies, by Proposition 1.2, that they are de�nable from each
other. All the hat structures obtained from G are bi-interpretable and we will therefore identify them.

Moreover, if M is separably categorical, then the structure M is also interpretable in Ĝ. In fact, we
have the following more general result which will be the key ingredient in the proof of Theorem 3.12.

Theorem 3.10. Let N be a metric structure and let H be a subgroup of Aut(N) which acts approximately

oligomorphically on N . Then N is interpretable in Ĥ.

Proof. Let ζ be a dense sequence in N . Then Ĥ = H · ζ. Now the assumption ensures that the space
N �H of orbit closures of N by H is compact.

The intuition for the proof is to say that N is not far from being the product Ĥ×N �H and moreover
that compact spaces should be interpreted in every structure. As a matter of fact, we will build a

particular system of representatives of N �H that Ĥ will interpret.
We begin by building a tree T representing this compact quotient N � H. For this, we will choose

representatives, within ζ, of a dense sequence of orbit closures that witnesses the compactness of this
quotient, and T will be the tree of their indices in ζ. More precisely, we build the tree by induction:
�rst, there exist ζn1

, ..., ζnk
in ζ such that the balls of radius 1

2 centered in the closures of the orbits of
ζn1

, ..., ζnk
cover all of the quotient. The indices of those elements constitute the �rst level of our tree.

For the next step, we cover each of the balls B(ζni
, 12 ) in N with a �nite number of balls of radius 1

4
centered in elements of ζ so that the second level of our tree consists of the indices of those centers, and
so on.

The construction ensures that for every in�nite branch of T , the sequence (ζσ(i)) converges in N .
Moreover, every orbit closure corresponds to an in�nite branch of T (maybe even several): for every a
in N , there exists an in�nite branch σ of T such that the limit of the sequence (ζσ(i)) is in the closure of
the orbit of a. Let [T ] be the set of in�nite branches of T .

We now embed N isometrically into (the completion of) a quotient of H · ζ × [T ], which we identify

with Ĥ × [T ]. This will give the base map for our interpretation.
Endow the set H · ζ × [T ] with the following pseudometric

ρ((x, σ), (y, τ)) = lim
i→∞

d(xσ(i), yτ(i)).

Since for every branch σ in [T ], the sequence (ζσ(i)) converges, this is also true of every (xσ(i)) with x in

H · ζ, so ρ is well-de�ned.
We now de�ne a map ϕ : (H · ζ× [T ], ρ)→ N by ϕ(x, σ) = lim

i→∞
xσ(i). By de�nition of ρ, the map ϕ is

isometric. In addition, the image of ϕ is dense in N . Indeed, let a be an element of N and ε > 0. There
exists a branch σ in [T ] such that (ζσ(i)) converges to some a′ in N which is in the same H-orbit closure
as a, that is, there exists h ∈ H such that d(h(a′), a) < ε, so d(ϕ(hζ, σ), a) < ε, hence the density.

Thus, the isometric map ϕ can be extended to an isometry from the completion of (H · ζ× [T ], ρ) onto

N . Then its inverse, call it ϕ̃, is the desired isometric map between N and the completion of (Ĥ× [T ], ρ).
This was the �rst step in our intuition.
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In order to see ϕ̃ as an interpretation of N in Ĥ, it remains to interpret [T ] in Ĥ, in other words, to

code the branches of T in a power of Ĥ (that is H · ζ via the identi�cation of the previous remark). The

map ϕ̃ will then induce a map N → Ĥ × Ĥω, which will be the desired interpretation.
A branch can be coded by a sequence of zeroes and ones1. Then we code2 each bit by a pair of elements

of H · ζ. Consider the pseudometric on H · ζ ×H · ζ de�ned by

δ((x, x′), (y, y′)) = |d(x0, x
′
0)− d(y0, y

′
0)|,

which compares the di�erences between the �rst coordinates of the two sequences of the pair. This is
a de�nable pseudometric and we code the bit 0 by the δ-class of (ζ, ζ) and the bit 1 by the δ-class of
(ζ, h0ζ) where h0 is some element of H that does not �x ζ0. Note that the code is invariant under the
action of H.

Finally, we identify branches of T with their codes in (Ĥ2, δ)ω and we transfer the pseudometric ρ on

Ĥ × [T ] to a de�nable pseudometric ρ̃ on Ĥ × (Ĥ2, δ)ω. Note that the elements of (Ĥ2, δ)ω that code a

branch of [T ] may not cover the whole of (Ĥ2, δ)ω, but [Ben10]'s proposition 3.6 allows us to extend ρ̃

to (Ĥ2, δ)ω all the same.

So we can now rewrite the map ϕ̃ as a map from N to the completion of (Ĥ × (Ĥ2, δ)ω, ρ̃). The

oligomorphicity of the action of H on N implies that the structure Ĥ = H · ζ, whose automorphism
group is H, is separably categorical. Since ρ̃ is invariant under the action of H, Proposition 1.2 then

yields that the pseudometric ρ̃ is de�nable in Ĥ. Therefore, this new map ϕ̃ is an interpretation of N in

Ĥ. �

Corollary 3.11. If M is separably categorical, then the structures M and Ĝ are bi-interpretable.

Proof. The proposition implies in particular that M is interpretable in Ĝ. Thus, it su�ces to show
that the compositions of the interpretations constructed in the previous propositions are de�nable. Both
interpretations respected the actions of the automorphism groups so Proposition 1.2 and Remark 3.3
allow us to conclude. �

3.4. Reconstruction. We are now ready to complete the reconstruction.

Theorem 3.12. LetM and N be two metric structures, withM separably categorical. Let f : Aut(M)→
Aut(N) be a continuous group homomorphism whose image acts approximately oligomorphically on N .
Then N is interpretable in M .

Proof. Set G = Aut(M) and H = f(G). Since H acts approximately oligomorphically on N , Theo-

rem 3.10 implies that N is interpretable in Ĥ. And by Proposition 3.8, the structure Ĝ is interpretable

in M . It then su�ces to show that Ĥ is interpretable in Ĝ.
Now H is the quotient of G by the closed normal subgroup Ker(f). If dL is a left-invariant metric on

G, then we can endow G with the following left-invariant pseudometric

d′L(g1, g2) = inf{dL(g1k1, g2k2) : k1, k2 ∈ Ker(f)}.
Since Ker(f) is normal, this indeed de�nes a pseudometric, which induces a compatible metric on H.

Then ̂(H, d′L), which we identify with Ĥ (see subsection 3.3), is the quotient3 of Ĝ by the de�nable

pseudometric d′L and is thus interpretable in Ĝ. �

Theorem 3.13. Let M and N be separably categorical metric structures. Then M and N are bi-
interpretable if and only if their automorphism groups are isomorphic as topological groups.

Proof. ⇒] Assume that ϕ and ψ are interpretations that witness the bi-interpretability of M and N .
Then Lemma 3.7 implies that Aut(ϕ ◦ ψ) = idAut(N) and Aut(ψ ◦ ϕ) = idAut(M). But Aut(ϕ ◦ ψ) =

Aut(ϕ) ◦ Aut(ψ) so Aut(ϕ) = Aut(ψ)−1 and Aut(ψ) is an isomorphism of topological groups between
Aut(M) and Aut(N). Note that for this direction, we do not need the categoricity of the structures.

⇐] By Corollary 3.11, M is bi-interpretable with Âut(M) and N with Âut(N). Now if the two groups
are isomorphic as topological groups, then their associated hat structures are bi-interpretable (by the
discussion following Remark 3.9). �

1There are many ways of doing so; we pick one. For instance, we may say that given a branch of T , we follow the levels
of T one by one, and we put a 1 in our sequence when we hit an element of our branch and a 0 otherwise.

2There are also many ways of coding zeroes and ones in a power of H · ζ. Here we go for a method which compares two
sequences of a pair in a very simple way.

3Here, we do not even need to go to a power of Ĝ to interpret Ĥ.
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Example 3.14. In [Ben13], it is shown, by an explicit computation, that the probability algebra M of
the unit interval is bi-interpretable with the space N = L1([0, 1], [0, 1]) of [0, 1]-valued random variables,
identi�ed up to equality almost everywhere. Our reconstruction theorem allows us to recover this re-
sult in a more elegant way. Indeed, the probability algebra of [0, 1] is separably categorical, thus its
automorphism group G = Aut(µ) is Roelcke-precompact ([Ros09, Theorem 5.2]).

Moreover, G is also the automorphism group of N . The space of orbit closures of N under the action
of G can be identi�ed with the space of probability measures on [0, 1]. Indeed, given a measurable map
in N , multiply it by G to make it non-decreasing. The resulting map is then the characteristic function
of some probability measure on I.

Thus, the space of orbit closures of N is compact. This su�ces, by [BT, theorem 2.4], to get that the
action of G on N is approximately oligomorphic, hence that the structure N is also separably categorical.
Theorem 3.13 then applies, proving that M and N are bi-interpretable.

Acknowledgements. We wish to thank Tomás Ibarlucía for his careful proofreading and the ensuing
conversations. Part of this work was carried out during the Universality and homogeneity trimester
program at the Hausdor� Institute for Mathematics in Bonn; we are thankful for the extended hospitality
and excellent working conditions.

References

[AZ86] Gisela Ahlbrandt and Martin Ziegler, Quasi-�nitely axiomatizable totally categorical theories, Annals of
Pure and Applied Logic 30 (1986), no. 1, 63�82, Stability in model theory (Trento, 1984), doi:10.1016/0168-
0072(86)90037-0. 1, 2

[BBHU08] Itaï Ben Yaacov, Alexander Berenstein, C. Ward Henson, and Alexander Usvyatsov, Model theory for

metric structures, Model theory with applications to algebra and analysis. Vol. 2, London Math. Soc. Lecture
Note Ser., vol. 350, Cambridge Univ. Press, Cambridge, 2008, pp. 315�427, doi:10.1017/CBO9780511735219.011.
1, 2

[Ben10] Itaï Ben Yaacov, De�nability of groups in ℵ0-stable metric structures, Journal of Symbolic Logic 75 (2010),
no. 3, 817�840, doi:10.2178/jsl/1278682202, arXiv:0802.4286. 3, 5

[Ben13] , On theories of random variables, Israel Journal of Mathematics 194 (2013), no. 2, 957�1012,
doi:10.1007/s11856-012-0155-4, arXiv:0901.1584. 6

[BT] Itaï Ben Yaacov and Todor Tsankov, Weakly almost periodic functions, model-theoretic stability, and mini-

mality of topological groups, preprint, arXiv:1312.7757. 1, 6
[BU07] Itaï Ben Yaacov and Alexander Usvyatsov, On d-�niteness in continuous structures, Fundamenta Mathe-

maticae 194 (2007), 67�88, doi:10.4064/fm194-1-4. 2
[BU10] , Continuous �rst order logic and local stability, Transactions of the American Mathematical Society

362 (2010), no. 10, 5213�5259, doi:10.1090/S0002-9947-10-04837-3, arXiv:0801.4303. 2
[Iba] Tomás Ibarlucía, The dynamical hierarchy for Roelcke precompact Polish groups, research notes. 1
[Mel10] Julien Melleray, A note on Hjorth's oscillation theorem, Journal of Symbolic Logic 75 (2010), no. 4, 1359�

1365, doi:10.2178/jsl/1286198151. 1, 3
[Ros09] Christian Rosendal, A topological version of the Bergman property, Forum Mathematicum 21 (2009), no. 2,

299�332, doi:10.1515/FORUM.2009.014. 6

Itaï Ben Yaacov, Université Claude Bernard � Lyon 1, Institut Camille Jordan, CNRS UMR 5208, 43

boulevard du 11 novembre 1918, 69622 Villeurbanne Cedex, France

URL: http://math.univ-lyon1.fr/~begnac/

Adriane Kaïchouh, Université Claude Bernard � Lyon 1, Institut Camille Jordan, CNRS UMR 5208, 43

boulevard du 11 novembre 1918, 69622 Villeurbanne Cedex, France

URL: http://math.univ-lyon1.fr/~kaichouh/

http://dx.doi.org/10.1016/0168-0072(86)90037-0
http://dx.doi.org/10.1016/0168-0072(86)90037-0
http://math.univ-lyon1.fr/~begnac/articles/mtfms.pdf
http://math.univ-lyon1.fr/~begnac/articles/mtfms.pdf
http://dx.doi.org/10.1017/CBO9780511735219.011
http://math.univ-lyon1.fr/~begnac/articles/DefOSGrp.pdf
http://dx.doi.org/10.2178/jsl/1278682202
http://arxiv.org/abs/0802.4286
http://math.univ-lyon1.fr/~begnac/articles/RandVar.pdf
http://dx.doi.org/10.1007/s11856-012-0155-4
http://arxiv.org/abs/0901.1584
http://math.univ-lyon1.fr/~begnac/articles/wap-stability.pdf
http://math.univ-lyon1.fr/~begnac/articles/wap-stability.pdf
http://arxiv.org/abs/1312.7757
http://math.univ-lyon1.fr/~begnac/articles/dfin.pdf
http://dx.doi.org/10.4064/fm194-1-4
http://math.univ-lyon1.fr/~begnac/articles/cfo.pdf
http://dx.doi.org/10.1090/S0002-9947-10-04837-3
http://arxiv.org/abs/0801.4303
http://dx.doi.org/10.2178/jsl/1286198151
http://dx.doi.org/10.1515/FORUM.2009.014
http://math.univ-lyon1.fr/~begnac/
http://math.univ-lyon1.fr/~kaichouh/

	Introduction
	1. Definability
	2. Reconstruction up to interdefinability
	3. Reconstruction up to bi-interpretability
	3.1. Interpretations
	3.2. From interpretations to group homomorphisms
	3.3. A special structure: a group with a hat
	3.4. Reconstruction
	Acknowledgements

	References

