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Tilings in Lyon, 2017

LECTURES

Laurent Bartholdi (ENS, Paris and University of Gottingen):

Self-similar groups.

Abstract: Self-similar groups are groups defined by a "self-similar action": an action on a set, such
that actions on small parts of the set mimick the action on the whole set. In the first part, I will describe
the class of self-similar groups, its important examples, and connections to other classes of groups as
well as square tiling problems.

In the second talk, I will concentrate on spectacular properties of some self-similar groups: infinite
torsion groups, and groups of intermediate word growth. These examples were given by Grigorchuk
in the 1980’s, and are still the topic of active research. These self-similar groups are "contracting": this
is the basis of most proofs, by induction, as well as the source of important algorithmic properties.

In the third talk, I will explain a deep and fruitful connection, due to Nekrashevych, between self-
similar groups and dynamical systems: there is a bijection between contracting self-similar groups
and expanding self-maps of topological spaces. This has led to answers of long-standing open ques-
tions in complex dynamics.

LY. Y.

Edmund Harriss (University of Arkansas, Fayetteville):

Local rules for aperiodic tilings.

Abstract: The discovery of aperiodic sets of tiles, that could tile the plane but not periodically opened
up a world in which the local properties of fitting shapes together could enforce long range behaviour.
In many of the early examples the behaviour seemed to almost be magic. It was possible to prove the
set of tiles was aperiodic, but the proof did not give much insight into why. For hierarchical tilings
some general constructions have emerged that allow the creation of local rules for any substitution
tiling, though these methods are a little brute force, often giving sets with huge numbers of distinct
tiles.

In the first lecture I will describe the history of aperiodic tile sets and prove that the Penrose tiles
with matching rules are aperiodic. In the second lecture I will show the general structures on which
we might consider local rules, and use these to show the methods that create local rules for and
substitution tiling. Finally in the third lecture I will discuss a large family of tilings discovered by
Goodman-Strauss that provide a useful space for detailed exploration between the magic and the
brute force. I will conclude with some discussion of how these local rules can be applied in many
ways from art to mathematics.

LYY
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Jarkko Kari (University of Turku):

Wang tilings and Cellular Automata: aperiodicity and computability.

Abstract: Cellular automata are discrete dynamical systems based on local, synchronous and paral-
lel updates of symbols written on an infinite array of cells. They are the simplest imaginable massively
parallel computing systems that operate under the nature inspired constraints of locality of interac-
tions and uniformity in time and space. They can also exhibit the physically relevant properties of
time reversibility and conservation laws if the local update rule is chosen appropriately. Closely re-
lated notions in symbolic dynamics are tiling spaces: sets of infinite arrays of symbols defined by
forbidding the appearance anywhere in the array of some local patterns. In comparison to cellular
automata, the dynamic local update function has been replaced by a static local matching relation.

These lectures present classical results about cellular automata, discuss algorithmic questions con-
cerning tiling spaces and relate these questions to decision problems about cellular automata, observ-
ing some fundamental differences between the one- and two-dimensional cases.

LYY

Lorenzo Sadun (University of Texas at Austin):

Fusion : A general framework for hierarchical tilings.

Abstract: Many important classes of tilings exhibit a hierarchical structure. In this mini-course, we’ll
review the simplest setting, substitution tilings, where the hierarchy looks the same at each level. We
will then relax the rules, allowing new structures at different length scales, and see that much (but not
all!) of the theory of substitutions carries over with minor modifications. This includes topological
constructions, spectral theory, and ergodic theory. We then extend the theory to cover tilings of infinite
local complexity, and develop new measures of complexity to understand those examples.
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STUDENTS TALKS

Mauricio Allendes Cerda (University of Chile):

Continuous eigenvalues for Meyer sets.

Abstract: Let D C R? a Delone set and (X p,R¢) its dynamic hull system. Following [1] when the
abelian group [D — D] is a finitely generated with r generators, we say that the rank of D is r and we
write rank(D) = r. In this talk we will give a dynamical proof of the following result that appears in

[3].

Theorem 1. Let D C R? be a repetitive Meyer set with rank(D) = r. The system (Xp,R%) has r > d
continuous eigenvalues.

In dimension d = 1, following some ideas in [2], we will give conditions that ensure that every
eigenvalue is continuous.

Theorem 2. Let D C R be a repetitive Meyer set such that (X p,R) is linearly recurrent. Suppose that exists
a sequence of Kakutani-Rokhlin partitions such that for any integer m > 1 the heights hi(m), ..., he(m)(m)
are rationally independent. Then (X p,R) has only continuous eigenvalues.

We will exhibit some examples of dynamical system where Theorem 2 applies. Also we work two
examples to observe that the hypotheses of being Meyer and having rationally independent heights
are necessary in Theorem 2.

This is a joint work with Daniel Coronel.

References:

[1]].C. Lagarias. Geometric models for quasicrystals I. Delone sets of finite type. Discrete Comput. Geom.
21 (1999), no. 2, 161-191. MR 1668082.

[2] Cortez, Maria Isabel; Durand, Fabien; Host, Bernard; Maass, Alejandro. Continuous and measurable
eigenfunctions of linearly recurrent dynamical Cantor systems. ]. London Math. Soc. (2) 67 (2003), no. 3,
790-804.

[ 3 ] Johannes Kellendonk; Lorenzo Sadun. Meyer sets, topological eigenvalues, and Cantor fiber bundles.
J. Lond. Math. Soc. (2) 89 (2014), no. 1, 114-130.

LYY}

Ilya Galanov (Université Paris 13, LIPN):

On self-assembly of aperiodic tilings.

Abstract: Aperiodic tilings serve as a mathematical model for quasicrystals, such crystals that do
not have any translational symmetry. Question about how quasicrystals grow still remains open. In
this talk I will present the algorithm for growing defect free Penrose tilings using local rules based
on paper “Growth rules for quasicrystals” by Joshua Socolar. And state necessary conditions for
deterministic growth of cut-and-project aperiodic tilings using “defective seeds".

LYY
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Silvere Gangloff (Institut de Mathématiques de Toulouse):

Information processing into hierarchical structures under dynamical constraints.

Abstract: Hochman and Meyerovitch (2010) and Meyerovitch (2011) gave characterizations of topo-
logical invariants of multidimensional subshifts using computability conditions. They used subshifts
in which hierarchical structures appear into which are implemented some Turing machines used to
verify frequency conditions on symbols of the subshift’s alphabet. We propose adaptations to these
results for subshifts under dynamical constraints : transitivity for the entropy characterization, and
minimality for the entropy dimension.

LYV}

Edin Lidan (University of Bihac):

Homology groups of generalized polyomino type tilings.

Abstract: A polyomino is a plane geometric figure formed by joining one or more equal squares edge
to edge and it may be regarded as a finite subset of the regular square tiling with a connected interior.
Polyomino tilling problem asks is it possible to properly cover a finite region M consisting of cells with
polyomino shapes from a given set 7. There are a numerous generalizations of this questions towards
symmetrical and asymmetrical tillings, higher dimension analogs, polyomino types in other regular
lattice grids (triangular, hexagonal), etc. However, the problem in all cases in general is NP-hard and
we can give definite answer only in limited number of cases.

This enthralling problem from recreational mathematics attracts attention of both mathematicians
and non-experts. Conway and Lagarias devolped in [1] assigned to each set of tiles 7 the homology
and the homotopy group of tillings and formulated a necessary condition for existence of a proper
tillings of a finite region M, and their ideas are further developed by Reid in [2]. This powerful idea
allows natural generalization to a much wider class of combinatorial tillings. In the talk we study
problem of tilling a surface S subdivided in finite ‘combinatorial” grid which mail fail to be regular
with finite set of polyomino like shapes 7 and define the homology group Hs (7). We present some
new results together with illustrating examples explaining the application of the homology group of
generalized polyomino type tillings in combinatorial and topological context. This is joint work with
Dorde Barali¢.

References

[1] J. H. Conway, J. C. Lagarias: Tilings with polyominoes and combinatorial group theory, Journal of Com-
binatorial Theory, Series A 53, (1990), 183 — 208.

[2] M. Reid: Tile homotopy groups, L' Enseignement Mathématique 49 (2003), no. 1-2, pp. 123 — 155.
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Victor Lutfalla (University of Turku):

Substitution cut-and-project tilings.

Abstract: In this talk I will present our work on substitution cut-and-project tilings with n-fold ro-
tational symmetry. I will detail the case of 7-fold rotational symmetry and present our methodology
for the study of 2k + 1-fold symmetry.
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PARTICIPANTS

Mahmud AkeLBek, Weber State University makelbek@weber.edu
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Dominik FRANCOEUR, University of Geneva dominik.francoeur@unige.ch
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Guilhem Gamarp, Higher School of Economics, Moscow guilhem.gamard@normale.fr
Silvere GanGLorr, Université Paul Sabatier Silvere.gangloff@gmx.com
Thibault copiN, Paris 7 Diderot godin@irif.fr

Anael GraNDJEAN, Université de Montpellier anael.grandjean@lirmm.fr

Pierre GuiLLoN, CNRS pierre.guillon@math.cnrs.fr
Bin HaN, Institut Camille Jordan hanbin5686072430@gmail . com
Joonatan Jaronen, University of Turku jsjalo@utu.fi

Jarkko Kari, University of Turku jkariGutu.fi

Johannes KELLENDONK, kellendonk@math.univ-1lyonl.fr
Paul-Henry Leemann, ENS Lyon paul-henry.leemann@ens-lyon.fr
Edin LipaN, University of Biha¢ lidjan_edin@hotmail.com

Victor LuTFALLA, victor.lutfalla@ens-1lyon.fr
Alba Marina MALAGA SaBoGAL, INRIA de Paris albam88@hotmail . com

Diana MANDAR, suzanad23@yahoo.com

Etienne Mourot, ENS Lyon etienne.moutot@ens-1lyon.org
Samuel NarTEY, Moscow Institute of Physics and Technology s.nartey@ymail.com

MUSTAFA OZKARACA, m.ozkaraca.l@research.gla.ac.uk
Daria PcHELINA, dashka.pchelina@gmail.com

Aitor Perez, aitor.perez@unige.ch

Matthieu PicanTiN, Université Paris Diderot picantin@liafa.univ-paris-diderot.fr
Michaél RAO, michael.rao@ens-1lyon.fr

Eric REMILA, eric.remila@univ-st-etienne.fr
Andrew Ryzuikov, Université Grenoble Alpes ryzhikov.andrew@gmail . com
Lorenzo SADUN, sadun@math.utexas.edu

Ilkka T6rmA, University of Turku iatorm@utu.fi

Siming Tu, University of Chile simingtu@gmail.com
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SOCIAL EVENT
CONFERENCE DINNER AT MAISON VILLEMANZY

The conference dinner takes place on Wednesday, September 20th at 19:30, at the restaurant Maison

Villemanzy,
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USEFUL INFORMATION AND TOURISM

CLIMBING TO THE FOURVIERE BASILICA
You can discover the most famous church of Lyon, the basilica Notre Dame de Fourviére, by a small
itinerary given below. From the subway station Vieux Lyon, take the funicular railway to the Fourviére
hill. Once arrived at the top of the hill, you can visit the Fourviere basilica (point A on the map) and
enjoy a nice view of the whole city. Then you can go back to Vieux Lyon and to the Saint Jean cathedral
(point B on the map) by going down through the garden (you can also take the garden to climb to the
basilica, but the bottom entry of the garden is not easy to find, and obviously, it is always easier to go
down than to climb up). The map given below can also be found at: http://tinyurl.com/paltmwy

Duration: around 45 minutes starting from the subway station Vieux Lyon.
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WALKING IN THE PRESQU’ILE
The Presqu’ile, the city center located between the two rivers the Sadne and the Rhone, can be discovered
by a small walk like the one given on the map below. By this itinerary, you will successively go through
the place Bellecour (point A on the map), the docks of the Sadne river (point B), the théitre des Célestins
(point C), the place des Jacobins (point D), the street rue de la République (with a lot of shops), and you
will finally arrive at the place de la Bourse (point E). Once arrived, you can go to the street called rue

Merciére, near the place de la Bourse, where you can find a lot of restaurants. The map given below can
9/12
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Duration: around 35 minutes starting from the Place Bellecour.
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SOME OTHER TYPICAL STREETS AND NEIGHBOURHOODS OF LYON
e The neighbourhood of Vieux Lyon and the quartier Saint Jean

The street rue des Marronniers (a walking street with restaurants)

The street rue Merciére (a street with a lot of restaurants)
e The docks of the Rhone river (by walk or by bike)

Streets around place des Terreaux, like rue Sainte Catherine or rue Pizay (small streets with pubs)

The Parc de la Téte d'Or (a free parc with a zoo)

Restaurants in Lyon

Most of the restaurants and bars in Lyon are located in the old city center and in the Presqu’ile (1st
and 2nd arrondissements). We propose below few restaurants near the conference site. For more
suggestions or restaurants in the old city center, please check the online list from the tourist office
which can be found at: www.lyon-france.com/Restaurants
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RESTAURANTS NEAR THE CONFERENCE SITE (see map p. 12):

Ninkasi-Le Silo, 267 Rue Marcel Mérieux, 69007 Lyon (around 20€)

René Gamboni, ,241 Rue Marcel Mérieux, 69007 Lyon (around 30-35€)

Carnegie Hall, 253 rue Marcel Mérieux, 69007 Lyon (mainly meat, around 30-35€)

Jols, 283 Avenue Jean Jaures, 69007 Lyon (mainly fish and seafood, around 30-35€)
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COMING TO THE CONFERENCE SITE

The closest airport is Lyon Saint-Exupéry (remember The Little Prince by Antoine de Saint-Exupéry?
Saint-Exupéry was from Lyon!). There is also a TGV train station near the airport. The tramway takes
you directly to one of Lyon downtown train stations, Lyon Part-Dieu. From there you can take the
subway B for a short ride to the conference site.

Be careful: there are two different sites for the ENS Lyon, site Monod for sciences and site Descartes
for litterature. The Tilings in Lyon events take place at the site Monod.

How to get to the ENS Lyon, site Monod, 1 place de I’école

From the Lyon-Saint Exupéry Airport: take the Rhone Express from the airport to the Part-Dieu
train station.

From the Lyon Part-Dieu train station: take the Vivier Merle exit of the train station, then take
the subway, line B in the direction of Gare d’Oullins. Get down at the Debourg stop (see below in
green).

From the Lyon Perrache train station, by bus: go to the bus station and take the bus line C22.
Get down at the ENS Lyon stop (see below in red).

From the Lyon Perrache train station, by tramway: take the tramway line T1 at the station

Perrache or at the outdoor tramway station Suchet. Get down at the ENS Lyon stop (see below in
red).

From anywhere by Vélov’ bike: you can use the city bikes system, called Vélov’. See the website
of Vélov’ for details (how to rent a bike, prices and delay, stations with available bikes...).
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