SINGULARITY
THEORY

Dedecated to
Jean-Paul Brasselet
on his 60™ Birthday

Denis Chéniot * Nicolas Dutertre * Claudio Murolo
Anne Pichon * David Trotman

Editors




) SINGULARITY Y

THEORY




WMINY| SCIENCES o
et ‘ UNIVERSITE DE LA MEDITERRANEE | UNIVERSITE.
%f AIX-MARSEILLE II '}FPROVENCE

Alx - Marseille 1

Singularity Theory

Dedicated to Jean-Paul Brasselet
On his 60th birthday

Procceedings of the Singularity School and conference
January 24th — February 25th 2005
CIRM, Marseille, France

B






Introduction

The Singularity School and Conference was organized from 24 January
to 25 February 2005, in the CIRM, Centre International de Rencontres
Mathématiques de Luminy, Marseille, France, as a Special School of the
Formation Permanente of the French CNRS. Organizers of the five weeks
were successively Anne Pichon, Jean-Paul Brasselet, David Trotman, Nicolas
Dutertre and Claudio Murolo, Denis Chéniot. Around 200 mathematicians
from 31 countries participated in this very successful event. The purpose
of the event was to cover recent developments in the area and to introduce
young researchers to singularities in geometry and topology.

The five weeks were organized in the following way : Elementary and
advanced courses were given during the first week by high level specialists
of the subject : Jean-Paul Brasselet, Characteristic classes for Singular Va-
rieties; Herwig Hauser, Basic techniques for resolution of singularities; Ana-
toly Libgober, Topology of the complements to hypersurfaces in projective
space; David Trotman, Stratifications of subanalytic and semialgebraic sets;
Vladimir Zakalyukin, Lagrangian and Legendrian singularities. The second
week was devoted to general lectures on singularity theory. During the third
week users of singularity theory gave lectures on applications of the theory
to various domains: robot manipulation, visualization techniques, medical
imaging, nerve cells, resonance tongues, gravitational lensing, etc. ... During
the fourth week young researchers explained their recent results and during
the last week lectures were concentrated on geometry and topology in singu-
larity theory.

The book is a collection of courses, surveys, and new results in singular-
ity theory and its applications, presented during the five weeks. It provides
a focus for senior researchers and postgraduate students, summarizing the
current main ideas in singularity theory and suggesting future research di-
rections in the area.

The main interesting features of the papers in these Proceedings of the
Singularity School and Conference are: the elementary and advanced courses
in the first part of the book and the papers on applications of singularity
theory in the second part, which is an original point in comparison with
classical proceedings on the subject. The third part contains surveys on the
development and evolution of the most important themes of the theory from
the beginning up to now, and research papers on important recent results
in the field. They represent the current problems under investigation in the



area and the present state of the art of the subject.

All papers published in the present book have been refereed.

The volume is complementary to the volume published by World Scientific
Publishing for the School and Workshop on Singularity theory held in Trieste,
15 August - 3 September 2005.

The event was made possible with the help of the CNRS, Centre National
de la Recherche Scientifique, especially the Formation Permanente of CNRS
and the local institutions of the CNRS (the FRUMAM, the IML and the
LATP), the CIRM, the French Ministry of Research and Technology, the
French Ministry of Foreign Affairs, the Science Faculty of the Université de
la Méditerranée, the Université de Provence, the City of Marseilles, and the
Conseil Général des Bouches-du-Rhone. The organizers thank particularly
those participants who funded themselves partially or totally .

It is a great pleasure to thank all the speakers and the participants, whose
presence was the real success of the School and Conference. We are also very
grateful to the staff of the IML, the LATP and the CIRM for their help in
organizing the event. Finally, our thanks go to the editorial staff of World
Scientific Publishers for their patience and efficient help with the publication
process of the volume.
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This volume is dedicated to our friend and colleague Jean-Paul Brasse-
let, who reached the round age of 60 in March 2005. We recall here some
of his achievements, in particular his influence on research in singularities
in Marseille.

Until 1991 Jean-Paul was at the University of Lille 1, directing the re-
search laboratory from 1985 to 1991 and was instrumental in the creation
and construction of a fine new library for the mathematics department.
He was one of Henri Cartan’s last research students, defending his These
d’Etat in 1977 (directed jointly by Cartan and Shih Weishu), and was also
strongly influenced by Marie-Hélene Schwartz, his colleague at Lille, who
had been working on extending the theory of characteristic classes to singu-
lar analytic spaces since the early 50’s (and has continued to do so almost
to this day - at the age of 87, she published a 216 page research monograph
in the year 2000 on Chern classes for analytic spaces, and is thus an inspi-
ration to us all !). The theory of characteristic classes for singular spaces
became the dominant theme in Jean-Paul’s research. His lecture notes in
the present volume provide an introduction to the theory and bear witness
to the longevity of his efforts and thus to the richness of the theory.

An unusual feature of his latter activity in Lille was a collaboration with
the French National Railways, the SNCF, applying differential geometry
to the design of TGV tracks between Paris and Lille. Before leaving for
Marseille to become Director of the CIRM, and of the IML, he organised
a major singularities conference in Lille with over 230 participants and
traditional giant figures, and edited the proceedings in a volume published
as volume 201 of the London Mathematical Society Lecture Notes.

He organised another huge singularities conference in Marseille in 1993
(around 150 participants) as well as collaborating in running regular
Marseille-Nice meetings, up to 6 a year, from 1991 to 2003. Three doc-
toral students accompanied Jean-Paul to Marseille - Belkacem Bendiffalah,
Michal Kwiecinski and Jianji Zhou. The three made entertaining speeches
at the celebration dinner in Marseille in honour of Jean-Paul. The 90’s
saw a regular expansion of activity in singularity theory in Marseille: Jean-
Paul and his students joining David Trotman with his students Laurent
Noirel, Stéphane Simon, and then Claudio Murolo, Georges Comte, Dwi
Juniati and Guillaume Valette. Denis Chéniot arrived from Nice in 1993
and soon acquired a student in Christophe Eyral, while in 1994 Lé Dung
Trang came from Paris with his students including Jawad Snoussi and Meral
Tosun, and later Caroline Ausina and Eric Akeke. Hélene Maugendre was
appointed Maitre de Conférences in 1996, Anne Pichon in 1998, Claudio
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Murolo in 2000 and Nicolas Dutertre in 2002. In the creation of a stim-
ulating research environment for this group of mostly young researchers
to develop and thrive, Jean-Paul played a leading role by organising many
international meetings and by bringing his collaborators to Marseille for ex-
tended periods (Paolo Aluffi, Gottfried Barthel, Lev Birbrair, Karl-Heinz
Fieseler, Ludger Kaup, André Legrand, Ursula Ludwig, Markus Pflaum,
Jorg Schiirmann, José Seade, Tatsuo Suwa and Nicolae Teleman).

Recently Jean-Paul was the French organiser of French-Japanese singu-
larities meetings in Sapporo (1998 and 2004), and Luminy (2002), and the
8th Sao Carlos Singularities Workshop (in Luminy !) in 2004. He has also
spent much time in Brussels as a European expert. All this activity meant
he had the competence and the confidence to propose that the six of us
plan the 5 Weeks of Singularity Theory which took place in January and
February 2005. That the whole event went so smoothly and on such a large
scale was due in great part to his experience and know-how.

All Jean-Paul’s colleagues know his sociability and good humour, also
his efficiency in realising ambitious projects. Let this book be a mark of
our respect and appreciation and an encouragement for future researchers
in singularity theory.

Denis Chéniot
Nicolas Dutertre
Claudio Murolo
Anne Pichon
David Trotman

Marseille, October 12th, 2006
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PROGRAMS

Introduction to Singularity Theory
24-28th January 2005

5 courses of 5 hours each :

Jean-Paul Brasselet, Characteristic classes of singular varieties
Herwig Hauser Basic techniques for resolution of singularities
Anatoly Libgober Topology of the complements to hypersurfaces in pro-
jective space

David Trotman Subanalytic and semialgebraic sets: stratifications, equi-
singularity and metric properties

Vladimir Zakalyukin Lagrangian and Legendrian singularities
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Singularities
31th January - 4th February 2005

Monday 31th January

9:40-10:30 Anatoly Libgober, Topology of the complements and geometry
of non normal crossings

11:00-11:50 David Mond, Linear free divisors and Lie groups
16:00-16:50 Wim Veys, Are principal value integrals birational invariants
o

17:00-17:50 Grigory Mikhalkin, Complex, real and tropical curves

Tuesday 1st February

8:30-9:20 Andras Némethi, On the classification of cuspidal rational pro-
jective plane curves

9:40-10:30 Philippe Du Bois, Dévissage de la forme de Seifert entiere des
germes de courbe plane & deux branches

11:00-11:50 Paolo Aluffi, Celestial integration and applications
16:00-16:50 Laurentiu Maxim, Alexander invariants of hypersurface com-
plements

17:00-17:50 Anne Friihbis-Kriiger, Algorithmic resolution of singularities
from a practical point of view

18:00-18:50 Andrzej Weber, Pure homology of singular varietes

Wednesday 2nd February

8:30-9:20 Richard Rimanyi, Thom polynomials for quivers 9:40-10:30 La-
zlo Feher, Relations among Thom Polynomials
11:00-11:50 Mutsuo Oka, Zariski pairs in sextics

Thursday 3rd February

8:30-9:20 Alexandru Dimca, Idaux d’adjonction et idaux des multiplica-
teurs

9:40-10:30 Michel Vaquié, Extension de valuation et polygone de Newton
11:00-11:50 Adam Parusinski, Recent results on blow-analytic equiva-
lence of analytic function germs

16:00-16:50 Inna Scherback, Intersections of Schubert Cells, Tensor Prod-
ucts of sl,-module and Critical Points of The Generating Function
17:00-17:50 Piotr Mormul, Small growth vectors: a Godel-like encoding
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of the geometric classes of Goursat flags

Friday 4th February

8:30-9:20 Lé Dung Trang 9:40-10:30 Fuensenta Aroca, An extension
of the Newton polyhedron construction to compute solutions of a Partial
Differential Equation

11:00-11:50 Jawad Snoussi, The Nash modification and point blow-up on
surfaces

14:00-14:50 Andrew Du Plessis, Projective hypersurfaces admitting a
unipotent group action
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Applications of Singularities
7-11th February 2005

Monday 7th February

10:00-10:50 Shyuichi Izumiya, Pseudo-spherical geometry in Minkowski
space and Legendrian dualities

11:30-12:20 Stanislaw Janeczko, Integrable singularities of Dirac’s gen-
eralized Hamiltonian dynamics

16:00-16:50 Maria Carmen Romero-Fuster, Generic contacts of surfaces
in IR?

17:00-17:50 Hiroaki Terao, Arrangements of hyperplanes and hypergeo-
metric integrals

18:00-19:20 Fernand Pelletier, Stratifications en dimension infinie et ap-
plications

Tuesday 8th February

9:00-9:50 Gert Vegter, The Geometry of Resonance Tongues: A Singular-
ity Theory Approach

10:00-10:50 David Chillingworth, Bifurcation from a 2-manifold: wave-
fronts and line congruences

11:30-12:20 Mike Field, Singularity and stratification theory applied to
dynamical systems

16:00-16:50 Jacques Furter Bifurcations in elasticity : gradient, symme-
try breaking structures and path formulation

17:00-17:50 Isabel Labouriau, Synchronization and desynchronization of
coupled nerve cells

Wednesday 9th February
9:00-9:50 Peter Giblin, Recent work on symmetry sets and medial axes
in 2 and 3 dimensions
10:00-10:50 André Diatta, Vanishing inflexions and vertices in 1-
parameter families of plane curves
11:30-12:20 James Damon, Understanding the geometry of shapes in IR™
via medial and skeletal structures

Thursday 10th February
9:00-9:50 Ole Fogh Olsen, Deep Structure Analysis of Images
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10:00-10:50 Xavier Pennec, Statistical Computing on Riemannian Mani-
folds with Applications in Medical image Analysis

11:30-12:20 Yannick Kergosien, Singularities and genericity in Medical
Imaging and Vision

16:00-16:50 Alain Joets, Optical singularities (caustics) as visualization
technics. Application to liquid cristals

17:00-17:50 Arlie Petters, Singularities in gravitational lensing
18:00-19:20 Dirk Siersma, Shape and Morse Theory of the distance func-
tion

Friday 11th February
9:00-9:50 Peter Donelan, Singularities in Robotics
10:00-10:50 Bernard Mourrain, Meshing implicit algebraic surfaces
11:30-12:20 Yosef Yomdin, What is ” Computational Singularity Theory”
and what is it good for?
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Young researchers in Singularities
14-18th February 2005

Monday 14th February

9:00-9:40 Patrick Popescu-Pampu, On the contact boundary of an iso-
lated singularity

9:55-10:35 José Ignacio Cogolludo, Topology of real and complex line
arrangements in CP?

11:00-12:20 Dirk Siersma, The topology of non-isolated singularities I
15:50-16:30 Gil Guibert, Motivic Milnor fiber and applications
17:00-17:40 Johannes Nicaise, Rigid geometry and the Monodrony con-
jecture

17:55-18:35 Goulwen Fichou, The corank is a blow-Nash invariant

Tuesday 15th February

9:00-9:40 Didier D’Acunto, Singularités de fonctions modérées : trajec-
toires de gradient et fonds de vallées

9:55-10:35 Vincent Grandjean, Gradient trajectories and singularity at
infinity

11:00-12:20 Walter Neumann, Splice diagrams I

15:00-15:40 Mariusz Zajac, Centre symmetry sets and other affine invari-
ants of algebraic sets

15:50-16:30 Guillaume Valette, Hardt’s theorem : a bilipschitz version
17:00-17:40 Rémi SoufHlet, Arc analycity of sub-analytuc functions and
related topics

Wednesday 16th February

9:00-9:40 Maria Alberich-Carraminana, Contractibility of exceptional
curves

9:55-10:35 Guillaume Rond, Artin function and a counter-example to a
conjecture of Spivakovsky

11:00-11:40 Dmitry Kerner, On enumeration of singular
curves/hypersurfaces

11:50-12:30 Wojciech Domitrz, Volume-preserving diffeomorphims on
germs of singular quasi-homogeneous varieties and Aqg-equivalence of maps-
germs



October 12, 2006 7:43 WSPC - Proceedings Trim Size: 9in x 6in  program-WS

Thursday 17th February

9:00-9:40 Pedro Gonzalez-Perez, Harnack’s deformations of real plane
branch singularities and their amoebas

9:55-10:35 Romain Bondil, Multiplicities and vertical components
11:00-12:20 Dirk Siersma, The topology of non-isolated singularities II
15:00-15:40 Christian Sevenheck, Geometry and deformation theory of
lagrangian singularities

15:50-16:30 Nero Budur, Applications of D-modules

17:00-17:40 Tristan Torrelli, Logarithmic comparison theorem and D-
modules

17:55-18:35 Céline Roucairol, Irregularity of a differential system associ-
ated to two polynomials

Friday 18th February

9:00-9:40 Ricardo Uribe-Vargas, A new projective invariant associated
to special parabolic points of surfaces and to swallowtails

9:55-10:35 Arnaud Bodin, Topology of families of complex polynomials
11:00-12:20 Walter Neumann, Splice diagrams II

15:00-15:40 Evelia Garcia-Barroso, The Lojasiewicz numbers and plane
curve singularities

15:50-16:30 Etienne Mann, Correspondence between the orbifold coho-
mology of weighted projective spaces and singularity of a Laurent polyno-
mial
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Topology and Geometry of Singularities
21-25th February 2005

Monday 21th February

9:40-10:30 Alejandro Melle, Links and analytic invariants of superisolated
singularities

11:00-11:50 Stanislaw Janeczko, Local symplectic invariants and relative
Darboux Theorem

14h30-15:20 Sabir Gusein-Zade, Curves on rational surface singularities
and Poincaré series

16:00-16:50 Frangoise Michel, On the boundary of the Milnor Fiber for
non isolated singularities of germs of surfaces

17:10-18:00 Anne Pichon, Real analytic germ from a singularity of normal
surface

18:20-19:10 Terry Gaffney, The multiplicity polar theorem, and an appli-
cation to the indices of vector fields on singular spaces

Tuesday 22th February

8:30-9:20 Ignacio Luengo, Open problems on plane rational curves
9:40-10:30 Georges Comte, Courbes intégrales de champs lipschitz
11:00-11:50 Nicolas Dutertre, Curvature integrals of the real Milnor fibre
14:30-15:20 Marcio Soares, Singularities of logarithmic foliations
16:00-16:50 Patrice Orro, Some properties of the SR geodesic distance
17:10-18:00 Clément Caubel, Contact structure and isolated singularities
: some recent results

18:20-19:10 Lev Birbrair, Metric Theory of Real Surfaces

Wednesday 23th February

8:30-9:20 Walter Neumann, The Casson Invariant Conjecture
9:40-10:30 Victor Goryunov, Simple symmetric matrix singularities and
the subgroups of Weyl groups A,,, D,,, E,,

11:00-11:50 Andrew du Plessis, Fibration, stratification and resolution

Thursday 24th February
Special day for Jean-Paul Brasselet on his 60th Birthday

8:30-9:20 Shoji Yokura, Characteristic classes of symbolic algebraic vari-
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eties

9:40-10:30 J6rg Schiirman, Motivic characteristic classes for singular
spaces,

11:00-11:50 Nicolae Teleman, Sur le caractere de Chern

14:30-15:20 André Legrand, Singularités coniques isolées et caractere de
Chern

16:00-16:50 Markus Pflaum, Towards an algebraic index theorem for sym-
plectic orbifolds

17:15 Concert : Anne Méhat (violon) and Ludger Kaup (piano)
18:00 Apéritif

Birthday dinner

Friday 25th February

8:30-9:20 José Seade, Indices of vector fields on singular varieties
9:40-10:30 Tatsuo Suwa, Localization of characteristic classes and appli-
cations

11:00-11:50 Lé Dung Trang, Equisingularité sur les surfaces

14h30-15:20 Gottfried Barthel, Homologie des variétés toriques
16:00-16:50 Bernard Teissier, Valuations and toric geometry
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