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PREFACE
We welcome you to a great event for the mathematics: The 6th Pacific Rim
Conference on Mathematics. This volume is intended as the proceeding of
the 6th Pacific Rim Conference on Mathematics, held for the period of July 1 5, 2013 at Sapporo Convention Center.

The Pacific Rim Conference on Mathematics, organized and supported by
major universities and research institutions in the Pacific Rim region, has
been held triannually from 1998 to present the latest topics in various areas
of mathematics. Past meetings were held in Hong Kong (1998), Taipei (2001),
Shanghai (2005), Hong Kong (2007), Stanford (2010). This is the sixth
meeting.
Importance of mathematics is significantly increasing in various areas of
science and technology. This is because a key innovation often depends on
innovation of mathematics. However, it is difficult, even for mathematicians,
to keep pace with rapid development of mathematics. With several focusing
sessions this conference emphasizes survey lectures by world-leading
specialists on various areas of pure and applied mathematics to boost
interactions and in-depth discussions among researchers working in
mathematics and related fields.
We hope you enjoy the Pacific Rim Conference on Mathematics as well as
your stay in Sapporo.

Organizers:
Yoshikazu Giga (University of Tokyo), Keizo Yamaguchi (President,
Hokkaido University)
Local Organizers:
Shuichi Jimbo (Hokkaido University), Hiroaki Terao (Dean of Faculty of
Sciences, Hokkaido University)
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Participating Institutions
(01) City University of Hong Kong
(02) Academia Sinica (Taipei)
(03) Seoul National University
(04) National University of Singapore
(05) Fudan University
(06) Australian National University
(07) Stanford University
(08) University of California, Berkeley
(09) University of California, Los Angeles
(10) Pacific Institute for the Mathematical Sciences (Canada)
(11) University of Auckland (New Zealand)
(12) Pontifical Catholic University of Chile (Santiago)
(13) Kyoto University / RIMS
(14) Tohoku University
(15) Meiji University
(16) Hokkaido University
(17) University of Tokyo

Steering Committee

Shuichi Jimbo (Hokkaido University), Chairperson
Tomoro Asai (Hokkaido University)
Mi-Ho Giga (University of Tokyo)
Yasuko Koganezawa (Hokkaido University)
Masahiko Shimojo (Okayama University of Science)
Keisuke Takasao (Hokkaido University)
Michiko Tanaka (Institute for Mathematics in Advanced
Interdisciplinary Study)
Tsuyoshi Yoneda (Hokkaido University)
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Program (Plenary Lectures)
All plenary lectures will be held in Small Hall.

I

Weixiao Shen (National University of Singapore)

July 1 (Mon.), 10:05 – 10:50

On Stability of One-Dimensional Dynamics
Chairperson: Kuo-Chang Chen
II

Hideo Tamura (Okayama University)

July 1 (Mon.), 11:15 – 12:00

Aharonov-Bohm effect in resonances of magnetic Schrödinger operators in
two dimensions
Chairperson: Claudio Fernandez
III Alan Carey (Australian National University)

July 2 (Tue.), 10:05 – 10:50

Geometric Cycles and ܦ-Branes
Chairperson: Bai-Ling Wang
IV Yoshio Sone (Kyoto University)

July 2 (Tue.), 11:15 – 12:00

Fluid-dynamic-type equations derived from the Boltzmann equation for
small Knudsen numbers and their boundary conditions
Chairperson: Shih-Hsien Yu
V

Russel Caflisch (UC Los Angeles)

July 3 (Wed.), 9:15 – 10:00

From Natural Science to Information Science and Back
Chairperson: Yoshikazu Giga
VI Izumi Takagi (Tohoku University)

July 3 (Wed.), 10:05 – 10:50

Point-condensation phenomenon in a reaction-diffusion system: geometry
of domain vs heterogeneity of media
Chairperson: Takayoshi Ogawa
VII

Ben Andrews (Australian National University)

July 3 (Wed.), 11:15 – 12:00

Minimal and Constant Mean Curvature Surfaces in the Three-Sphere:
Brendle's Proof of the Lawson Conjecture
Chairperson: Sumio Yamada
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VIII Jongil Park (Seoul National University)

July 4 (Thu.), 9:15 – 10:00

The geography problems of 4-manifolds
Chairperson: Cheol-Hyun Cho
IX Doron Lubinsky (Georgia Institute of Technology)

July 4 (Thu.), 10:05 – 10:50

Pushing Polynomial Reproducing Kernels to their Non-polynomial Limit
Chairperson: Roderick Wong
X

Toshitake Kohno (University of Tokyo)

July 4 (Thu.), 11:15 – 12:00

Quantum symmetry in homological representations of braid groups and
hypergeometric integrals
Chairperson: Alejandro Adem
XI Bill Barton (The University of Auckland)

July 5 (Fri.), 10:05 – 10:50

Being like Sakamoto Hayato: Lecturers as professionals
Chairperson: Ryosuke Nagaoka
XII Yujiro Kawamata (University of Tokyo)
Derived categories in algebraic geometry
Chairperson: Masa-Hiko Saito
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July 5 (Fri.), 11:15 – 12:00

Program (Sessionss and Poster presentation))

July 1 (Mon.), 14:00 – 15:00, 15:30 – 16:30
July 2 (Tue.), 14:00 – 15:00, 15:30 – 16:30

(B) Dynamical Systems, Room 104㧒105
Organizer: Kuo-Chang Chen (National Tsing Hua University)
    Session local organizer: Zin Arai (Hokkaido University)
(E) Mathematical Physics, Room 206
Organizer: Bai-Ling Wang (Australian National University)
Session local organizer: Masao Jinzenji (Hokkaido University)
(F) Differential Geometry, Small Hall
Organizer: Richard Schoen (Stanford University)
Session local organizer: Yoshihiro Tonegawa (Hokkaido University)
(Note that the detailed time table is not as indicated above.)
(G) Topology and Related Topics, Room207
Organizers: Toshitake Kohno (University of Tokyo), Alejandro Adem (Pacific Institute
for the Mathematical Sciences)
Session local organizer: Hiroaki Terao (Hokkaido University)
(I) Spectral and Scattering Theory, Room 107
Organizer: Claudio Fernandez (Pontificia Universidad Católica de Chile)
Session local organizer: Asao Arai (Hokkaido University)
(L) Topological Problems in Fluid Dynamics, Room 108
Organizer: Takashi Sakajo (Kyoto University)
Session local organizer: Tsuyoshi Yoneda (Hokkaido University)
(M) Mathematical Aspects of Crystal Growth and Image Analysis, Room 204
Organizers: Russel Caflisch (University of California, Los Angeles), Yoshikazu Giga
(University of Tokyo)
Session local organizer: Shuichi Jimbo (Hokkaido University)

July 1 (Mon.), 16:30 – 17:00 Room 204
July 2 (Tue.), 16:30 – 17:00 Room 204

Poster presentation
Poster presentation
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Program (Sessions and Poster presentation)

July 4 (Thu.), 14:00 – 15:00, 15:30 – 16:30
July 5 (Fri.), 14:00 – 15:00, 15:30 – 16:30

(A) Special Functions and Orthogonal Polynomials, Room 107
Organizer: Dan Dai (City University of Hong Kong)
Session local organizer: Hiroaki Terao (Hokkaido University)
(C) Symplectic Topology, Room 206
Organizer: Cheol-Hyun Cho (Seoul National University)
Session local organizer: Masao Jinzenji (Hokkaido University)
(D) Kinetic and Hyperbolic Equations, Small Hall
Organizer: Shih-Hsien Yu (National University of Singapore)
Session local organizer: Hideo Kubo (Hokkaido University)
(H) Undergraduate Mathematics Education, Room 108
Organizers: Judy Paterson, Mike Thomas, Bill Barton (The University of Auckland)
(This short session will be finished in July 4.)
(J) Algebraic Geometry, Room 207
Organizers: Masa-Hiko Saito (Kobe University), Yoshinori Namikawa (Kyoto
University), Shigeru Mukai (Kyoto University)
Session local organizer: Iku Nakamura (Hokkaido University)
(Note that the detailed time table of this session is not as indicated above.)
(K) Elliptic and Parabolic Equations, Room 204
Organizer: Kazuhiro Ishige (Tohoku University), Takayoshi Ogawa (Tohoku
University), Yoshihiro Tonegawa (Hokkaido University)
Session local organizer: Yoshihiro Tonegawa (Hokkaido University)


8

Program of Session (A)
(A) Special Functions and Orthogonal Polynomials,, Room 107
Organizer: Dan Dai (City University of Hong Kong)
Session local organizer: Hiroaki Terao (Hokkaido University)

July 4 (Thu.), 14:00 – 14:25, Room 107
Roderick Wong (City University of Hong Kong)
Stieltjes-Wigert Polynomials and the q-Airy Function
July 4 (Thu.), 14:30 – 14:55, Room 107
Adri Olde Daalhuis (University Edinburgh, UK)
Exponentially-accurate uniform asymptotic approximations for integrals and
Bleistein's method revisited
July 4 (Thu.), 15:30 – 15:55, Room 107
Walter Van Assche (Katholieke Universiteit Leuven, Belgium)
Ratio asymptotics and zero distribution for multiple orthogonal polynomials
July 4 (Thu.), 16:00 – 16:25, Room 107
Yoshitsugu Takei (Kyoto University, Japan)
On the turning point problem for Painlevé equations with a large parameter
㩷
July 5 (Fri.), 14:00 – 14:25, Room 107
Peter Clarkson (University of Kent, UK)
On the relationship between the Painlevé equations and semi-classical orthogonal
polynomials
July 5 (Fri.), 14:30 – 14:55, Room 107
Arno Kuijlaars (Katholieke Universiteit Leuven, Belgium)
The tacnode Riemann-Hilbert problem
July 5 (Fri.), 15:30 – 15:55, Room 107
Yousuke Ohyama (Osaka University, Japan)
A connection problem for linear q-difference equations related to the q-Painlevé VI
equation
July 5 (Fri.), 16:00 – 16:25, Room 107
Dan Dai (City University of Hong Kong)
Plancherel-Rotach asymptotic expansion for some polynomials from indeterminate
moment problems
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Program of Session (B)
(B) Dynamical Systems,, Room 104
4㧒105
Organizer: Kuo--Chang Chen (National Tsing Hua University)
Session local organizer: Zin Arai (Hokkaido University)
July 1 (Mon.), 14:00 – 14:25, Room 104㧒105
Juan Eduardo Rivera Letelier (Pontificia Universidad Catolica de Chile, Chile)
Equilibrium states and large deviation principles for one-dimensional maps under a
weak hyperbolicity assumption
July 1 (Mon.), 14:30 – 14:55, Room 104㧒105
Yutaka Ishii (Kyushu University, Japan)
On parameter loci of the Hénon family
July 1 (Mon.), 15:30 – 15:55, Room 104㧒105
Wen Huang (Chinese University of Science and Technology, China)
Stable Sets in ܼ  -Systems with Positive Entropy
July 1 (Mon.), 16:00 – 16:25, Room 104㧒105
Jung-Chao Ban (National Dong Hwa University, Taiwan)
On the Minkowski dimensions of multi-dimensional and coupled multiplicative systems

July 2 (Tue.), 14:00 – 14:2514:30, Room 104㧒105
Hiroki Takahasi (Kyoto University, Japan)
Prevalence of non-uniform hyperbolicity at the first bifurcation of Hénon-like families
July 2 (Tue.), 14:30 – 14:55, Room 104㧒105
Zin Arai (Hokkaido University, Japan)
On the monodromy and bifurcations of the Hénon map
July 2 (Tue.), 15:30 – 15:55, Room 104㧒105
Kuo-Chang Chen (National Tsing Hua University, Taiwan)
On the barycenter set of some one-dimensional maps
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Program of Session (C)
(C) Symplectic Topology,, Room 206
Organizer: Cheol--Hyun Cho (Seoul National University)
Session local organizer: Masao Jinzenji (Hokkaido University)

July 4 (Thu.), 14:00 – 14:25, Room 206
Yakov Eliashberg (Stanford University, USA)
Lagrangian non-intersection theory
July 4 (Thu.), 14:30 – 14:55, Room 206
Viktor Ginzburg (University of California, Santa Cruz, USA)
Periodic Orbits of Hamiltonian Systems: Beyond the Conley Conjecture
July 4 (Thu.), 15:30 – 15:55, Room 206
Urs Frauenfelder (Seoul National University, Korea)
A Gamma-structure on the Lagrangian Grassmannian
July 4 (Thu.), 16:00 – 16:25, Room 206
Kaoru Ono (Research Institute for Mathematical Sciences, Japan)
Non-displaceable Lagrangian submanifolds

July 5 (Fri.), 14:00 – 14:25, Room 206
Conan Leung (Chinese University of Hong Kong, China)
SYZ transformation for coisotropic A-branes
July 5 (Fri.), 14:30 – 14:55, Room 206
Sheel Ganatra (Stanford University, USA)
Symplectic cohomology and duality for the wrapped Fukaya category
July 5 (Fri.), 15:30 – 15:55, Room 206
Hansol Hong (Seoul National University, Korea)
Finite Group Actions and Lagrangian Floer Theory
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Program of Sessiion (D)
(D) Kinetic and Hyperbolic Equations,, Small Hall
Organizer: Shih--Hsien Yu (National University of Singapore)
Session local organizer: Hideo Kubo (Hokkaido University)

July 4 (Thu.), 14:00 – 14:25, Small Hall
Shijin Deng (Shanghai Jiao Tong University, China)
㩷

Boltzmann equation and Green’s function for shock profiles

July 4 (Thu.), 14:30 – 14:55, Small Hall
Jin-Cheng Jiang (National Tsing Hua University, Taiwan)
㩷

Collision operator of Boltzmann equation

July 4 (Thu.), 15:30 – 15:55, Small Hall
Tai-Ping Liu (Stanford University, USA / Academia Sinica, Taiwan)
㩷

Gas Dynamics and Kinetic Theory, Some Historical Perspectives

July 4 (Thu.), 16:00 – 16:25, Small Hall
Shigeru Takata (Kyoto University, Japan)
㩷

Some applications of symmetry relations for the steady/unsteady linearized
Boltzmann equation

July 5 (Fri.), 14:00 – 14:25, Small Hall
Tong Yang (City University of Hong Kong, Hong Kong)
㩷

Smoothing effect for the homogeneous Boltzmann Equation

July 5 (Fri.), 14:30 – 14:55, Small Hall
Shih-Hsien Yu (National University of Singapore, Singapore)
㩷

Viscous wave propagation at interface

July 5 (Fri.), 15:30 – 15:55, Small Hall
Seung Yeal Ha (Seoul National University, Korea)
Lp-scattering and uniform stability of kinetic equations
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Program of Session (E)
(E) Mathematical Physics,, Room 206
Organizer: Bai--Ling Wang (Australian National University)
Session local organizer: Masao Jinzenji (Hokkaido University)
July 1 (Mon.), 14:00 – 14:25, Room 206
Raphael Ponge (Seoul National University)


Vafa-Witten inequality and Poincare duality in noncommutative geometry

July 1 (Mon.), 14:30 – 14:55, Room 206
Bai-Ling Wang (Australian National University)
Virtual neighborhood technique for pseudo-holomorphic spheres

July 1 (Mon.), 15:30 – 15:55, Room 206
Kaoru Ono (Research Institute for Mathematical Sciences, Japan) 
Lagrangian Floer theory and mirror symmetry on compact toric manifolds

July 1 (Mon.), 16:00 – 16:25, Room 206
Masao Jinzenji (Hokkaido University, Japan)
Mirror Map as Generating Function of Intersection Numbers

July 2 (Tue.), 14:00 – 14:25, Room 206
Kiyonori Gomi (Shinshu University, Japan)
Mickelsson's twisted K-theory invariant

July 2 (Tue.), 14:30 – 14:55, Room 206
Siye Wu (Hong Kong University)


Index gerbe and differential K-theory

July 2 (Tue.), 15:30 – 15:55, Room 206
Ruibin Zhang (University of Sydney, Australia)


Brauer category and fundamental theorems of classical invariant theory

July 2 (Tue.), 16:00 㧙16:25, Room 206
Toshitake Kohno (University of Tokyo, Japan)
Monodromy groups of conformal field theory
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Program of Session (F)
(F) Differential Geometry,, Small Hall
Organizer: Richard Schoen (Stanford University)
Session local organizer: Yoshihiro Tonegawa (Hokkaido University)
July 1 (Mon.), 14:00 – 14:25, Small Hall
Richard Schoen (Stanford University, USA)
A new method of constructing metrics on surfaces which maximize the first eigenvalue

July 1 (Mon.), 14:30 – 15:15, Small Hall
Haizhong Li (Tsinghua University, China)
Self-Shrinkers of the Mean Curvature Flow in Euclidean Space with Arbitrary Codimension

July 1 (Mon.), 15:30 – 16:15, Small Hall
Sumio Yamada (Gakushuin University, Japan)


On variational characterizations of exact solutions in general relativity

July 2 (Tue.), 14:00 – 14:45, Small Hall
Pin Yu (Tsinghua University, China)
Cauchy Data of Vacuum Einstein Equations Evolving to Black Holes

July 2 (Tue.), 15:00 – 15:45, Small Hall
Glen Wheeler (University of Wollongong, Australia)


The Willmore flow in Riemannian spaces

July 2 (Tue.), 16:00 – 16:45, Small Hall
Guoyi Xu (University of California, Irvine, USA)


An equation linking W-entropy with reduced volume
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Program of Session (G)
(G) Topology and Related Topics,, Room 207
Organizerss: Toshitake Kohno (University of Tokyo),, Alejandro Adem
(Pacific Institute for the Mathematical Sciences)
Session local organizer: Hiroaki Terao (Hokkaido University)
July 1 (Mon.), 14:00 – 14:50, Room 207
Mario Salvetti (Universita di Pisa, Italy)
Some topological problems and computational methods in the theory of braids and related
groups

July 1 (Mon.), 15:30 – 15:55, Room 207
Alejandro Adem (University of British Columbia, Canada)


Topology of Commuting Matrices

July 1 (Mon.), 16:00 – 16:25, Room 207
Masahiko Yoshinaga (Hokkaido University, Japan)


Milnor fibers of real line arrangements

July 2 (Tue.), 14:00 – 14:50, Room 207
Hiroaki Terao (Hokkaido University, Japan)


The freeness of ideal subarrangements of Weyl arrangements

July 2 (Tue.), 15:30 – 15:25, Room 207
Ryan Budney (University of Victoria, Canada)
Some maps out of spaces-of-embeddings

July 2 (Tue.), 16:00 – 16:25, Room 207
Tadayuki Watanabe (Shimane University, Japan)


Morse homotopy and invariants of manifolds
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Program of Session (H)
(H) Undergraduate Mathematics Education,, Room 108
Organizerss: Judy Paterson, Miike Thomas, Biill Barton (The University of
Auckland)

July 4 (Thu.), 14:00 – 14:25, Room 108
Ryosuke Nagaoka (Meiji University, Japan)
Mathematicians' Responsibility for Mathematics Education --- The Role of Lighthouse
  Keeping in the Dark
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Program of Session (I)
(I) Spectral and Scattering Theory,, Room 107
Organizer: Claudio Fernandez (Pontificia Universidad Católica de Chile)
Session local organizer: Asao Arai (Hokkaido University)
July 1 (Mon.), 14:00 – 14:25, Room 107
Asao Arai (Hokkaido University, Japan)
A New Asymptotic Perturbation Theory and Applications to Massless Quantum Fields



July 1 (Mon.), 14:30 – 14:55, Room 107
Carlos Villegas (Universidad Nacional Autonoma de Mexico, Mexico)
On a limiting resonance distribution theorem for the Stark effect in the semiclassical limit



July 1 (Mon.), 15:30 – 15:55, Room 107
Pablo Miranda (Pontificia Universidad Católica de Chile, Chile)
Eigenvalue Asymptotics for Dirichlet and Neumann Half-plane Magnetic Hamiltonians



July 1 (Mon.), 16:00 – 16:25, Room 107
Shu Nakamura (University of Tokyo, Japan)
Propagation of singularities for Schrodinger equations with long range perturbations



July 2 (Tue.), 14:00 – 14:25, Room 107
Kalyan Sinha (Jawaharlal Nehru Centre for Advanced Scientific Research, India)
Trace - Integral Formulae for functions of one and two operator variables

July 2 (Tue.), 14:30 – 14:55, Room 107
Rafael Tiedra (Pontificia Universidad Católica de Chile, Chile)


Commutator methods for the spectral analysis of time changes of horocycle flows

July 2 (Tue.), 15:30 – 15:55, Room 107
Takuya Mine (Kyoto Institute of Technology, Japan)
Two-solenoidal Aharonov-Bohm effect with quantized magnetic fluxes



July 2 (Tue.), 16:00 – 16:25, Room 107
Richard Froese (University of British Columbia, Canada)


Transversely periodic potentials on trees
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Program of Session (J)
(J) Algebraic Geometry,, Room 207
Organizerss: Masa--Hiko Saito (Kobe University),, Yoshinori Namikawa,, (Kyoto
University),, Shigeru Mukai (Kyoto University)
Session local organizer: Iku Nakamura (Hokkaido University)

July 4 (Thu.), 14:00 – 14:40, Room 207
Baohua Fu (Academia Sinica, Beijing)
㩷 Sixty years of compactifications of Cn
July 4 (Thu.), 14:50 – 15:30, Room 207
Iku Nakamura (Hokkaido University)
 Compactification of moduli of abelian varieties

July 4 (Thu.), 15:50 – 16:30, Room 207
Shigeyuki Kondo (Nagoya University)
 On certain duality of Neron-Severi lattices of supersingular K3 surfaces

July 5 (Fri.), 14:00 – 14:40, Room 207
Young-Hoon Kiem (Seoul National University)
 Categorification of Donaldson-Thomas invariants via Perverse Sheaves

July 5 (Fri.), 14:50 – 15:30, Room 207
Yukinobu Toda (IPMU, Tokyo University)
 Gepner type stability conditions on graded matrix factorizations

July 5 (Fri.), 15:50 – 16:30, Room 207
Bumsig Kim (KIAS, Seoul)
 ADE quiver bundles on a curve
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Program of Session (K)
(K) Elliptic and Parabolic Equations,, Room 204
Organizerss: Kazuhiro Ishige (Tohoku University),, Takayoshi Ogawa (Tohoku
University), Yoshihiro Tonegawa (Hokkaido University)
Session local organizer: Yoshihiro Tonegawa (Hokkaido University)
July 4 (Thu.), 14:00 – 14:25, Room 204
Yoshiyuki Kagei (Kyushu University, Japan)


On time periodic problem of the compressible Navier-Stokes equation

July 4 (Thu.), 14:30 – 14:55, Room 204
Maria Schonbek (University of California, Santa Cruz, USA)
㩷

L2 asymptotic stability of mild Navier-Stokes solutions

July 4 (Thu.), 15:30 – 15:55, Room 204
Senjo Shimizu (Shizuoka University, Japan)
Stability of equilibria for incompressible two-phase flows with phase transitions

July 4 (Thu.), 16:00 – 16:25, Room 204
Diogo Aguiar Gomes (Technical University of Lisbon, Portugal)


Classical solutions of mean-field games

July 5 (Fri.), 14:00 – 14:25, Room 204
Tai-Peng Tsai (University of British Columbia, Canada)


Forward Discretely Self-Similar Solutions of the Navier-Stokes Equations

July 5 (Fri.), 14:30 – 14:55, Room 204
Futoshi Takahashi (Osaka City University, Japan)


Convergence for a 2D elliptic problem with large exponent in nonlinearity

July 5 (Fri.), 15:30 – 15:55, Room 204
Ki-Ahm Lee (Seoul National University, Korea)


Homogenization of Nonlinear Equations in nondivergence type with Neumann data in
Perforated Domains

July 5 (Fri.), 16:00 – 16:25, Room 204
Shigeru Sakaguchi (Tohoku University, Japan)


Fast diffusion and geometry of domain
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Program of Session (L)
(L) Topological Problems in Fluid Dynamics,, Room 108
Organizer: Takashi Sakajo (Kyoto University)
Session local organizer: Tsuyoshi Yoneda (Hokkaido University)

July 1 (Mon.), 14:00 – 14:25, Room 108
Darren G. Crowdy (Imperial College London, UK)
Applications of a new calculus for ideal hydrodynamics



July 1 (Mon.), 14:30 – 14:55, Room 108
Takashi Sakajo (Kyoto University, Japan)
Encoding of streamline topologies for incompressible vortex flows in 2D multiply connected



domains

July 1 (Mon.), 15:30 – 15:55, Room 108
Yoshihiko Mitsumatsu (Chuo University, Japan)
Incompressible fluids on foliated manifolds

July 1 (Mon.), 16:00 – 16:25, Room 108
Alberto Enciso (Instituto de Ciencias Matematicas, Spain)
Knotted vortex tubes in steady solutions to the Euler equation



July 2 (Tue.), 14:00 – 14:25, Room 108
Yasuhide Fukumoto (Kyushu University, Japan)
Energy, pseudomomentum and Stokes drift of inertial waves and their application to



stability of a columnar vortex

July 2 (Tue.), 14:30 – 14:55, Room 108
Jens Kasten (University of Leipzig, Germany)
Using persistence to quantify vortex significance



July 2 (Tue.), 15:30 – 15:55, Room 108
Kyo Yoshida (Tsukuba University, Japan)
Strong turbulence in nonlinear Schrödinger equation



July 2 (Tue.), 16:00 – 16:25, Room 108
Scott D. Kelly (University of North Carolina at Charlotte, USA)
 

Constrained Mechanics and Idealized Models for Aquatic Locomotion via Vortex Shedding
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Program of Session (M)
(M) Mathematical Aspects of Crystal Growth and Image Analysis,, Room 204
Organizerss: Russel Caflisch (Un
niversity of California, Los Angeles),, Yoshikazu
Giga (University of Tokyo)
Session local organizer: Shuichi Jimbo (Hokkaido University)
July 1 (Mon.), 14:00 – 14:25, Room 204
Harald Garcke (University of Regensburg, Germany)


New computational approaches to curvature driven interface evolution with applications to
crystal growth and image analysis

July 1 (Mon.), 14:30 – 14:55, Room 204
Janko Gravner (University of California, Davis, USA)

A mesoscopic model for snow crystal growth
July 1 (Mon.), 15:30 – 15:55, Room 204
Piotr Mucha (Warsaw University, Poland)

Anisotropic models: analysis of at regions of solutions
July 1 (Mon.), 16:00 – 16:25, Room 204
Nao Hamamuki (University of Tokyo)


Asymptotically self-similar solutions to curvature flow equations with prescribed contact
angle

July 2 (Tue.), 14:00 – 14:25, Room 204
Yasumasa Nishiura (Tohoku University, Japan)

Topological approach to pattern formation problems arising in materials science

July 2 (Tue.), 14:30 – 14:55, Room 204
Ji Hui (National University of Singapore, Singapore)

Non-stationary blind image de-deconvolution
July 2 (Tue.), 15:30 – 15:55, Room 204
Chiu-Yen Kao (Claremont McKenna College, USA)

Minimal Convex Combinations of Three Sequential Laplace-Dirichlet Eigenvalues
July 2 (Tue.), 16:00 – 16:25, Room 204
Hidekata Hontani (Nagoya Institute of Technology, Japan)


Multiscale contour shape analysis using the crystalline flow

21

Topics of Poster Presentation
Chairpersons: Tsuyoshi Yoneda (Hokkaido University), Masahiko Shimojo
(Okayama University of Science)
Participants:
I-Kun Chen (National Chiao Tung University, Taiwan)
Boundary singularity of moments for the linearized Boltzmann equation
(related to: Session (D) Kinetic and Hyperbolic Equations)
Yi-Chiuan Chen (National Chiao Tung University, Taiwan)
Abrupt Bifurcations in Chaotic Scattering: view from the anti-integrable limit
(related to: Session (B) Dynamical Systems)
Noboru Chikami (Tohoku University, Japan)
The Cauchy problem for the compressible Navier-Stokes system with a potential term
(related to: Session (K) Elliptic and Parabolic equations)
Kenichi Fujishiro (University of Tokyo, Japan)
Approximate controllability of fractional diffusion equations by interior control
(related to: Session (K) Elliptic and Parabolic equations)
Mitsuhiro Imada (Keio University, Japan)
On Complex Contact Manifolds
(related to: Session (F) Differential Geometry)
Masaki Kasedou (Hokkaido University, Japan)
Differential geometry on submanifolds and singularity theory
(related to: Session (F) Differential Geometry)
Chua Seng Kee (National University of Singapore, Singapore)
Embedding and compact embedding for weighted and abstract Sobolev spaces
(related to: Session (K) Elliptic and Parabolic equations)

23

Hiroshi Matsuzoe (Nagoya Institute of Technology, Japan)
Hessian structures on deformed exponential families and their applications
(related to: Session (F) Differential Geometry)
Monika Muszkieta (Wroclaw University of Technology, Poland)
Two cases of squares evolving by anisotropic diffusion
(related to: Session (M) Mathematical Aspects of Crystal Growth and Image Analysis)
Kei Nishi (Hokkaido University, Japan)
Behaviors of a front-back pulse in some bistable reaction-diffusion system with
heterogeneity
(related to: Session (B) Dynamical Systems)
Frantisek Stampach (Czech Technical University, Czech Republic)
One-parameter generalization of Charlier and Al-Salam-Carlitz polynomials
(related to : Session (A) Special Functions and Orthogonal Polynomials)
Li Zhiyuan (University of Tokyo, Japan)
Initial-boundary value problems for linear diffusion equation with multiple
time-fractional derivatives and application to some inverse problems
(related to: Session (K) Elliptic and Parabolic equations)
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Plenary P1

ON STABILITY OF ONE-DIMENSIONAL DYNAMICS
WEIXIAO SHEN
HOKKAIDO, JULY 2013

In this talk, we shall discuss stability of one-dimensional dynamical systems,
from both topological and measure-theoretical point of view.
A time-discrete dynamical system is represented by a self map f : M → M .
For n ≥ 0, let f n denote the n-th iterate of f . For each x ∈ M , the orbit of x
is deﬁned to be the sequence orb(x) = {f n (x)}∞
n=0 . The theory of dynamical
system studies the orbit structure. Stability, roughly speaking, means that the
global dynamical property remains unchanged under a small perturbation of
the system. It is generally believed that “most” dynamical systems have certain
kind of hyperbolicity which in turn implies stability in a suitable sense.
Structural stability. Let M denote a compact manifold (possibly with
boundary). For each r = 1, 2, . . ., let C r (M ) denote the collection of C r maps
from M to itself, endowed with the C r topology. A map f ∈ C r (M ) is C r structurally stable if there is a neighborhood U of f in C r (M ) such that each
g ∈ U is topologically conjugate to f , i.e. there is a homeomorphism h = hg :
M → M such that h ◦ f = g ◦ h.
Conjecture. (Smale [12]) If a map f ∈ C r (M ) is C r structurally stable, then
it satisﬁes Axiom A.
When dim(M ) ≥ 2, the conjecture was proved in the case r = 1 (for diﬀeomorphisms and ﬂows). In the case dim(M ) = 1, it is completely proved for all
r = 1, 2, . . . by Kozlovski, Shen and van Strien ([7, 8]). Indeed, when r ≥ 2,
Axiom A maps are dense in C r ([0, 1]) and C r (S 1 ). It should be noted that this
result was proved by considering iteration of real polynomials on the complex
plane. Recall that a one-dimensional map f : M → M satisﬁes Axiom A if f
is uniformly expanding outside the attracting basin of periodic attractors.
The complex one-dimensional case (the Fatou conjecture) is still open.
Stochastic stability. Given a map f : M → M , a probability Borel
measure μ on M is called invariant if for any Borel subset B ⊂ M , we have
μ(f −1 (B)) = B. The basin of μ, denote by B(μ), is deﬁned as the set of all
x ∈ M for which
n−1
1
δ i → μ as n → ∞,
n i=0 f (x)

in the weak star topology, where δa denote the Dirac measure at the point
a. An invariant probability measure μ is called physical if B(μ) has positive
Lebesgue measure.
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Let M = [0, 1] or S 1 . We say that f ∈ C r (M ) is weakly stochastic, if there
exist ﬁnitely many physical measures μi , i = 1, 2, . . . , m, such that

m


Leb M \
B(μi )
= 0.
i=1

Furthermore, if for each i, μi is either supported on a periodic attractor or
absolutely continuous, then we say that f is strongly stochastic. It was known
(Jakobson [6]) that strongly stochastic but non-Axiom A maps are abundant
in the measure-theoretical sense.
Conjecture.(Palis [10]) “Most” dynamical systems are strongly stochastic and
stochastically stable in a suitable sense.
This conjecture was veriﬁed for the family of quadratic polynomials (and
for more general unimodal maps with non-degenerate critical points) by Lyubich [9] and Avila-Moreira [3]. Recent works of Avila-Lyubich-Shen [2] and
Avila-Lyubich [1] enable us to extend the result to unimodal maps with higher
order criticality.
For multimodal interval maps, the Palis conjecture is still open. Nevertheless, it was shown by Bruin, Rivera-Letelier, Shen and van Strien [4] that a very
weak large derivatives condition implies the strongly stochastic property and
by Shen [11] that a summability condition implies strongly stochastic stability.
In [5], a strengthened version of the Jakobson’s theorem was proved.
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Aharonov–Bohm eﬀect in resonances
of magnetic Schrödinger operators in two dimensions
Hideo Tamura
In quantum mechanics, a vector potential is said to have a direct signiﬁcance
to particles moving in a magnetic ﬁeld. This quantum eﬀect is known as the
Aharonov–Bohm eﬀect (AB eﬀect) ([1]). We study the AB eﬀect in resonances
through a simple scattering system in two dimensions. The system consists of
three scatterers, one bounded obstacle and two scalar potentials with compact
supports at large separation, where the obstacle is placed between two supports
and shields completely the support of a magnetic ﬁeld. The ﬁeld does not inﬂuence particles from a classical mechanical point of view, but quantum particles
are inﬂuenced by the corresponding vector potential which does not necessarily
vanish outside the obstacle. The resonances are shown to be generated near the
real axis by the trajectories trapped between two supports of the scalar potentials as the distances between the three scatterers go to inﬁnity. The location is
described in terms of the backward amplitudes for scattering by the two scalar
potentials, and it depends heavily on the magnetic ﬂux of the ﬁeld. We also
discuss what happens in the case of two obstacles. This system yields a two
dimensional model of scattering by toroidal solenoids in three dimensions. The
result depends on the location of the obstacles as well as on the ﬂuxes.
We write
H(A, V ) = (−i∇ − A)2 + V =

2


(−i∂j − aj )2 + V,

∂j = ∂/∂xj ,

j=1

for the Schrödinger operator with the vector potential A = (a1 , a2 ) : R2 → R2
and the scalar potential V : R2 → R. The magnetic ﬁeld b : R2 → R associated
with A is deﬁned by
b(x) = ∇ × A(x) = ∂1 a2 − ∂2 a1
−1



and the quantity deﬁned as the integral α = (2π)
b(x) dx is called the magnetic ﬂux of b, where the integration with no domain attached is taken over the
whole space.
Let O ⊂ R2 be a simply connected bounded domain. We assume that O
contains the origin as an interior point and its boundary is smooth. For d ∈ R2 ,
we set
d− = −κ− d, d+ = κ+ d, κ± > 0, κ+ + κ− = 1,
so that d+ − d− = d. The distance |d|
1 is treated as a large parameter, but
ˆ
the direction d = d/|d| is ﬁxed. We consider the self–adjoint operator
Hd = H(A, Vd ) = (−i∇ − A)2 + Vd ,
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over the exterior domain Ω = R2 \O under the zero Dirichlet boundary conditions,
where Vd (x) takes the form
Vd (x) = V−d (x) + V+d (x) = V− (x − d− ) + V+ (x − d+ )
with V± ∈ C0∞ (R2 ), and A is deﬁned as the Aharonov–Bohm potential




A(x) = α −x2 /|x|2 , x1 /|x|2 = α (−∂2 log |x|, ∂1 log |x|)
over Ω. The potential A generates the solenoidal ﬁeld




b = ∇ × A = α ∂12 + ∂22 log |x| = 2παδ(x),
which has the support only at the origin and α as a magnetic ﬂux. Hence the
ﬁeld b = ∇ × A is entirely shielded by the obstacle O, although the corresponding
vector potential A does not necessarily vanish over Ω. The resolvent
R(ζ; Hd ) = (Hd − ζ)−1 : L2 (Ω) → L2 (Ω),

Re ζ > 0, Im ζ > 0,

is meromorphically continued from the upper half plane of the complex plane to
the lower half plane across the positive real axis where the continuous spectrum
of Hd is located. Then R(ζ; Hd ) with Im ζ ≤ 0 is well deﬁned as an operator
from L2comp (Ω) to L2loc (Ω), where L2comp (W ) denotes the space of square integrable
functions with compact support in the closure W of a region W ⊂ R2 and L2loc (W )
denotes the space of locally square integrable functions over W . The resonances of
Hd are deﬁned as the poles of R(ζ; Hd ) in the lower half plane. Roughly speaking,
the resonances near the real axis are almost regarded as positive eigenvalues in
some sense, although Hd has no positive eigenvalues.
One of the obtained results is stated as follows ([2]): The resonances are
approximately determined as the solutions to the equation




ˆ ζ)f+ (dˆ → −d;
ˆ ζ) = 1,
e2ik|d| /|d| cos2 (απ)f− (−dˆ → d;

Im k = Im ζ 1/2 < 0,

ˆ ζ) is deﬁned by analytic extension from the backfor |d|
1, where f± (±dˆ → ∓d;
ˆ E) at energy E > 0 for the Schrödinger
ward scattering amplitude f± (±dˆ → ∓d;
operator
K± = K0 + V± = −Δ + V± , D(K± ) = H 2 (R2 ).
This relation makes sense only when the ﬂux α is not a half–integer.
[1] Y. Aharonov and D. Bohm, Signiﬁcance of electromagnetic potential in the
quantum theory, Phys. Rev., 115 (1959), 485–491.
[2] H. Tamura, Aharonov–Bohm eﬀect in resonances of magnetic Schrödinger
operators in two dimensions, Kyoto J. Math., 52 (2012), 557–595.
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GEOMETRIC CYCLES AND D-BRANES
ALAN L. CAREY

T HIS IS JOINT WORK WITH BAI -L ING WANG
Physical motivation. I will talk about a mathematical interpretation of D-branes in Type II
string theory using B-L Wang’s twisted geometric cycles [Wa].
In string theory D-branes were proposed as a mechanism for providing boundary conditions for the dynamics of open strings moving in space-time. Initially they were thought of
as submanifolds. As D-branes themselves can evolve over time one needs to study equivalence relations on the set of D-branes. An invariant of the equivalence class is the topological charge of the D-brane which should be thought of as an analogue of the Dirac monopole
charge as these D-brane charges are associated with gauge ﬁelds (connections) on vector
bundles over the D-brane. These vector bundles are known as Chan-Paton bundles.
In [MM] Minasian and Moore made the proposal that D-brane charges should take values
in K-groups and not in the cohomology of the space-time or the D-brane. In string theory
there is an additional ﬁeld on space-time known as the H-ﬂux which may be thought of
as a global closed three form. Locally it is given by a family of ‘two-form potentials’
known as the B-ﬁeld. Mathematically we think of these B-ﬁelds as deﬁning a degree three
integral Čech class on the space-time, called a ‘twist’. Witten [Wit], extending [MM], gave
a physical argument for the idea that D-brane charges in the presence of a twist should
take values in twisted K-theory (at least in the case where the twist is a torsion class).
Subsequently Bouwknegt and Mathai [BouMat] extended Witten’s proposal to the nontorsion case using ideas from operator algebra theory.
In this talk I will review the mathematical background. Then I will move to a discussion
of the resolution of Witten’s proposal.
Mathematical issues. From a mathematical perspective some immediate questions arise
from the physical input summarised above. When there is no twist it is well known that
K-theory provides the main topological tool for the index theory of elliptic operators. One
version of the Atiyah-Singer index theorem establishes a relationship between the analytic
viewpoint provided by elliptic differential operators and the geometric viewpoint provided
by the notion of geometric cycle introduced in the fundamental paper of Baum and Douglas
[BD2]. The viewpoint that geometric cycles in the sense of [BD2] are a model for D-branes
in the untwisted case is surveyed in [Sz].
It is thus tempting to conjecture that there is an analogous picture of D-branes as a type of
geometric cycle in the twisted case as well. More precisely we ask the question of whether
there is a way to formulate the notion of ‘twisted geometric cycle’ (generalising[BD2]) so
that it is adapted to the application to string theory. This question was answered in the
afﬁrmative by B-L. Wang [Wa]. It is important to emphasise that string geometry ideas
from [FreWit] played a key role.
In Type II superstring theory on a manifold X, a string worldsheet is an oriented Riemann
surface Σ, mapped into X with ∂Σ mapped to an oriented submanifold M (called a D-brane
world-volume). The theory also has a Neveu-Schwarz B-ﬁeld, a system of local 2-forms on
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X classiﬁed by a characteristic class [α] ∈ H 3 (X, Z) (Čech cohomology) areferred to as a
‘twist’. In physics, the D-brane world volume M carries a connection on a complex vector
bundle (called the Chan-Paton bundle), and thus a D-brane is given by a submanifold M of
X with a complex bundle E and a connection.
For a D-brane M to deﬁne a class in the K-theory of X, its normal bundle νM must be
endowed with a Spinc structure. Equivalently, the embedding ι : M −→ X is such that the
classical push-forward map in K-theory ([AH])
0
ev/odd
(X)
ιK
! : K (M ) −→ K

is well-deﬁned, (it takes values in even or odd K-groups depending on the dimension of M ).
So the D-brane charge of (ι : M → X, E) is given by pushing forward the K-theory class
[E] of E which we write as:
ev/odd
(X).
ιK
! ([E]) ∈ K
When the B-ﬁeld is not topologically trivial, that is [α] = 0, in order to have a welldeﬁned worldsheet path integral, Freed and Witten in [FreWit] showed that the pull back
under the imbedding ι of the twist class in H 3 (X, Z) should equal the third Stiefel-Whitney
class of M , denoted W3 , which in general has to be allowed to be non-trivial so that M is
not necessarily Spinc .
This latter situation is summarised as
(0.1)

ι∗ [α] + W3 (νM ) = 0.

When ι∗ [α] = 0, then the push-forward map in K-theory ([AH])
0
∗
ιK
! : K (M ) −→ K (X)

is not well-deﬁned.
In [Wa], the mathematical meaning of (0.1) was discovered. First of all we need to allow
more general maps ι : M → X than just imbeddings. He uses a generalisation of the
notion of Spinc manifolds for a continuous map α into the classifying space for principal
projective unitary group bundles that represent [α] ∈ H 3 (X, Z).
In Wang’s formulation we see that when M is Spinc , the datum to describe a D-brane is
exactly a Baum-Douglas geometric cycle. For a general manifold X with a twisting α, and
a continuous map ι : M → X with M having non-zero Stieffel-Whitney class, we need
a new concept, which we call an α-twisted Spinc structure on M . Loosely speaking what
Wang shows is that given a twisting α on a smooth manifold X, every twisted K-class is
represented by a twisted geometric cycle supported on a twisted Spinc manifold M and an
ordinary K-class [E] ∈ K 0 (M ). It remains open as to whether this theory can be extended
beyond targets X that are manifolds, a question of interest to topologists.
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From Natural Science to Information Science and Back
Russel Caflisch (UCLA)
ABSTRACT
The arrival of massive amounts of data from imaging, sensors, computation and the internet
brought with it significant challenges for information science. New methods for analysis and
manipulation of big data have come from many scientific disciplines. Most recently, the flow of
ideas has reversed as new information theoretic methods are being harnessed for the natural
sciences. The first example is variational principles, originally developed for mathematical
modeling of physical phenomena but then used for image and data analysis, as in compressed
sensing. The resulting ideas of soft-thresholding and sparsity are now being applied back to
PDEs. A second example is neural nets, which derive from neurological models and form the
basis for deep-learning and related machine learning techniques. These have been remarkably
successful for applications such as voice, handwriting and facial recognition. Recently, machine
learning algorithms have been used to mine datasets of structural and electronic properties for
known materials, in order to predict the corresponding properties of hypothetical materials.
The third, not so new example is entropy, which was developed in thermodynamics and
statistical mechanics, then used by Shannon for analysis of communication channels. Now,
information theoretic entropy is being used for closure of multiscale methods in plasma
physics.
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Point-condensation phenomenon in a reaction-diﬀusion system:
geometry of domain vs. heterogeneity of media
Izumi Takagi
Mathematical Institute, Tohoku University
Abstract:
Turing regarded the Diﬀusion-Driven-Instability as the cause of pattern formation in developmental biology. The diﬀusion-driven instability is the destabilization of a spatially uniform steady state
in a system consisting of chemicals with diﬀerent diﬀusion rates. Following Turing’s idea, Gierer
and Meinhardt proposed an activator-inhibitor system in which the activator concentrates sharply
around ﬁnitely many points in the closure of the domain. We say that such a solution exhibits a
point-condensation phenomenon.
In the limit of inﬁnite diﬀusion rate for the inhibitor, the activator-inhibitor system reduces to
the so-called shadow system, which is essentially a single equation for the activator alone. In this
talk we consider a (single) semilinear elliptic equation with power nonlinearity under homogeneous
Neumann boundary conditions, which is a prototype problem for the activator-inhibitor system.
If the medium is homogeneous and the diﬀusion is isotropic, we have an equation with constant coeﬃcients. It is known that when the diﬀusion coeﬃcient is suﬃciently small, the groundstate solution concentrates around a point on the boundary of the domain and decays exponentially
away from the concentration point. By the ground-state solution, we mean the solution which has
the least energy among positive solutions. As the diﬀusion coeﬃcient tends to zero, the concentration point approaches the maximum point of the mean curvature function of the boundary. Here,
the mean curvature is with respect to the inner normal, so that it is positive when the domain is
convex. In addition to the ground state, solutions concentrating around multiple points in the interior of the domain or on the boundary of domain are found. The location of the concentration
points are determined in terms of the mean curvature functions or solutions of the sphere-packing
problem.
On the other hand, if the medium is heterogeneus, the coeﬃcients in the equation depend
on the spatical variable. Recently the eﬀect of spatial heterogeneity on the patterns in reactiondiﬀusion systems has attracted much attention, but not so many results have appeared on the pointcondensation phenomenon in heterogeneous media. In this talk, we introduce a locator function to
ﬁnd out concentration points and apply it to the ground state. Interestingly, the ground state can
concentrate at an interior point but it occurs only when the global minimum of the locator function
is signiﬁcantly smaller than its minimum over the boundary.
This talk is based mainly on the joint work with Hiroko Yamamoto.
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MINIMAL AND CONSTANT MEAN CURVATURE SURFACES IN THE
THREE-SPHERE: BRENDLE’S PROOF OF THE LAWSON CONJECTURE
BEN ANDREWS

Minimal surfaces (surfaces of least area) and related objects such as constant mean curvature
surfaces have formed a substantial part of the development of the ﬁeld of geometric analysis.
Not only are they beautiful objects with a rich theory spanning partial diﬀerential equations,
calculus of variations and complex analysis, but they have been employed to great eﬀect in eﬀorts
to understand the topology and geometry of manifolds, particularly in three dimensions.
Recently there has been some spectacular progress in this ﬁeld, answering some old questions
about the nature of these surfaces in the simplest possible three-dimensional manifold: The
three-dimensional sphere. Simon Brendle gave a remarkable proof [B] of a conjecture of H. Blaine
Lawson [L1] dating back to the 1970s, that the only embedded minimal
√ torus in the
√ three-sphere
(up to congruence) is the Cliﬀord torus, which is the product S 1 (1/ 2) × S 1 (1/ 2) ⊂ R2 × R2 .
Subsequently Haizhong Li and I used related ideas to give a classiﬁcation of constant mean
curvature embedded tori in the three-sphere, proving in particular a conjecture of Pinkall and
Sterling [PS] that all such surfaces should be axially symmetric.
In this talk I will discuss brieﬂy some of the background to these conjectures, including the
beautiful construction of higher genus embedded minimal surfaces due to Lawson [L2], and the
construction of large numbers of immersed minimal tori using integrable systems [PS]. Then I
will describe one of the new ingredients employed by Brendle, which is a geometric estimate
originating from some recent work of mine on mean curvature ﬂow [A]. Finally, I will explain
how this is used in the proof. If time allows I will also describe the situation for constant mean
curvature tori and some more recent related work on Weingarten tori.
References
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1418.
[B] Simon Brendle, Embedded minimal tori in S 3 and the Lawson conjecture, Acta Math., to appear, available
at arXiv:1203.6597[math.DG].
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, Complete minimal surfaces in S 3 , Ann. of Math. (2) 92 (1970), 335–374.
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[PS] U. Pinkall and I. Sterling, On the classiﬁcation of constant mean curvature tori, Ann. of Math. (2) 130
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Speaker: Doron Lubinsky, Georgia Institute of Technology
Pushing Polynomial Reproducing Kernels to their Non-polynomial
Limit
 jLet μ be a positive Borel measure on the real line, all of whose moments
x dμ (x), j = 0, 1, 2, 3, ... are finite. Then we may form orthonormal polynomials pn (x) = γ n xn +lower powers, γ n > 0, satisfying the orthonormality
relation
pn pm dμ = δ mn .
The nth reproducing kernel is
n−1

Kn (x, t) =

pj (x) pj (t) .
j=0

Its reproducing property is
P (x) =

Kn (x, t) P (t) dμ (t) ,

for polynomials of degree ≤ n − 1. "Along the diagonal" it has an extremal
property that is common to reproducing kernels in all inner product spaces:


2
|P (x)|
Kn (x, x) = sup 
: P is a polynomial of degree ≤ n − 1 .
2
|P | dμ

In the case of orthogonal polynomials, it is especially useful, as it shows that
Kn (x, x) decreases as μ increases. This allows us to compare Kn (x, x) for
diﬀerent measures, and establish asymptotics.
Indeed, it played in a crucial role in a breakthrough 1991 result of Maté,
Nevai, and Totik. They proved that if μ is a measure with support [−1, 1], and
1
if, for example, −1 log μ (x) dx is finite, then for a.e. x in (−1, 1) ,
lim μ (x)

n→∞

Kn (x, x)
1
.
= √
n
π 1 − x2

In mathematical physics, this limit is loosely described as the density of the
states. The asymptotic was subsequently generalized to measures μ with ar1
bitrary compact support on the real line by Totik. In this case, π√1−x
is
2
replaced by the (potential theoretic) equilibrium density for the support of the
measure. There are analogues for measures with non-compact support, and also
for sequences of measures, where we have an nth measure μn at the nth stage.
How do reproducing kernels connect to random matrices? It was the physicist Eugene Wigner who had the idea to model scattering theory for neutrons
oﬀ heavy nuclei, using random Hermitian matrices. He placed a probability distribution P (n) on the eigenvalues of n × n Hermitian matrices. A key statistic
is the m−point correlation function
Rm (x1 , x2, ..., xm ) =

n!
(n − m)!

...

P (n) (x1 , x2 ..., xn ) dxm+1 dxm+2 ...dxn .
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It can be used to measure the number of m−tuples of eigenvalues lying in a
given set. Under appropriate assumptions on the underlying measure, there is
the remarkable identity


Rm (x1 , x2, ..., xm ) = det
μ (xi ) μ (xj )Kn (xi , xj )
.
1≤i,j≤m

The universality limit in the bulk asserts that for x in the interior of the support
of μ, and real a1 , a2 , ..., am , we have


a1
1
am
x
+
R
,
...,
x
+
lim
m m
n→∞ μ (x) Kn (x, x)
μ (x) Kn (x, x)
μ (x) Kn (x, x)


sin π (ai − aj )
= det
.
π (ai − aj )
1≤i,j≤m
Because Rm is the determinant of an m × m matrix, and m is fixed in this limit,
this reduces to the limit for each entry, namely, for real a, b,


Kn x + μ (x)Kan (x,x) , x + μ (x)Kbn (x,x)
sin π (a − b)
lim
=
.
(1)
n→∞
Kn (x, x)
π (a − b)
Thus, an assertion about the distribution of eigenvalues of random matrices
has been reduced to a technical limit involving orthogonal polynomials. The
right-hand side is independent of x, and the underlying measure μ, which well
justifies the name universality limit.
This limit has been established for a very wide range of measures μ, with
compact and non-compact support, and for varying measures, where μ changes
as n does. In Wigner’s original case, the so-called Gaussian unitary ensemble,
2
μ (x) was a scaled Hermite weight e−nx at the nth stage. Techniques of proof
include asymptotics for classical orthogonal polynomials, and the ChristoﬀelDarboux formula, Riemann-Hilbert methods, and more recently, classical tools
from orthogonal polynomials. The limit itself has also given new insight into
spacing of zeros of orthogonal polynomials. It is still unresolved how universal
is universality, that is what is the full range of measures μ for which is is true?
We’ll discuss this.
Is it an accident that the famous sinc kernel
S (t) =

sin πt
πt

arises in (1)? It appears in so many contexts, most notably in the sampling
theorem of signal processing. Of course it is scarcely surprising that the scaled
limit of reproducing kernels for polynomials is a reproducing kernel for some
space. We’ll explain why it is S (a − b), the reproducing kernel for Paley-Wiener
space. We’ll also discuss Lp analogues of Kn (x, x), and their universality limits.
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Quantum symmetry in homological representations of braid groups
and hypergeometric integrals
Toshitake Kohno (The University of Tokyo)
The notion of braid groups was introduced by E. Artin in 1920’s. Especially
after the discovery of the Jones polynomial in the middle of 1980’s braid groups
have appeared in various areas of mathematics such as quantum groups, number theory and conformal ﬁeld theory. In the beginning of 2000’s S. Bigelow
and D. Krammer investigated homological representations of braid groups and
independently showed that these representations are faithful.
In this talk I will focus on the following developments concerning braid
groups.
• correspondence between homological representations and monodromy
of KZ connection
• quantum group symmetry and hypergeometric integrals
• description of KZ connection as Gauss-Manin connection
• the image and the kernel of the action of mapping class groups on the
space of conformal blocks
For a space X we we deﬁne the conﬁguration space of ordered distinct n
points in X as
Fn (X) = {(x1 , · · · , xn ) ∈ F n | xi = xj , i = j}.
We deﬁne the conﬁguration space of unordered distinct n points in X as
Cn (X) = Fn (X)/Sn where the symmetric group Sn acts as the permutation
of n points.
In the case X is the complex plane C the fundamental group π1 (Cn (C)) is
by deﬁnition the braid group with n strands denoted by Bn . The fundamental
group π1 (Fn (C)) is called the pure braid group with n strands and is denoted
by Pn .
Let us ﬁrst explain the construction of homological representations of braid
groups. We ﬁx a set of distinct n points in C and take a 2-dimensional disk D
in C containing Q in the interior. We ﬁx a positive integer m and consider the
conﬁguration space Fn,m (D) = Fm (D \ Q). We set Cn,m (D) = Fn,m (D)/Sm .
We have H1 (Cn,m (D); Z) ∼
= Z⊕n ⊕ Z and consider the abelian covering Cn,m (D)
corresponding to the map
α : H1 (Cn,m (D); Z) −→ Z ⊕ Z
deﬁned by α(x1 , · · · , xn , y) = (x1 + · · · + xn , y). The group of deck transformation is Z ⊕ Z and the homology group Hn,m = Hm (Cn,m (D); Z) is considered
as the module over the ring of Laurent polynomials R = Z[q ±1 , t±1 ]. It can be
shown that Hm,n is a free R-module. We obtain a representation of the braid
group
ρn,m : Bn −→ AutR Hn,m
which is called the homological representation of the braid group.
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On the other hand, we have the following construction of ﬂat connections on
the conﬁguration space Xn = Fn (C) associated with a complex semi-simple Lie
algebra g and its representations. We set Ω = μ Iμ ⊗Iμ . Let ri : g → End(Vi ),
1 ≤ i ≤ n, be representations of the Lie algebra g. We denote by Ωij the action
of Ω on the i-th and j-th components of the tensor product V1 ⊗ · · · ⊗ Vn . We
deﬁne the Knizhnik-Zamolodchikov (KZ) connection as the 1-form
1 
ω=
Ωij d log(zi − zj )
κ 1≤i<j≤n
with values in End(V1 ⊗ · · · ⊗ Vn ) for a non-zero complex parameter κ. A
horizontal section of the above ﬂat bundle is a solution of the total diﬀerential
equation dϕ = ωϕ for a function ϕ(z1 , · · · , zn ) with values in V1 ⊗ · · · ⊗ Vn .
As the above holonomy of the connection ω we have a one-parameter family
of linear representations of the pure braid group θ : Pn → GL(V1 ⊗ · · · ⊗ Vn ).
For a complex number λ we denote by Mλ the Verma module of sl2 (C) with
highest weight λ. For Λ = (λ1 , · · · , λn ) ∈ Cn we put |Λ| = λ1 + · · · + λn and
consider the tensor product Mλ1 ⊗ · · · ⊗ Mλn . For a non-negative integer m
we deﬁne the space of weight vectors with weight |Λ| − 2m by
W [|Λ| − 2m] = {x ∈ Mλ1 ⊗ · · · ⊗ Mλn | Hx = (|Λ| − 2m)x}
and consider the space of null vectors deﬁned by
N [|Λ| − 2m] = {x ∈ W [|Λ| − 2m] | Ex = 0}.
We have the following comparison theorem.
Theorem 0.1. There exists an open dense subset U in (C∗ )2 such that for
(λ, κ) ∈ U the homological representation ρn,m with the specialization
q = e−2π

√

−1λ/κ

,

t = e2π

√

−1/κ

is equivalent to the monodromy representation of the KZ connection θλ,κ with
values in the space of null vectors
N [nλ − 2m] ⊂ Mλ⊗n .
For the proof we use the description of the horizontal sections of the KZ connection by hypergeometric integrals due to V. Schechtman and A. Varchenko.
By looking at the action of the quantum group on the homology of local systems
we recover the quantum symmetry on the monodromy of the KZ connection
due to V. G. Drinfel’d and myself. In the case of conformal ﬁeld theory the
parameters κ and λ are special. We can deﬁne the action of the braid group
on the space of conformal blocks, which is a quotient space of the above space
of null vectors and the KZ connection has a description as a Gauss-Mannin
connection. This corresponds to representations of quantum groups at roots
of unity. We study the structure of the image and the kernel of the action of
braid groups and mapping class groups and get interesting series of ﬁnite index
subgroups of mapping class groups. This part is a joint work with L. Funar.
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%HLQJOLNH6DNDPRWR+D\DWR/HFWXUHUVDV
SURIHVVLRQDOV


%LOO%DUWRQ7KH8QLYHUVLW\RI$XFNODQG

$EVWUDFW㸸
7KHEHVWSURIHVVLRQDOVHVSHFLDOO\WKRVHDWWKHWRSRIWKHLUJDPHVSHQGDORWRIWLPH
LPSURYLQJ-XVWDVSHRSOHSD\WRZDWFKEDVHEDOOVWDUVVRGRVWXGHQWVSD\WRFRPHWR
XQLYHUVLW\DQGEHWDXJKWE\XV7KH\DUHSD\LQJIRUWKHEHVWHGXFDWLRQWKH\FDQEX\$UH
WKH\JHWWLQJLWRUDUHWKH\JHWWLQJWKHVDPHHGXFDWLRQZHKDYHJLYHQVWXGHQWVIRUPDQ\
\HDUV":KDWDUHZHGRLQJWRHQVXUHWKDWWKHTXDOLW\RIRXUFRXUVHVLVFRQWLQXLQJWR
LPSURYH"+RZFDQZHJRDERXWLPSURYLQJXQGHUJUDGXDWHPDWKHPDWLFVGHOLYHU\WRRXU
VWXGHQWV":KDWDUHWKHSULQFLSOHVEHKLQGXQLYHUVLW\WHDFKLQJRIPDWKHPDWLFV":KDW
SUDFWLFDOVWHSVFDQZHWDNHLQRXUYHU\IXOOOLYHV

,ZLOOFRQVLGHUVRPHLQQRYDWLYHSUDFWLFHVDQGVRPHSURIHVVLRQDOGHYHORSPHQW
SURJUDPPHVIRUXQLYHUVLW\PDWKHPDWLFVVWDII0RUHWKDQWKDW,ZLOOLQYLWHWKHDXGLHQFH
WRFRQVLGHUWKHLUSUDFWLFHDVSURIHVVLRQDOVVRWKDWZHFDQDOORIIHUDEHWWHUHGXFDWLRQWKDQ
HYHUEHIRUH
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Stieltjes-Wigert Polynomials and the q-Airy Function
Y. T. Li and R. Wong∗

Abstract
Asymptotic formulas are derived for the Stieltjes-Wigert polynomials Sn (z; q) in
the complex plane, with the q-Airy function Aq (z) being used as the approximant.
One formula holds in any disc centered at the origin, and the other holds outside any
smaller disc centered at the origin; the two regions together cover the whole plane. For
x > 1/4, a limiting relation is also established between the q-Airy function Aq (x) and
the ordinary Airy function Ai(x) as q → 1.

∗

The speaker.
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Exponentially-accurate uniform asymptotic approximations
for integrals and Bleistein’s method revisited
A. B. Olde Daalhuis
Maxwell Institute and School of Mathematics, King’s Buildings, The University of
Edinburgh, Edinburgh EH9 3JZ, UK

We obtain new uniform asymptotic approximations for integrals with a relatively exponentially small
remainder via a surprisingly simple method. We illustrate how these results can be used to obtain remainder
estimates in the so-called Bleistein method. Our new method is created to deal with integrals of the form
fa,b (λ, ζ) =

1
Γ(b)



∞
0

tb−1 e−λt
a G(t) dt,
(1 + t/ζ)

where (λ) > 0, (b) > 0 and |ph (ζ)| < π. For these integrals the usual methods for remainder estimates
fail.
As an application of our results we show that
Γ(λ)
2 F1
Γ(λ + b)



a, b
; −z
λ+b



b −aζ



∼ζ e

eζ − 1
ζ


+ ζb

a+b−1

U (b, b − a + 1, λζ)
 ζ
a+b−1 
e −1
−aζ
1−e
U (b, b − a + 2, λζ) ,
ζ

as λ → ∞ in |ph
 λ|  π/2 uniformly for large |z|. In this result, a and b are ﬁxed complex constants and
ζ = ln 1 + z −1 . For the notation of the hypergeometric function and the Kummer-U function see chapters
13 and 15 in the DLMF. Note that this result is a generalisation of the well-known limit

lim 2 F1

c→∞

a, b
; −cx
c





= x−b U b, b − a + 1, x−1 .

54

Session（A） 3

Ratio asymptotics and zero distribution for multiple
orthogonal polynomials
Walter Van Assche
University of Leuven
Belgium
Abstract
The asymptotic behavior of the ratio of orthogonal polynomials
can be obtained from the three term recurrence relation and involves a
quadratic equation. We give the asymptotic behavior of the ratio of two
neighboring multiple orthogonal polynomials under the condition that
the recurrence coeﬃcients in the nearest neighbor recurrence relations
converge. This will involve an algebraic function of higher degree. The
asymptotic distribution of the zeros can be obtained from the ratio
asymptotics. We illustrate the result for some families of multiple
orthogonal polynomials (multiple Hermite, multiple Laguerre, multiple
Charlier, multiple Meixner, Jacobi-Piñeiro).
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On the turning point problem for Painlevé
equations with a large parameter
Yoshitsugu Takei
Research Institute for Mathematical Sciences
Kyoto University, Japan
In this talk we will discuss the turning point problem for Painlevé equations (PJ )
(J = I, . . . , VI) with a large parameter.
As is well known, a second order linear ordinary diﬀerential equation is transformed
to the Airy equation near a simple turning point. In a similar manner, it is transformed
to the Weber equation and to the Whittaker equation near a double turning point and
near a simple pole, respectively. Our purpose is to generalize these results to Painlevé
equations.
In [1] we proved that any Painlevé equation (PJ ) is transformed to the ﬁrst Painlevé
equation (PI ) near a simple turning point. To be more speciﬁc, every formal instantontype solution (or transseries solution) of (PJ ) is transformed to that of the ﬁrst Painlevé
equation near its simple turning point. This result can be considered as a counterpart
of the above result for a second order linear diﬀerential equation near a simple turning
point. Then, what are the counterparts of the above results near a double turning point
and a simple pole? Our answer to this question is given by the following
Theorem 1. Near a double turning point every formal instanton-type solution of (PJ ) is
transformed to that of the (degenerate) second Painlevé equation.
Theorem 2. Near a simple pole every formal instanton-type solution of (PJ ) is transformed to that of the third Painlevé equation of type (D8), that is, the most degenerate
third Painlevé equation.
In the talk we will explain the precise meaning of these theorems and also some recent
results related to them.

References
[1] T. Kawai and Y. Takei, WKB analysis of Painlevé transcendents with a large parameter. III, Adv. Math., 134(1998), 178–218.
[2] Y. Takei, On the turning point problem for instanton-type solutions of Painlevé equations, Asymptotics in Dynamics, Geometry and PDEs; Generalized Borel Summation,
Vol. 2, Edizioni della Normale, 2011, pp. 255–274.
[3] Y. Takei, On the role of the degenerate third Painlevé equation of type (D8) in the
exact WKB analysis, RIMS Kôkyûroku Bessatsu, B37(2013), 211–222.
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On the relationship between the Painlevé equations
and semi-classical orthogonal polynomials
Peter A. Clarkson
School of Mathematics, Statistics and Actuarial Science,
University of Kent, Canterbury, CT2 7NF, UK
Email: P.A.Clarkson@kent.ac.uk
Abstract
In this talk I will be concerned with the relationship between the Painlevé equations and
orthogonal polynomials with respect to semi-classical weights. It is well-known that orthogonal polynomials satisfy a three-term recurrence relation and for some semi-classical weights,
these coefﬁcients in the recurrence relation can be expressed in terms of solutions of a Painlevé
equation. I will show that the coefﬁcients in these recurrence relations can be expressed in
terms of Wronskians of special functions which arise in the description of classical solutions
of Painlevé equations.
Speciﬁcally I shall discuss orthogonal polynomials with respect to a semi-classical Laguerre weight and variations of the Freud weight. For these orthogonal polynomials, the
coefﬁcients in the three-term recurrence relations can be expressed in terms of Wronskians
of parabolic cylinder functions that arise in connection with special function solutions of the
fourth Painlevé equation.
I shall also discuss semi-classical generalizations of the Charlier and Meixner polynomials,
which are discrete orthogonal polynomials whose recurrence coefﬁcients can be expressed in
terms of Wronskians of modiﬁed Bessel functions and conﬂuent hypergeometric functions
(equivalently Kummer or Whittaker functions), respectively. These Wronskians arise in the
description of special function solutions of the third and ﬁfth Painlevé equations.
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The tacnode Riemann-Hilbert problem
Arno Kuijlaars, KU Leuven, Belgium
arno.kuijlaars@wis.kuleuven.be
Painlevé transcendents arise as special functions in an increasing number of
models in mathematical physics and probability theory. A basic example is the
appearance of Painlevé II in the description of the Tracy-Widom distribution
for the largest eigenvalue of a random matrix.
The tacnode is a critical phenomenon for non-intersecting one-dimensional
Brownian motions with prescribed starting and ending points. One can adjust
parameters so that the Brownian motions ﬁll out two tangent ellipses in the
time-space plane. Local correlations at the tacnode were recently described in
two diﬀerent ways, namely on the one hand with Airy resolvent functions [1], [4],
[5], and on the other hand with a Riemann Hilbert problem [3]. The connection
between the two sets of formulas was found by Delvaux [2] and depends on an
explicit solution of the tacnode Riemann-Hilbert problem in terms of functions
related to Painlevé II, see [6].
[1] M. Adler, P.L. Ferrari, and P. van Moerbeke, Non-intersecting random walks
in the neighborhood of a symmetric tacnode, arXiv:1007.1163.
[2] S. Delvaux, The tacnode kernel: equality of Riemann-Hilbert and Airy resolvent formulas, arXiv:1211.4845.
[3] S. Delvaux, A.B.J. Kuijlaars and L. Zhang, Critical behavior of non-intersecting
Brownian motions at a tacnode, Comm. Pure Appl. Math. 64 (2011), 1305–
1383.
[4] P. Ferrari and B. Vető, Non-colliding Brownian bridges and the asymmetric
tacnode process, Electron. J. Probab. 17 (2012), 1–17.
[5] K. Johansson, Non-colliding Brownian motions and the extended tacnode
process, Comm. Math. Phys. 319 (2013), 231267.
[6] A.B.J. Kuijlaars, The tacnode Riemann-Hilbert problem, arXiv:1304.6227.
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$FRQQHFWLRQSUREOHPIRUOLQHDUTGLIIHUHQFHHTXDWLRQVUHODWHGWRWKHT
3DLQOHYll9,HTXDWLRQ
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DUHFXELFVXUIDFHVVDWLVILHGE\PRQRGURP\LQYDULDQWVSOD\DQLPSRUWDQWUROH
WRVWXG\QRQOLQHDUFRQQHFWLRQSUREOHPV,QWKLVWDONZHVKRZDTDQDORJXH
RIDFKDUDFWHUYDULHW\IRUWKHT3DLQOHYl9,HTXDWLRQIRXQGE\-LPERDQG
6DNDL:HVKRZDZHDN5LHPDQQ+LOEHUWFRUUHVSRQGHQFHIRUTOLQHDU
HTXDWLRQVLQWKHVHQVHRI*'%LUNRII
7KLVLVDMRLQWZRUNZLWK-HDQ3LHUUH5DPLVDQG-DFTXHV6DXOR\LQ7RXORXVH
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Plancherel-Rotach asymptotic expansion for some
polynomials from indeterminate moment problems
Dan Dai
May 22, 2013
Abstract
We study the Plancherel–Rotach asymptotics of four families of orthogonal polynomials, the Chen–Ismail polynomials, the Berg–Valent polynomials, the Conrad–
Flajolet polynomials I and II. All these polynomials arise in indeterminate moment
problems and three of them are birth and death process polynomials with cubic
or quartic rates. We employ a diﬀerence equation asymptotic technique due to
Wang and Wong. Our analysis leads to a conjecture about large degree behavior of polynomials orthogonal with respect to solutions of indeterminate moment
problems.
This is joint work with Mourad E.H. Ismail and Xiang-Sheng Wang.
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(TXLOLEULXPVWDWHVDQGODUJHGHYLDWLRQSULQFLSOHVIRU
RQHGLPHQVLRQDOPDSVXQGHUDZHDNK\SHUEROLFLW\DVVXPSWLRQ 

-XDQ(GXDUGR5LYHUD/HWHOLHU 3RQWLILFLD8QLYHUVLGDG&DWROLFDGH&KLOH&KLOH 
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WKHWKHUPRG\QDPLFIRUPDOLVPIRU+ROGHUFRQWLQXRXVSRWHQWLDOV:HVKRZWKDWUDWKHUXQH[SHFWHGO\
VXFKDPDSKDVQRSKDVHWUDQVLWLRQV7KHSUHVVXUHIXQFWLRQLVUHDODQDO\WLFRQWKHVSDFHRI+ROGHU
FRQWLQXRXV SRWHQWLDOV DQG HYHU\ +ROGHU FRQWLQXRXV SRWHQWLDO KDV D XQLTXH HTXLOLEULXP VWDWH 7KLV
ODVWIDFWWRJHWKHUZLWKYDULRXVIRUPXODVWRFRPSXWHWKHSUHVVXUHIXQFWLRQDOORZVXVWRDSSO\.LIHU V
PHWKRGWRREWDLQDIXOOOHYHOODUJHGHYLDWLRQSULQFLSOHIRUSHULRGLFSRLQWVLWHUDWHGSUHLPDJHVDQG
%LUNKRIIDYHUDJHV7KLVLVDMRLQWZRUNZLWK+XDLELQ/L
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2QSDUDPHWHUORFLRIWKH+pQRQIDPLO\
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$EVWUDFW 
,QWKLVWDON,ZLOOUHSRUWP\RQJRLQJSURMHFWZLWK=LQ$UDL +RNNDLGR8QLYHUVLW\ 7KH
SXUSRVHRIRXUFROODERUDWLRQLVWRFKDUDFWHUL]HWKHK\SHUEROLFKRUVHVKRHORFXVDQGWKH
PD[LPDOHQWURS\ORFXVRIWKH+pQRQIDPLO\GHILQHGRQ5A2XUEDVLFVWUDWHJ\LVWR
H[WHQGWKH+pQRQPDSDVZHOODVWKHSDUDPHWHUVSDFHWR&ADQGLQYHVWLJDWHLWVFRPSOH[
G\QDPLFDODQGFRPSOH[DQDO\WLFSURSHUWLHV:HDOVRHPSOR\LQWHUYDODULWKPHWLFWRYHULI\
FHUWDLQQXPHULFDOFULWHULDZKLFKLPSO\FRPELQDWRULDODQGG\QDPLFDOFRQVHTXHQFHV
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:HQ+XDQJ &KLQHVH8QLYHUVLW\RI6FLHQFHDQG7HFKQRORJ\&KLQD 

$EVWUDFW 
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WKHUHLVDPHDVXUHWKHRUHWLFDOO\UDWKHUELJVHWVXFKWKDWWKH=QVWDEOHVHWRIDQ\SRLQW
IURPWKHVHWFRQWDLQVD0\FLHOVNL/L<RUNHFKDRWLFDOVHWXQGHU=Q
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2QWKH0LQNRZVNLGLPHQVLRQVRIPXOWLGLPHQVLRQDO
DQGFRXSOHGPXOWLSOLFDWLYHV\VWHPV


-XQJ&KDR%DQ 1DWLRQDO'RQJ+ZD8QLYHUVLW\7DLZDQ 

$EVWUDFW 
7KLVWDONLQYHVWLJDWHVDPXOWLSOLFDWLYHLQWHJHUV\VWHPXVLQJDPHWKRGWKDWZDVGHYHORSHG
IRUVWXG\LQJSDWWHUQJHQHUDWLRQSUREOHPV7KHHQWURS\DQGWKH0LQNRZVNLGLPHQVLRQV
RIJHQHUDOPXOWLSOLFDWLYHV\VWHPVFDQWKXVEHFRPSXWHG$PXOWLGLPHQVLRQDOGHFRXSOHG
V\VWHPLVLQYHVWLJDWHGLQWKUHHPDLQVWHSV , LGHQWLI\WKHDGPLVVLEOHODWWLFHVRIWKH
V\VWHP ,, FRPSXWHWKHGHQVLW\RIFRSLHVRIDGPLVVLEOHODWWLFHVRIWKHVDPHOHQJWKDQG
,,, FRPSXWHWKHQXPEHURIDGPLVVLEOHSDWWHUQVRQWKHDGPLVVLEOHODWWLFHV$FRXSOHG
V\VWHPFDQEHGHFRXSOHGE\UHPRYLQJWKHPXOWLSOLFDWLYHUHODWLRQVHWDQGWKHQ
SHUIRUPLQJSURFHGXUHVVLPLODUWRWKRVHDSSOLHGWRDGHFRXSOHGV\VWHP7KHDGPLVVLEOH
ODWWLFHVDUHFKRVHQWREHWKHPD[LPXPJUDSKVRIGLIIHUHQWGHJUHHVZKLFKDUHPXWXDOO\
LQGHSHQGHQW7KHHQWURS\FDQEHREWDLQHGDIWHUWKHUHPDLQLQJHUURUWHUPLVVKRZQWR
DSSURDFK]HURDVWKHGHJUHHRIWKHDGPLVVLEOHODWWLFHWHQGVWRLQILQLW\
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3UHYDOHQFHRIQRQXQLIRUPK\SHUEROLFLW\DWWKHILUVW
ELIXUFDWLRQRI+pQRQOLNHIDPLOLHV
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/\DSXQRYH[SRQHQWVRIDOOLQYDULDQWHUJRGLF%RUHOSUREDELOLW\PHDVXUHVDUH
XQLIRUPO\ERXQGHGDZD\IURP]HURXQLIRUPO\RYHUDOOWKHSDUDPHWHUV
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2QWKHPRQRGURP\DQGELIXUFDWLRQVRI
WKH+pQRQPDS
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$EVWUDFW
,QWKLVWDONZHGLVFXVVWKHVWUXFWXUHRIWKHSDUDPHWHUVSDFHRIWKHFRPSOH[+pQRQPDS
2XUPDLQWRROLVWKHPRQRGURP\UHSUHVHQWDWLRQWKDWDVVLJQVDQDXWRPRUSKLVPRIWKHIXOO
VKLIWWRHDFKORRSLQWKHK\SHUEROLFSDUDPHWHUORFXV$VVXPLQJWKDWWKHUHH[LVWLQILQLWHO\
PDQ\QRQ:LHIHULFKSULPHQXPEHUV LWVXIILFHVWRDVVXPHWKHDEFFRQMHFWXUH ZH
VKRZWKDWDXWRPRUSKLVPVFRQWDLQHGLQWKHLPDJHRIWKHPRQRGURP\UHSUHVHQWDWLRQPXVW
VDWLVI\6LJQ*\UDWLRQ&RPSDWLELOLW\&RQGLWLRQ7KLVDOJHEUDLFFRQGLWLRQLPSRVHV
VRPHJHRPHWULFUHVWULFWLRQVRQWKHVWUXFWXUHRIWKHSDUDPHWHUVSDFH
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7KHVWDQGDUGWHQWPDSDQGEDNHUPDSDUHRIWHQLQWURGXFHGDVILUVWH[DPSOHVRIFKDRWLF
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REYLRXVWKDWWKHDYHUDJHSRVLWLRQRUEDU\FHQWHURIJHQHULFRUELWVIRUWKHVHPDSVLV
3HULRGLFRUELWVDUHH[FHSWLRQDORUELWVLQWKHVHQVHWKDWPRVWRIWKHPKDYHEDU\FHQWHUV
GLIIHUHQWIURP,QWKLVWDONZHGLVFXVVVRPHLQWHUHVWLQJSURSHUWLHVDERXWWKHLU
EDU\FHQWHUVHWSURYLGHVRPHSDWWHUQVRISHULRGLFRUELWVZLWKWKHVDPHEDU\FHQWHUDQG
GLVFXVVVRPHUHODWHGRSHQTXHVWLRQV 
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Periodic Orbits of Hamiltonian Systems: Beyond the Conley
Conjecture
Viktor Ginzburg
University of California, Santa Cruz, USA
Abstract: How few periodic orbits can the Reeb ﬂow have, when the contact form gives rise to the standard contact structure on a sphere? Can it
have just one closed orbit? In this talk we discuss how methods from Hamiltonian dynamics, originally developed for the proof of the Conley conjecture,
translate to the realm of Reeb ﬂows to answer or at least to shed some light
on these kinds of questions.
In particular, we prove, drawing from a joint work of the speaker with
Hein, Hryniewicz and Macarini, that the existence of one simple closed Reeb
orbit of a particular type (a symplectically degenerate maximum) forces the
Reeb ﬂow to have inﬁnitely many periodic orbits. We use this result to give
a diﬀerent proof of a recent theorem of Cristofaro-Gardiner and Hutchings
asserting that every Reeb ﬂow on the standard contact three-sphere has at
least two periodic orbits. (This approach together with several other ingredients leads to a more or less purely symplectic proof of the existence
of inﬁnitely many geodesics on the two-sphere.) We also discuss the eﬀect
of hyperbolic ﬁxed points on the dynamics of Hamiltonian diﬀeomorphisms
following a recent work of the speaker and Gürel.
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A Γ-structure on the Lagrangian Grassmannian
Urs Frauenfelder

∗

March 1, 2013
This is joint work with Peter Albers and Jake Solomon. Given standard
symplectic vector space (R2n , ω0 ) the Lagrangian Grassmannian L = L (n) is
deﬁned to be the manifold consisting of all Lagrangian subspaces of (R2n , ω0 ).
The Lagrangian Grassmannian can also be identiﬁed with the homogenous space
U (n)/O(n). Alternatively, we think of the Lagrangian Grassmannian as the
space consisting of all linear, orthogonal antisymplectic involutions. Indeed,
given an antisymplectic involution, the ﬁxed point set is a Lagrangian subspace
and this map identiﬁes the two descriptions. Now thinking of points of the
Lagrangian Grassmanian as linear, orthogonal, antisymplectic involutions we
can deﬁne a product on the Lagrangian Grassmannian
Θ : L ×L → L,

(R, S) → RSR.

Our main result is that for n odd, this product endows the Lagrangian Grassmannian with the structure of a Γ-manifold.
The notion of a Γ-manifold goes back to Hopf. Assume that M is a closed,
orientable, connected manifold and Θ : M × M → M a smooth map which we
think of as a product. If x ∈ M plugging x into the left entry of Θ we get a map
Θx := Θ(x, ·) : M → M which has a degree deg Θx ∈ Z. Since M is connected,
by invariance of the mapping degree under homotopies we see that deg Θx is
independent of the choice of x and we set (Θ) := deg(Θx ). Similarly, we can
plug in x to the right entry of Θ and we get a degree r(Θ) ∈ Z again independent
of the choice of the point x. The left and right degree however do not need to
agree. For example if Θ is a projection then one degree is zero while the other
one is one. Now the tuple (M, Θ) is called a Γ-manifold if both degrees (Θ and
r(Θ) are diﬀerent from zero. Note that this condition rules out trivial products
like constant maps or projections to a factor. The interest in the existence of
a Γ-structure comes from the discovery of Hopf that a Γ-structure endows the
cohomology ring of the manifold with a Hopf algebra structure and therefore
gives interesting topological information on the manifold. In particular, our
main result allows us to recover some results by Fuks on the cohomology ring
of the Lagrangian Grassmannian in the context of Hopf algebras.

∗ Seoul

National University and University of Muenster
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1RQGLVSODFHDEOH/DJUDQJLDQVXEPDQLIROGV


.DRUX2QR
5HVHDUFK,QVWLWXWHIRU0DWKHPDWLFDO6FLHQFHV.\RWR8QLYHUVLW\


$EVWUDFW 
,ZLOOUHYLHZVRPHFULWHULDIRUQRQGLVSODFHDEOLW\RI/DJUDQJLDQVXEPDQLIROGVDQGJLYH
VRPHH[DPSOHVHJDFHUWDLQ/DJUDQJLDQWRUXVLQWKHRQHSRLQWEORZXSRID
V\PSOHFWLFDOO\DVSKHULFDOPDQLIROG 
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6<=WUDQVIRUPDWLRQIRUFRLVRWURSLF$EUDQHV


1DLFKXQJ&RQDQ/HXQJ&KLQHVH8QLYHUVLW\RI+RQJ.RQJ


$EVWUDFW 
.DSXVWLQ/LREVHUYHGWKDW/DJUDQJLDQF\FOHVDORQHLVQRWHQRXJKIRUPLUURUV\PPHWU\
IRU&DODEL<DXPDQLIROGVDZD\IURP/&6/DQGWKH\LQWURGXFHGWKHQRWLRQRI
FRLVRWURSLF$EUDQHV,QWKHVHPLIODWFDVH<L=KDQJDQG,VKRZHGUHFHQWO\WKDWWKH6<=
WUDQVIRUPDWLRQRI%EUDQHVDUHSUHFLVHO\JLYHQE\FRLVRWURSLF$EUDQHV,QWKLVWDON,
ZLOOH[SODLQWKLVZRUN
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6\PSOHFWLFFRKRPRORJ\DQGGXDOLW\IRUWKH
ZUDSSHG)XND\DFDWHJRU\

6KHHO*DQDWUD6WDQIRUG8QLYHUVLW\86$

$EVWUDFW
&RQVLGHUWKHZUDSSHG)XND\DFDWHJRU\:RIDFROOHFWLRQRIH[DFW/DJUDQJLDQVLQD
/LRXYLOOHPDQLIROG8QGHUDQRQGHJHQHUDF\FRQGLWLRQLPSO\LQJWKHH[LVWHQFHRI
HQRXJK/DJUDQJLDQVZHVKRZWKDWQDWXUDOJHRPHWULFPDSVIURPWKH+RFKVFKLOG
KRPRORJ\RI:WRV\PSOHFWLFFRKRPRORJ\DQGIURPV\PSOHFWLFFRKRPRORJ\WRWKH
+RFKVFKLOGFRKRPRORJ\RI:DUHLVRPRUSKLVPVLQDPDQQHUFRPSDWLEOHZLWKULQJDQG
PRGXOHVWUXFWXUHV7KLVLVDFRQVHTXHQFHRIDPRUHJHQHUDOGXDOLW\IRUWKHZUDSSHG
)XND\DFDWHJRU\ZKLFKVKRXOGEHWKRXJKWRIDVDQRQFRPSDFWYHUVLRQRID&DODEL<DX
VWUXFWXUH
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FINITE GROUP ACTIONS AND LAGRANGIAN FLOER THEORY
HANSOL HONG

This is joint work with Cheol-hyun Cho.

We construct a ﬁnite group action on the Lagrangian Floer theory when a symplectic
manifold has a ﬁnite group action. For this, we ﬁrst develop G-Novikov Morse theory. Then,
we introduce a notion of a spin proﬁle of a Lagrangian submanifold and deﬁne group actions
on Floer cochain complexes for pairs of Lagrangian submanifolds with the same spin proﬁles.
If time permits, we will also explain the case of Fukaya-Seidel category when the Lefschetz
ﬁbration is invariant under the group action on the total space of the ﬁbration.
Department of Mathematical Sciences, Seoul National University, San 56-1, Shinrimdong,
Gwanakgu, Seoul 47907, Korea
E-mail address: hansol84@snu.ac.kr
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%ROW]PDQQHTXDWLRQDQG*UHHQ¶V
IXQFWLRQIRUVKRFNSURILOHV


6KLMLQ'HQJ6KDQJKDL-LDR7RQJ8QLYHUVLW\


7KH$EVWUDFW 
,QWKLVWDONZHZLOOGLVFXVVKRZWRFRQVWUXFWWKH*UHHQ¶VIXQFWLRQIRUVKRFNSURILOHVRI
YLVFRXVFRQVHUYDWLRQODZLQKLJKGLPHQVLRQEDVHGRQWKH*UHHQ¶VIXQFWLRQIRUWKH
%ROW]PDQQHTXDWLRQ
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&ROOLVLRQRSHUDWRURI%ROW]PDQQHTXDWLRQ
-LQ&KHQJ-LDQJ1DWLRQDO7VLQJ+XD8QLYHUVLW\

$EVWUDFW,QWKLVWDONZHZLOOGLVFXVVVRPHIXQGDPHQWDOLVVXHVRIWKHFROOLVLRQRSHUDWRU
RIWKH%ROW]PDQQHTXDWLRQ:HVKRXOGUHYLHZWKHGHULYDWLRQRIFROOLVLRQNHUQHOILUVW
7KHQZHGLVFXVVWKHLVVXHVRFFXUULQJLQWKHFODVVLFDOGHULYDWLRQRIFROOLVLRQNHUQHOIRU
WKHORQJUDQJHSRWHQWLDODQGVRPHDQVZHUVWRWKHVHLVVXHV,IWLPHDOORZHGZHZLOODOVR
SUHVHQWVRPHSURJUHVVLQXQGHUVWDWLQJRIVPRRWKLQJHIIHFWRIWKHFROOLVLRQRSHUDWRUIRU
WKHKDUGVSKHUHPRGHO 
㻌
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*DV'\QDPLFVDQG.LQHWLF7KHRU\6RPH+LVWRULFDO3HUVSHFWLYHV



7DL3LQJ6WDQIRUG8QLYHUVLW\


$EVWUDFW 
:HZLOOIRFXVRQVRPHNH\LVVXHVLQWKHJDVG\QDPLFVDQGWKHNLQHWLFWKHRU\$PRQJWKH
WRSLFVWREHPHQWLRQHGDUHWKHRULJLQRIPRGHUQWKHRU\RIK\SHUEROLFFRQVHUYDWLRQODZVWKH
UHQDLVVDQFHRIDQDO\WLFDOVWXG\RIPXOWLGLPHQVLRQDO(XOHUHTXDWLRQVDQGUHFHQWFRQQHFWLRQWR
WKHNLQHWLFWKHRU\:HZLOOFRQVLGHUWKHVHLVVXHVIURPWKHKLVWRULFDOSRLQWRIYLHZ
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6RPHDSSOLFDWLRQVRIV\PPHWU\UHODWLRQVIRUWKH
VWHDG\XQVWHDG\OLQHDUL]HG%ROW]PDQQHTXDWLRQ



6KLJHUX7DNDWD.\RWR8QLYHUVLW\


$EVWUDFW
:HZLOOJLYHDUHYLHZRIWKHV\PPHWU\UHODWLRQVIRUWKHVWHDG\XQVWHDG\OLQHDUL]HG
%ROW]PDQQHTXDWLRQIRUDUDUHILHGJDVWKDWKROGIRUDUELWUDU\.QXGVHQQXPEHUV
7KHWDONZLOOLQFOXGHDEULHILQWURGXFWLRQRIWKHFRQFHSWRIWKHUHODWLRQVVRPHVSHFLILF
UHODWLRQVWKDWDUHSUHGLFWHGIURPWKHGHYHORSHGWKHRU\DQGWKHLUQXPHULFDO
GHPRQVWUDWLRQDQGDSURSRVDORIDQDSSURDFKWRDKDUGSUREOHPE\VROYLQJDQHDVLHU
DGMRLQWSUREOHPE\XVLQJWKHV\PPHWU\UHODWLRQV
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6PRRWKLQJHIIHFWIRUWKHKRPRJHQHRXV
%ROW]PDQQ(TXDWLRQ


7RQJ<DQJ&LW\8QLYHUVLW\RI+RQJ.RQJ


$EVWUDFW 
,QWKLVWDONZHZLOOSUHVHQWRXUUHFHQWZRUNVDERXWWKHVPRRWKLQJHIIHFWRQZHDN
VROXWLRQVWRWKHKRPRJHQHRXV%ROW]PDQQHTXDWLRQZLWKRXWDQJXODUFXWRII 
)LUVWO\LQDMRLQWZRUNZLWK$OH[DQGUH0RULPRWR8NDL;XZHVKRZWKDWHYHU\
/AZHDNVROXWLRQZLWKILQLWHPRPHQWVRIDOORUGHUDFTXLUHV&ALQIW\UHJXODULW\LQ
DQ\SRVLWLYHWLPH$QGWKHQLQDMRLQWZRUNZLWK0RULPRWRZHVKRZWKDW9LOODQL
FRQMHFWXUHKROGVIRUWKH0D[ZHOOLDQPROHFXOHW\SHFURVVVHFWLRQ7KDWLVDQ\ZHDN
VROXWLRQZLWKPHDVXUHLQLWLDOGDWXPH[FHSWDVLQJOH'LUDFPDVVDFTXLUHV
&ALQIW\UHJXODULW\LQDQ\SRVLWLYHWLPH+HUHWKHFRHUFLYLW\HVWLPDWHSOD\VDQ
LPSRUWDQWUROH,QSDUWLFXODUWRSURYH9LOODQLFRQMHFWXUHDQHZWLPHGHJHQHUDWH
FRHUFLYLW\HVWLPDWHLVJLYHQ
 7KHUHVHDFKZDVVXSSRUWHGLQSDUWE\WKH*HQHUDO5HVHDUFK)XQGRI+RQJ.RQJ
&LW\8
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9LVFRXVZDYHSURSDJDWLRQDWLQWHUIDFH


6KLK+VLHQ<X 1DWLRQDO8QLYHUVLW\RI6LQJDSRUH6LQJDSRUH 


$EVWUDFW
,QWKLVWDONZHLPSOHPHQWWKH/<DOJRULWKPWRGHULYHDWZRVLGHGPDVWHUUHODWLRQVKLS
7KLVJLYHVULVHWKHRSHUDWRUWRFRQVWUXFWWKHVXUIDFHZDYHDWWKHLQWHUIDFHDQGWKH
FRQVWUXFWLRQRIWKH*UHHQ VIXQFWLRQRIDVLPSOHYDULDEOHFRHFLHQWSUREOHPIRUYLVFRXV
FRQVHUYDWLRQODZV
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Lp-scattering and uniform stability of kinetic equations
Seung-Yeal Ha,

Dept. of Math., Seoul National University
Abstract

In this talk, we will review recent progress on the Lp -scattering and uniform stability
of several kinetic equations with self-consistent forces. For the Vlasov equation with
a self-consistent force, we will show that the Coulomb’s potential in three dimensions
is critical in the sense that if spatial dimension is larger than three, there exists a
L1 -scattering, whereas for low dimensions less than equal to three, there is no L1 scattering. We also present a framework for the Lp -stability of kinetic equations. This
is a joint work with Sun-Ho Choi (NUS) and Qinghua Xiao (SNU).
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9DID:LWWHQLQHTXDOLW\DQG3RLQFDUH
GXDOLW\LQQRQFRPPXWDWLYHJHRPHWU\



5DSKDHO3RQJH6HRXO1DWLRQDO8QLYHUVLW\


$EVWUDFW
7KHLQHTXDOLW\RI9DID:LWWHQSURYLGHVXVZLWKDERXQGRQWKHILUVWHLJHQYDOXHRID
'LUDFRSHUDWRUZLWKFRHIILFLHQWLQDQ\+HUPLWLDQYHFWRUEXQGOH
7KHUHPDUNDEOHIHDWXUHRIWKLVLQHTXDOLW\LVWKHIDFWWKDWWKHERXQGGHSHQGRQO\RQWKH
PDQLIROGQRWRQWKHGDWXPRIWKH+HUPLWLDQYHFWRUEXQGOH,QWKHIUDPHZRUNRI
QRQFRPPXWDWLYHJHRPHWU\WKHUROHRIPDQLIROGVLVSOD\HGE\VSHFWUDOWULSOHV,QRUGHUWR
GHDOZLWKVRPHW\SH,,,JHRPHWULFVLWXDWLRQV HJQRQLVRPHWULFJURXSDFWLRQVRQ
PDQLIROGV &RQQHV0RVFRYLFLLQWURGXFHGWZLVWHGVSHFWUDOWULSOHV7KHPDLQDLPRIWKLV
WDONLVWRSUHVHQWDYHUVLRQRI9DID:LWWHQLQHTXDOLW\IRUWZLVWHGVSHFWUDOWULSOHV
LQFOXGLQJWZLVWHGVSHFWUDORQWKHQRQFRPPXWDWLYHWRUXVDVVRFLDWHGWRFRQIRUPDOZHLJKWV
$QLPSRUWDQWLQJUHGLHQWRIWKHSURRILVDYHUVLRQRI3RLQFDU HGXDOLW\IRUWZLVWHG
VSHFWUDOWULSOH  -RLQWZRUNZLWK+DQJ:DQJ0DWKHPDWLFDO6FLHQFH&HQWHU7VLQJKXD
8QLYHUVLW\%HLMLQJ 
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9LUWXDOQHLJKERUKRRGWHFKQLTXHIRU
SVHXGRKRORPRUSKLFVSKHUHV
%DL/LQJ:DQJ$XVWUDOLDQ1DWLRQDO8QLYHUVLW\

$EVWUDFW 
7KHPDLQDQDO\WLFDOGLIILFXOW\LQGHILQLQJWKH*URPRY:LWWHQLQYDULDQWVIRU
JHQHUDOV\PSOHFWLFPDQLIROGVLVWKHIDLOXUHRIWKHWUDQVYHUVDOLW\RIWKHFRPSDFWLILHG
PRGXOLVSDFHRISVHXGRKRORPRUSKLFFXUYHV7KHIRXQGDWLRQWRUHVROYHWKLVLVVXHLVWR
FRQVWUXFWDYLUWXDOIXQGDPHQWDOF\FOHIRUWKHFRPSDFWLILHGPRGXOLVSDFH)RUVPRRWK
SURMHFWLYHYDULHWLHVWKHFRQVWUXFWLRQRIWKLVYLUWXDOIXQGDPHQWDOF\FOHZDVFDUULHGRXWE\
/L7LDQ)RUJHQHUDOV\PSOHFWLFPDQLIROGVWKHYLUWXDOIXQGDPHQWDOF\FOHZDV
FRQVWUXFWHGE\)XND\D2QR/L7LDQ/LX7LDQ5XDQSURSRVHGDYLUWXDOQHLJKERUKRRG
WHFKQLTXHDVDGXDODSSURDFKXVLQJWKH(XOHUFODVVRIDYLUWXDOQHLJKERUKRRGLQ
ZKLFKWKHFRPSDFWLILHGPRGXOLVSDFHLVD]HURVHWRIDVPRRWKVHFWLRQRIDILQLWH
GLPHQVLRQDORUEILROGYHFWRUEXQGOHVRYHUDQRSHQRUELIROGV

)XUWKHUGHYHORSPHQWVLQ*URPRY:LWWHQWKHRU\DQGLWVDSSOLFDWLRQVUHTXLUHGLIIHUHQWLDO
VWUXFWXUHVRQWKHVHPRGXOLVSDFHVLQYROYHG6RPHRIWKHDQDO\WLFDOGHWDLOVKDYHEHHQ
SURYLGHGE\5XDQ/L5XDQDQG)XND\D2K2KWD2QR2WKHUPHWKRGVOLNHWKHSRO\IROG
WKHRU\E\+RIHU:\VRFNL=HKQGHUDUHGHYHORSHGWRGHDOZLWKWKLVLVVXH,QDUHFHQWMRLQW
ZRUNZLWK%RKXL&KHQDQG$QPLQ/LZHLPSOHPHQWWKHIXOOPDFKLQHU\RIYLUWXDO
QHLJKERUKRRGWHFKQLTXHWRWKH*URPRY:LWWHQWKHRU\XVLQJYLUWXDOPDQLIROGRUELIROGV
GHYHORSHGE\&KHQ7LDQ7KLVSURYLGHVDQDOWHUQDWLYHDSSURDFKWRHVWDEOLVK
GLIIHUHQWLDEOHVWUXFWXUHRQPRGXOLVSDFHVDULVLQJIURPWKH*URPRY:LWWHQLQYDULDQWV,Q
WKLVVKRUWWDON,H[SODLQKRZWKLVPHWKRGFDQEHDSSOLHGWRWKHJHQXV*URPRY:LWWHQ
WKHRU\E\UHVROYLQJWKHDQDO\WLFDOLVVXHRIWKHQRQGLIIHUHQWLDEOH36/ & DFWLRQ
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/DJUDQJLDQ)ORHUWKHRU\DQGPLUURU
V\PPHWU\RQFRPSDFWWRULFPDQLIROGV


.DRUX2QR
5HVHDUFK,QVWLWXWHIRU0DWKHPDWLFDO6FLHQFHV.\RWR8QLYHUVLW\



$EVWUDFW 
,ZLOOH[SODLQKRZ/DJUDQJLDQ)ORHUWKHRU\IRUWRUXVILEHUVLQDFRPSDFWWRULFPDQLIROG
LVJRYHUQHGE\WKHVRFDOOHGSRWHQWLDOIXQFWLRQDIWHUMRLQWZRUNVE\)XND\D2K2KWD
DQGP\VHOI ,ZRXOGDOVROLNHWRPHQWLRQDJHQHUDWLRQFULWHULRQIRU)XND\DFDWHJRU\
DQGLQSDUWLFXODUWKH)XND\DFDWHJRU\RIDFRPSDFWWRULFPDQLIROGLVVSOLWJHQHUDWHGE\
REMHFWVFRUUHVSRQGLQJWRFULWLFDOSRLQWVRIWKHSRWHQWLDOIXQFWLRQEDVHGRQRXU
)222 MRLQWZRUNZLWK$ERX]DLG  
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0LUURU0DSDV*HQHUDWLQJ)XQFWLRQRI
,QWHUVHFWLRQ1XPEHUV


0DVDR-LQ]HQML+RNNDLGR8QLYHUVLW\



$EVWUDFW 
,Q WKLV WDON ZH GLVFXVV JHRPHWULF FRQVWUXFWLRQ RI WKH PLUURU PDS XVHG LQ WKH PLUURU
FRPSXWDWLRQ RI *URPRY:LWWHQ LQYDULDQWV :H UHFRQVWUXFW WKH PLUURU PDS DV D
JHQHUDWLQJ IXQFWLRQRILQWHUVHFWLRQQXPEHUVRIWKHPRGXOLVSDFHRIKRORPRUSKLFPDSV
FRPSDFWLILHGE\FKDLQVRITXDVLPDSV:HDOVRDSSO\WKLVIRUPDOLVPWRFRPSXWHVRPH
RSHQ*URPRY:LWWHQLQYDULDQWV 
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Mickelsson’s twisted K-theory invariant
Kiyonori Gomi
Department of Mathematical Sciences, Shinshu University
Twisted K-theory, being a topological K-theory with certain local coeﬃcients, was invented by Donovan-Karoubi and also by Rosenberg. This notion
is originally applied to a generalization of the Thom isomorphism theorem, and
recently to mathematical physics. For example, in the context of string theory,
twisted K-theory is thought of as home of Ramond-Ramond charges of D-branes
with background B-ﬁelds.
Mickelsson’s invariant is an invariant of some odd twisted K-classes on 3manifolds [1]. The point of this invariant is that it detects some torsion elements,
in contrast to the Chern character, which detects all the non-torsion elements
but no non-torsion elements.
The theme of my talk is a reformulation of Mickelsson’s invariant: For its
account, we denote by KP1 (M ) the odd twisted K-group of a manifold M ,
where P is a principal bundle whose structure group is the projective unitary
group P U (H) = U (H)/U (1) of a separable inﬁnite dimensional Hilbert space H.
Such a principal bundle is classiﬁed by a cohomology class h(P ) ∈ H 3 (M, Z).
Then there is a simplest odd twisted K-theory invariant, namely, a natural
homomorphism μ1 : KP1 (M ) → H 1 (M, Z).
Theorem 1. For any principal P U (H)-bundle P on a manifold M , there is a
natural homomorphism
μ3 : Kerμ1 −→ H 3 (M, Z)/(Tor + h(P ) ∪ H 0 (M, Z)),
where Tor is the torsion subgroup. The homomorphism recovers original Mickelsson’s invariant if M is compact, oriented, connected and 3-dimensional.
The homomorphism μ3 , which is constructed by using a Čech-de Rham
cocycle, factors through a homomorphism in computing the Atiyah-Hirzebruch
spectral sequence. By the help of this factorization and a computation of μ3 ,
we can reproduce the known result that KP1 (SU (3)) ∼
= Z/h in the case that
h = h(P ) ∈ H 3 (SU (3), Z) ∼
= Z is odd.

References
[1] J. Mickelsson, Twisted K theory invariants. Lett. Math. Phys. 71 (2005),
no. 2, 109–121.
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,QGH[JHUEHDQGGLIIHUHQWLDO.WKHRU\

6L\H:X8QLYHUVLW\RI+RQJ.RQJ

$EVWUDFW
:HGLVFXVVUHVXOWVRQGHWHUPLQDQWOLQHEXQGOHVRI%LVPXW)UHHG4XLOOHQDQG:LWWHQ
WKHQRWLRQRILQGH[JHUEHGXHWR&DUH\0LFNHOVVRQ0XUUD\DQG/RWWDQGWKHUHFHQW
LQGH[WKHRUHPRI)UHHG/RWWLQGLIIHUHQWLDO.WKHRU\7KHQZHVKRZE\FDOFXODWLRQVLQ
GLIIHUHQWLDO.WKHRU\WKDWIRUDIDPLO\RI5LHPDQQLDQPDQLIROGVRIRGGGLPHQVLRQVWKH
LQGH[LQWKHRGGGLIIHUHQWLDO.JURXSPDSVWRWKH'HOLJQHFRKRPRORJ\FODVVRIWKH
LQGH[JHUEH7KLVLVDMRLQWZRUNZLWK90DWKDL
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%UDXHUFDWHJRU\DQGIXQGDPHQWDOWKHRUHPV
RIFODVVLFDOLQYDULDQWWKHRU\



5%=KDQJ8QLYHUVLW\RI6\GQH\

$EVWUDFW
$VWULFWPRQRLGDOFDWHJRU\UHIHUUHGWRDVWKH%UDXHUFDWHJRU\LVLQWURGXFHGDQGDSSOLHG
WRVWXG\WKHLQYDULDQWWKHRU\RIWKHRUWKRJRQDODQGV\PSOHFWLFJURXSV)XOOWHQVRU
IXQFWRUVDUHFRQVWUXFWHGIURPWKH%UDXHUFDWHJRU\WRWKHFDWHJRULHVRIWHQVRU
UHSUHVHQWDWLRQVRIWKHVHJURXSV7KLVOHDGVWRDJHQHUDOL]DWLRQRIWKHILUVWDQGVHFRQG
IXQGDPHQWDOWKHRUHPVRILQYDULDQWWKHRU\WRDFDWHJRU\WKHRUHWLFDOVHWWLQJWKDWHQDEOHV
XVWRFRQVWUXFWSUHVHQWDWLRQVIRUWKHHQGRPRUSKLVPDOJHEUDVRIWKHWHQVRU
UHSUHVHQWDWLRQV7KLVLVMRLQWZRUNZLWK*XV/HKUHU 

5HIHUHQFHV
  *,/HKUHUDQG5%=KDQJ7KHVHFRQGIXQGDPHQWDOWKHRUHPRILQYDULDQWWKHRU\
IRUWKHRUWKRJRQDOJURXS$QQDOVRI0DWKHPDWLFV   
  *,/HKUHUDQG5%=KDQJ7KH%UDXHU&DWHJRU\DQG,QYDULDQW7KHRU\
DU;LY
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0RQRGURP\JURXSVRIFRQIRUPDOILHOGWKHRU\


7RVKLWDNH.RKQR 7KH8QLYHUVLW\RI7RN\R 

$EVWUDFW
7KHUHLVDQDFWLRQRIWKHPDSSLQJFODVVJURXSVRQWKHVSDFHRIWKHFRQIRUPDOEORFNVIRU
5LHPDQQVXUIDFHVGHILQHGE\PRQRGURP\:HJLYHDTXDOLWDWLYHHVWLPDWHIRUWKHLPDJHV
RIVXFKUHSUHVHQWDWLRQVRIPDSSLQJFODVVJURXSV,QSDUWLFXODUZHVKRZWKDWWKHLPDJH
RIDQ\-RKQVRQVXEJURXSFRQWDLQVDQRQDEHOLDQIUHHJURXS,QWKHFDVHRIEUDLGJURXSV
ZHGHVFULEHWKHPRQRGURP\JURXSLQUHODWLRQZLWKWULDQJOHJURXSV%DVHGRQWKH
HVWLPDWHRIWKHPRQRGURP\JURXSVZHJLYHDQDQVZHUWRFRQMHFWXUHVE\6TXLHURQ
%XUDXUHSUHVHQWDWLRQVRIEUDLGJURXSV7KLVLVDMRLQWZRUNZLWK/RXLV)XQDU
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$QHZPHWKRGRIFRQVWUXFWLQJPHWULFVRQ
VXUIDFHVZKLFKPD[LPL]HWKHILUVWHLJHQYDOXH 

5LFKDUG6FKRHQ6WDQIRUG8QLYHUVLW\



$EVWUDFW 
7KH SUREOHP RI ILQGLQJ VKDUS XSSHU ERXQGV RQ WKH ILUVW HLJHQYDOXH IRU 5LHPDQQLDQ
VXUIDFHV KDV D ORQJ KLVWRU\ :H ZLOO GHVFULEH D QHZ PHWKRG IRU FRQVWUXFWLQJ VPRRWK
PD[LPL]LQJPHWULFVERWKIRUFRPSDFWVXUIDFHVDQGIRUVXUIDFHVZLWKERXQGDU\ 
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Self-Shrinkers of the Mean Curvature Flow in
Euclidean Space with Arbitrary Codimension
Haizhong Li (Tsinghua University, Beijing)

Abstarct: In this talk, we will report our results about self-shrinkers
of the mean curvature ﬂow in Euclidean space with arbitrary codimension, which include: lower volume growth estimates for self-shrinkers; classiﬁcation and rigidity of self-shrinkers; the diameter estimate of compact
shrinkers; gap theorems of self-shrinkers and F -stability for self-shrinkers.
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2QYDULDWLRQDOFKDUDFWHUL]DWLRQVRIH[DFW
VROXWLRQVLQJHQHUDOUHODWLYLW\


6XPLR<DPDGD 7RKRNX8QLYHUVLW\-DSDQ 

$EVWUDFW ,QWKLVWDON,ZLOOUHSRUWRQWKHSURJUHVVRIDMRLQWSURMHFWZLWK0DUFXV.KXUL
DQG*LOEHUW:HLQVWHLQZKHUHZHLQWURGXFHDQHZFKDUDFWHUL]DWLRQRIWKHH[DFWVROXWLRQV
WR WKH (LQVWHLQ 0D[ZHOO HTXDWLRQ QDPHO\ WKH 5HLVVQHU1RUGVWURP PHWULFV DQG WKH
0DMXPGDU3DSDSHWURX PHWULFV 7KRVH PHWULFV DUH FKDUDFWHUL]HG DV VDWXUDWLQJ D VHW RI
LQHTXDOLWLHVRIWHQFDWHJRUL]HGDVWKH3HQURVHW\SH LQHTXDOLWLHVZKHUHVHYHUDO YHUVLRQV
KDYH EHHQ SURYHG DV WKH 3RVLWLYH 0DVV 7KHRUHP DQG WKH 5LHPDQQLDQ 3HQURVH
,QHTXDOLW\
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&DXFK\'DWDRI9DFXXP(LQVWHLQ(TXDWLRQV
(YROYLQJWR%ODFN+ROHV



3LQ<X 7VLQJKXD8QLYHUVLW\&KLQD 



$EVWUDFW 
:H VKRZ WKH H[LVWHQFH RI FRPSOHWH DV\PSWRWLFDOO\ IODW &DXFK\ LQLWLDO GDWD IRU WKH
YDFXXP (LQVWHLQ ILHOG HTXDWLRQV IUHH RI WUDSSHG VXUIDFHV ZKRVH IXWXUH GHYHORSPHQW
PXVW DGPLW D WUDSSHG VXUIDFH 0RUHRYHU WKH GDWXP LV H[DFWO\ D FRQVWDQW WLPH VOLFH LQ
0LQNRZVNL VSDFHWLPH LQVLGH DQG H[DFWO\ D FRQVWDQW WLPH VOLFH LQ .HUU VSDFHWLPH
RXWVLGH 7KH SURRI PDNHV XVH RI WKH IXOO VWUHQJWK RI &KULVWRGRXORX V ZRUN RQ WKH
G\QDPLFDOIRUPDWLRQRIEODFNKROHVDQG&RUYLQR6FKRHQ VZRUNRQWKHFRQVWUXFWLRQVRI
LQLWLDOGDWDVHW
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7KH:LOOPRUHIORZLQ5LHPDQQLDQVSDFHV 

*OHQ:KHHOHU 8QLYHUVLW\RI:ROORQJRQJ$XVWUDOLD 


$EVWUDFW 
,QWKLVWDON,ZLOOGHWDLOUHFHQWGHYHORSPHQWVRQWKH:LOOPRUHIORZRIVXUIDFHVLQ 
PDQLIROGVZLWKDSUHVFULEHG5LHPDQQLDQVWUXFWXUH,IWKLVVWUXFWXUHLVIODWWKHQORFDO 
SDUDEROLFUHJXODULW\IRU GDWDLQWHUPVRIWKHORFDO /AQRUPRIWKHVHFRQGIXQGDPHQWDO
IRUPLVFRQWDLQHGLQ.XZHUWDQG6FKDHW]OH VSUHYLRXVZRUNRQWKH:LOOPRUHIXQFWLRQDO
,I WKHUH LV VRPH DPELHQW FXUYDWXUH WKHQ VHYHUDO SUREOHPV DULVH WKH HYROXWLRQ RI NH\
JHRPHWULF TXDQWLWLHV EHFRPHV PRUH FRPSOH[ DQG WRROV VXFK DV WKH 6REROHY LQHTXDOLW\
DUHHLWKHULQYDOLG RUKROG RQO\LQ VSHFLDO FLUFXPVWDQFHV8VLQJDQHZFRQFHQWUDWLRQRI
DUHD PHWKRG ZH DUH DEOH WR UHFRYHU DQ DQDORJXH RI .XZHUW DQG 6FKDHW]OH V ORFDO
SDUDEROLF UHJXODULW\ WKHRUHP :H SUHVHQW RQH DSSOLFDWLRQ \LHOGLQJ D JOREDO H[LVWHQFH
UHVXOWLQFHUWDLQDPELHQWVSDFHV7KLVLVMRLQWZRUNZLWK-DQ0HW]JHUDQG9DOHQWLQD0LUD
:KHHOHU
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$QHTXDWLRQOLQNLQJ:HQWURS\ZLWKUHGXFHGYROXPH

*XR\L;X 7VLQJKXD8QLYHUVLW\&KLQD 


$EVWUDFW:HQWURS\DQGUHGXFHGYROXPHIRU5LFFLIORZZHUHLQWURGXFHGE\3HUHOPDQ
ZKLFK KDG SURYHG WKHLU LPSRUWDQFH LQ WKH VWXG\ RI 5LFFL IORZ /HL 1L VWXGLHG WKH
DQDORJRXV FRQFHSWV IRU KHDW HTXDWLRQ RQ VWDWLF PDQLIROGV DQG SURYHG DQ HTXDWLRQ
ZKLFK OLQNV WKH ODUJH WLPHEHKDYLRU RI WKHVH WZR 'XH WR WKH VXUSULVLQJ VLPLODULW\
EHWZHHQWKRVHFRQFHSWVLQWKH5LFFLIORZDQGWKHOLQHDUKHDWHTXDWLRQDQDWXUDOTXHVWLRQ
ZKHWKHUVXFKHTXDWLRQKROGVIRUWKH5LFFLIORZDQFLHQWVROXWLRQZDVDVNHGE\/HL1L,Q
WKLVWDONZHVKRZDSURRIRI/HL1L VHTXDWLRQEDVHGRQDQHZPHWKRG$QGIROORZLQJ
WKHVDPHSKLORVRSK\RIWKLVPHWKRGZHDQVZHU/HL1L VTXHVWLRQSRVLWLYHO\IRUW\SH,
NVROXWLRQVRI5LFFLIORZ
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Some topological problems and computational methods
in the theory of braids and related groups
Mario Salvetti
Department of Mathematics
University of Pisa, Italy

The topological theory of Braid groups has been developed in connection
with several important subjects, including homotopy theory and singularity
theory. From the point of view of cohomological calculations, the theory can
be developed in a very similar way for the whole class of groups usually called
Artin groups. Each of these groups has some (ﬁnite or inﬁnite) Coxeter group as
quotient, which acts freely over a conﬁguration space which is the complement
to an hyperplane arrangement. The orbit space of this action has the original
Artin group as its fundamental group.
Many calculations has been performed, starting from the 70’s for the trivial
cohomology of the braid group and of the Artin groups of ﬁnite type.
The explicit construction of CW -complexes over which the orbit space contracts give algebraic complexes computing the twisted cohomology of these
groups. In particular, many calculations where produced for abelian local systems over the module of Laurent polynomial. This is a very important module,
whose cohomology is strictly related to the (trivial) cohomology of the associated Milnor ﬁber.
We give here some new way to do computations, especially related to typical
(even if not old) methods in Combinatorics. We make particular use of some
variation of the so called Discrete (or Combinatorial) Morse Theory and we show
how the twisted cohomology of the Artin groups can be unexpectedly related to
the cohomology of certain graph complexes, which can be computed by using
purely combinatorial methods.
The introduction of an interesting class of weighted sheaves over posets, being
an interesting object by itself, constitutes the bridge between the cohomological
theory of Artin groups and combinatorics.
We introduce a spectral sequence associated to such sheaves and we show
how discrete (algebraic) Morse theory ﬁts into this theory to allow explicit
computations. In particular, besides the case of braid groups, we give explicit
cohomology for other groups, including many aﬃne type Artin groups.
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7RSRORJ\RI&RPPXWLQJ0DWULFHV


$OHMDQGUR$GHP 8QLYHUVLW\RI%ULWLVK&ROXPELD&DQDGD 


$EVWUDFW

/HW*GHQRWHD/LHJURXS,QWKLVWDONZHZLOOSUHVHQWUHFHQWUHVXOWVRQWKHKRPRWRS\
DQGFRKRPRORJ\RIFHUWDLQFODVVLI\LQJVSDFHVEXLOWRXWRIFRPPXWLQJHOHPHQWVLQ*
0RGHOVIRUWKHVHVSDFHVZLOOEHJLYHQZKLFKLQYROYHKRPRWRS\FROLPLWVRYHU
WRSRORJLFDOSRVHWV:HZLOOGHVFULEHFRKRPRORJ\FDOFXODWLRQVIRUWKHFDVHRIWKHJHQHUDO
OLQHDUJURXSVRYHUWKHFRPSOH[QXPEHUVXVLQJPXOWLV\PPHWULFSRO\QRPLDOV7KLVLV
MRLQWZRUNZLWK-RVp0DQXHO*yPH]
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Milnor ﬁbers of real line arrangements
Masahiko Yoshinaga
Hokkaido University, Japan
email: yoshinaga@math.sci.hokudai.ac.jp
Let Q(x, y, z) ∈ C[x, y, z] be a homogeneous polynomial of degree n + 1.
The variety F = Q−1 (1) ⊂ C3 is called the Milnor ﬁber of the hypersurface
X = Q−1 (0) ⊂ C3 . The Milnor ﬁber F is preserved by the scalar multiplication
(x, y, z) −→ (ζx, ζy, ζz), where ζ = e2πi/(n+1) . It induces an automorphism
ρ : F −→ F , so called the Monodromy automorphism. Obviously ρn+1 =
id. The homology H1 (F, C) equipped with the automorphism induced by the
monodromy ρ is an important object. Indeed it is related to several topological
invariants (e.g., Local system homology groups, Alexander polynomial of the
fundamental group, the number of certain plane curves passing through the
prescribed points, and so on).
n+1
In this talk, we will discuss the case that Q = i=1 αi splits into the product
n+1
of linear forms of real coeﬃcients. Then Q−1 (0) = i=1 Hi is a line arrangement
2
in the projective plane RP . We will give a new algorithm which computes
the monodromy eigen spaces of H1 (F, C) in terms of real and combinatorial
structures of chambers. We also give a new upper bound of the dimension of
the eigen spaces and several conjectures.
This talk is based on the preprint “Milnor ﬁbers of real line arrangements”.
arXiv:1301.1430
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7KHIUHHQHVVRILGHDOVXEDUUDQJHPHQWVRI
:H\ODUUDQJHPHQWV


+LURDNL7HUDR+RNNDLGR8QLYHUVLW\

$EVWUDFW
$:H\ODUUDQJHPHQWLVWKHDUUDQJHPHQWGHILQHGE\WKHURRWV\VWHPRIDILQLWH:H\O
JURXS:KHQDVHWRISRVLWLYHURRWVLVDQLGHDOLQWKHURRWSRVHWZHFDOOWKH
FRUUHVSRQGLQJDUUDQJHPHQWDQLGHDOVXEDUUDQJHPHQW2XUPDLQWKHRUHPDVVHUWVWKDWDQ\
LGHDOVXEDUUDQJHPHQWLVDIUHHDUUDQJHPHQWDQGWKDWLWVH[SRQHQWVDUHJLYHQE\WKHGXDO
SDUWLWLRQRIWKHKHLJKWGLVWULEXWLRQ,QSDUWLFXODUZKHQDQLGHDOVXEDUUDQJHPHQWLVHTXDO
WRWKHHQWLUH:H\ODUUDQJHPHQWRXUPDLQWKHRUHP\LHOGVWKHFHOHEUDWHGIRUPXODE\
6KDSLUR6WHLQEHUJ.RVWDQWDQG0DFGRQDOG2XUSURRIRIWKHPDLQWKHRUHPKHDYLO\
GHSHQGVRQWKHWKHRU\RIIUHHDUUDQJHPHQWVDQGWKXVJUHDWO\GLIIHUVIURPWKHHDUOLHU
SURRIVRIWKHIRUPXOD 7KLVZRUNZDVGRQHZLWK7DNXUR$EH0RKDPHG%DUDNDW
0LFKDHO&XQW]7RUVWHQ+RJH 
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6RPHPDSVRXWRIVSDFHVRIHPEHGGLQJV


5\DQ%XGQH\ 8QLYHUVLW\RI9LFWRULD&DQDGD 


$EVWUDFW 

7KLV WDON ZLOO EH DERXW RSHUDG DFWLRQV RQ VSDFHV RI NQRWV DQG DVVRFLDWHG EDU
FRQVWUXFWLRQVWKHUHODWLRQWRWKH*RRGZLOOLH:HLVVFDOFXOXVRIIXQFWRUVDQGILQLWHW\SH
LQYDULDQWV
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Morse homotopy and invariants of manifolds
Tadayuki Watanabe
After Witten’s discovery of path integral interpretation of quantum invariants of knots and 3-manifolds, several rigorous and powerful theories of universal
invariant for homology 3-spheres appeared, e.g. perturbative Chern–Simons theory Z CS of Axelrod–Singer and Kontsevich, and a combinatorial invariant Z LMO
of Le–Murakami–Ohtsuki. These invariants take values in a space of graphs
called Jacobi diagrams or Feynman diagrams, and are known to be universal
among Ohtsuki’s ﬁnite type invariants for rational homology 3-spheres. Z CS is
deﬁned by integration over spaces of conﬁgurations of points on a 3-manifold
and hence can be considered as an “analytic” invariant. Z LMO is constructed
from Kontsevich’s link invariant by ingenious combinatorial argument and can
be considered as an “algebraic” invariant.
My talk is concerned with Fukaya’s “topological” construction of invariant
of 3-manifolds, obtained by using Morse theory. We give a generalization of
Fukaya’s invariant to graphs with arbitrary number of loops at least 2.
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Mathematicians’ Responsibility for Mathematics Education
— The Role of Lighthouse in the Dark —
Ryosuke Nagaoka
Meiji University
Without exaggeration, most depertments of mathematics of Japaneses Universities now cark serious
disrelish for mathematial thinking among young students.
A short but intensive hearing of students in mathmatical departments of several universities proved that
they have their ﬁrm conviction on their way to learn mathematics: Learning of mathematics is nothing
but learning by heart how to

solve problems and how to prove theorems in contrast eith their poor

conﬁdence in mathematics they learned in their university. Young students are delligent enough to learn
mathematics by heart without any understanding of the mathematical theories underlying back in their
background. Almost all of them agreed that they were taught to study mathematics in that style in high
school days.
In Japan as in other counties, the standard style to teach mathematics up to secondary level is quite
naturally to instruct basic techniques of calculation in the elementary level and to give wider chances to
experience how to apply the basic techniques to apparently diﬃcult problems.
In a sence, mathematics education has been carried out with a large emphasis the problem solving
especially in Japan.
But problem solvings are not the goal of teaching mathematics, just the good style to inspire students’
taste for mathematical thinking, But ironically, all eﬀorts in high schools to give students the chances
to learn the variety of mathematical problems are now to result in the ﬁrm belief among youth that
learning mathematics is never more related to theorectical thinking than memoriging the correspondance
of natural numbers with the historic events.
The deep discrepancy of the views over learning mathematics between students and professors is not
easy to overcome. The real cause which has brought the discrepancy to so serious extent is not at all
easy even to identity. multi-sided collaborative study to solve these diﬃcult problems with prudent
intelligence not bringing easy and quick conclusion is really needed.
However it is clear with few exception that young high school students cannnot have their happy
encounters with mathematics without good mathematics high school teachers who love mathematics
and who show students various interesting aspects of mathematics through

usual class of

ordinary

mathematics with their conﬁdence in understanding of basic modern mathematics.
Therefore we can have a hope that an innovative change to education system can be brought by mathematical department without appialing to political powers and without praying for big social changes,
if we are more successful in bringing more and more graduates with mathematical conﬁdence as well as
mathematical competency. Ideas more in detail will be discussed.
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A New Asymptotic Perturbation Theory
and Applications to Massless Quantum
Fields
Asao Arai
Department of Mathematics, Hokkaido University
Sapporo 060-0810
Japan
Abstract
Let H0 and HI be a self-adjoint and a symmetric operator on a complex Hilbert
space, respectively, and suppose that H0 is bounded below and the inﬁmum E0 of
the spectrum of H0 is a simple eigenvalue of H0 which is not necessarily isolated.
In this paper, we present a new asymptotic perturbation theory for an eigenvalue
E(λ) of the operator H(λ) := H0 + λHI (λ ∈ R \ {0}) satisfying limλ→0 E(λ) = E0 .
The point of the theory is in that it covers also the case where E0 is a non-isolated
eigenvalue of H0 . Under a suitable set of assumptions, we derive an asymptotic
expansion of E(λ) up to an arbitrary ﬁnite order of λ as λ → 0. We apply the
theory to a massless quantum ﬁeld model.
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2QDOLPLWLQJUHVRQDQFHGLVWULEXWLRQWKHRUHP
IRUWKH6WDUNHIIHFWLQWKHVHPLFODVVLFDOOLPLW




&DUORV9LOOHJDV8QLYHUVLGDG1DFLRQDO$XWRQRPDGH0H[LFR



$EVWUDFW
:HVWXG\ WKH GLVWULEXWLRQ RI UHVRQDQFHV QHDUE\ WKH HLJHQYDOXHV RI WKH K\GURJHQ DWRP
KDPLOWRQLDQXQGHUWKHLQIOXHQFHRIDFRQVWDQW HOHFWULFILHOG ZLWK DVXLWDEOHLQWHQVLW\LQ
WKH VHPLFODVVLFDO OLPLW:H VKRZ WKDW VXFK D OLPLW LQYROYHV DYHUDJHV RI WKH SRVLWLRQ
FRRUGLQDWHLQWKHGLUHFWLRQRIWKH HOHFWULFILOHGDORQJWKHFODVVLFDO RUELWV RIWKH.HSOHU
SUREOHP
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(LJHQYDOXH$V\PSWRWLFVIRU'LULFKOHWDQG1HXPDQQ+DOISODQH0DJQHWLF+DPLOWRQLDQV

3DEOR0LUDQGD
)DFXOWDGGH)tVLFD
3RQWLILFLD8QLYHUVLGDG&DWyOLFDGH&KLOH

$EVWUDFW
,Q WKLV WDON ZH FRQVLGHU WZR 6FKU|GLQJHU RSHUDWRUV ZLWK FRQVWDQW
PDJQHWLF ILHOG RQ DK DOISODQH RQH GHILQHG ZLWK 'LULFKOHW ERXQGDU\
FRQGLWLRQV DQG DQRWKHU ZLWK 1HXPDQQ ERXQGDU\ FRQGLWLRQV ,I 9 LV D UHDO
QRQSRVLWLYH GHFD\LQJ HOHFWULF SRWHQWLDO ZH VWXG\ WKH GLVFUHWH VSHFWUD RI
WKH RULJLQDO RSHUDWRUV SHUWXUEHG E\ 9 ,Q WKH 'LULFKOHW FDVH ZH VKRZ WKDW
HYHQ XQGHU YHU\ ZHDN SHUWXUEDWLRQV 9 LQILQLWHO\ PDQ\ HLJHQYDOXHV DSSHDU
EHORZ WKH HVVHQWLDO VSHFWUXP RI WKH RSHUDWRU ZKLOH WKH 1HXPDQQ FDVH
GHSHQGV RI WKH GHFD\LQJ UDWH RI 9 7KLV LV MRLQW ZRUN ZLWK 9LQFHQW
%UXQHDXDQG*HRUJL5DLNRY
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3URSDJDWLRQRIVLQJXODULWLHVIRU6FKU|GLQJHU
HTXDWLRQVZLWKORQJUDQJHSHUWXUEDWLRQV 


6KX1DNDPXUD 8QLYHUVLW\RI7RN\R 


$EVWUDFW7KHVLQJXODULWLHVRIVROXWLRQVWR6FKU|GLQJHUHTXDWLRQV ZLWKVKRUWUDQJH
SHUWXUEDWLRQV FDQEHGHVFULEHGXVLQJWKHVFDWWHULQJWKHRU\IRUWKHFRUUHVSRQGLQJ
FODVVLFDOPHFKDQLFV,IWKHSHUWXUEDWLRQLVORQJUDQJHW\SHWKHQZHQHHGWRXVHORQJ
UDQJHVFDWWHULQJWHFKQRORJLHVQDPHO\ZHQHHGWRHPSOR\DVROXWLRQVWRWKH
+DPLOWRQ-DFRELHTXDWLRQLQWKHPRPHQWXPVSDFH,IWKHSHUWXUEDWLRQLVPRGHVWO\
ORQJUDQJHWKHQZHFDQXVHWKH'ROODUGW\SHDSSUR[LPDWHVROXWLRQDQGZHFDQGHVFULEH
WKHVLQJXODULWLHVUDWKHUH[SOLFLWO\ 3DUWO\MRLQWZRUNZLWK.+RULH 
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7UDFH,QWHJUDO)RUPXODHIRUIXQFWLRQV
RIRQHDQGWZRRSHUDWRUYDULDEOHV 

.DO\DQ%6LQKD
-1&HQWUHIRU$GYDQFHG6FLHQWLILF5HVHDUFKDQG,QGLDQ,QVWLWXWHRI6FLHQFH
%DQJDORUH,QGLD



$EVWUDFW 
.UHLQ V FODVVLFDO WKHRUHP RQ WKH WUDFH RI WKH GLIIHUHQFH RI D IXQFWLRQ RIWZR VHOIDGMRLQW
RSHUDWRUV GLIIHULQJ E\ D WUDFHFODVV RSHUDWRU LV H[WHQGHG WR WKH VHFRQG DQG WKLUGRUGHUZLWK
H[DFWH[SUHVVLRQV$QDVVRFLDWHGTXHVWLRQDERXWIXQFWLRQVRIDSDLURIFRPPXWLQJVHOIDGMRLQW
ERXQGHGWXSOHVZLOODOVREHGLVFXVVHG
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&RPPXWDWRUPHWKRGVIRUWKHVSHFWUDODQDO\VLV
RIWLPHFKDQJHVRIKRURF\FOHIORZV



5DIDHO7LHGUD3RQWLILFLD8QLYHUVLGDG&DWyOLFDGH&KLOH 



$EVWUDFW 
:HVKRZWKDWDOOWLPHFKDQJHVRIWKHKRURF\FOHIORZRQFRPSDFWVXUIDFHVRIFRQVWDQW
QHJDWLYHFXUYDWXUHKDYHSXUHO\DEVROXWHO\FRQWLQXRXVVSHFWUXPLQWKHRUWKRFRPSOHPHQW
RIWKHFRQVWDQWIXQFWLRQV7KLVSURYLGHVDQDQVZHUWRDTXHVWLRQRI$.DWRNDQG-3
7KRXYHQRWRQWKHVSHFWUDOQDWXUHRIWLPHFKDQJHVRIKRURF\FOHIORZV2XUSURRIVUHO\RQ
SRVLWLYHFRPPXWDWRUPHWKRGVIRUVHOIDGMRLQWRSHUDWRUVDQGWKHXQLTXHHUJRGLFLW\RIWKH
KRURF\FOHIORZ
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7ZRVROHQRLGDO$KDURQRY%RKPHIIHFWZLWK
TXDQWL]HGPDJQHWLFIOX[HV

7DNX\D0LQH.\RWR,QVWLWXWHRI7HFKQRORJ\



$EVWUDFW
:HFRQVLGHUWKHPRWLRQRIDTXDQWXPSDUWLFOHFRQILQHGLQDSODQHXQGHUWKHLQIOXHQFHRI
WZR LQILQLWHVLPDOO\ WKLQ PDJQHWLF VROHQRLGV SHUSHQGLFXODU WR WKH SODQH 3URYLGHG WKDW
WZRIOX[HVHTXDOWKHTXDQWXPRIPDJQHWLFIOX[ZHJLYHWKHJHQHUDOL]HGHLJHQIXQFWLRQV
RIWKHFRUUHVSRQGLQJ+DPLOWRQLDQXVLQJYDULRXV0DWKLHXIXQFWLRQV$VDFRQVHTXHQFH
ZH JLYH DQ H[SOLFLW IRUPXOD IRU WKH VFDWWHULQJ DPSOLWXGH XVLQJ VRPH VSHFLDO YDOXH RI
0DWKLHXIXQFWLRQV
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Transversely periodic potentials on trees
Richard Froese, University of British Columbia
Abstract
We discuss a class of random Schrodinger operators on trees
where a pair of potentials is chosen independently at random for every
level in the tree and then repeating periodically across that level.
This model exhibits a weak disorder transition between localization and
delocalization as the joint distribution of the potentials is varied.
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Existence and stability of time-periodic solution of
the compressible Navier-Stokes equation
Yoshiyuki Kagei
Kyushu University, JAPAN
e-mail: kagei@math.kyushu-u.ac.jp
We consider a time periodic problem of the following compressible NavierStokes equation in Rn (n ≥ 3):
∂t ρ + div (ρv) = 0,
ρ(∂t v + v · ∇v) − μv − (μ + μ )∇div v + ∇P (ρ) = ρg.

(1.1)

Here, ρ = ρ(x, t) and v = (v 1 (x, t), · · · , v n (x, t)) denote the unknown density
and the unknown velocity ﬁeld, respectively, at time t ≥ 0 and position
x ∈ Rn ; P = P (ρ) is the pressure that is assumed to be a smooth function
of ρ satisfying P  (ρ∗ ) > 0 for a given constant ρ∗ > 0; μ, μ are the viscosity
coeﬃcients that are assumed to be constants and satisfy μ > 0 and n2 μ+μ ≥
0; and g = g(x, t) is a given external force periodic in t with period T > 0.
The purpose of this talk is to investigate the existence and stability of a
time-periodic solution of system (1.1).
Ma, Ukai, and Yang (2010) [1] showed that if n ≥ 5, there exists a timeperiodic solution (ρper (t), vper (t)) around (ρ∗ , 0) of (1.1) for suﬃciently small
g. Furthermore, it was shown that the time-periodic solution is stable under
suﬃciently small initial perturbations and that the perturbation (ρ(t) −
ρper (t), v(t) − vper (t)) satisﬁes
n

(ρ(t) − ρper (t), v(t) − vper (t))L2 ≤ C(1 + t)− 4 .

(1.3)

We will show the existence of a time-periodic solution (ρper (t), vper (t))
for n ≥ 3, if the external force g satisﬁes the condition g(−x, t) = −g(x, t)
(x ∈ Rn , t ∈ R) and g is small enough in some weighted Sobolev space.
In addition, we will prove that the time-periodic solution (ρper (t), vper (t)) is
stable under suﬃciently small initial perturbations and that the perturbation
(ρ(t) − ρper (t), v(t) − vper (t)) satisﬁes the decay estimate (1.3).
The results of this talk were obtained in a joint work with Kazuyuki
Tsuda (Kyushu University).

References
[1] H. Ma, S. Ukai and T. Yang, Time periodic solutions of compressible Navier-Stokes equations, J. Diﬀerential Equations, 248 (2010), pp.
2275–2293.
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Maria. Schonbek, UCSC
Asymptotic stability of mild solutions to the Navier-Stokes equations
Abstract We consider the initial value problem for the Navier-Stokes equations
modeling an incompressible ﬂuid in three dimensions:
ut + u · ∇u + ∇p = Δu + F,

(x, t) ∈ R3 × (0, ∞),
div u = 0,
u(x, 0) = u0 (x).

It is well-known that this problem has a unique global-in-time mild solution for
a suﬃciently small initial condition u0 and for a small external force F in suitable
scaling invariant spaces. We show that these global-in-time mild solutions are
asymptotically stable under every (arbitrary large) L2 -perturbation of their initial
conditions.
The work is joint with Grsegorz Karch and Dominika Pilarczyk .
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Stability of equilibria for incompressible two-phase
ﬂows with phase transitions
Senjo Shimizu
Shizuoka University
Shizuoka, Japan
ssshimi@ipc.shizuoka.ac.jp

Abstract
A basic model for incompressible two-phase ﬂows with phase transitions consistent with thermodynamics in a bounded domain in the
case of constant but non-equal densities of the phases is considered.
We brieﬂy discuss the well-posedness of the model in an Lp -setting
which is based on maximal regularity. The main part of the talk is
devoted to the stability of the equilibria. The negative total entropy
of the problem serves as a Ljapunov functional and hence we know
that the equilibria without boundary contact are zero velocity, constant temperature, constant pressure in each phase, and a subdomain,
which forms one phase in the bounded domain, consists of a ﬁnite number of nonintersecting balls of equal size. We prove that an equilibrium
is stable if and only if the phases are connected, otherwise it is unstable.
This is a joint work with J. Prüss (Halle) and M. Wilke (Halle).
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Classical solutions of mean-ﬁeld games
Diogo A. Gomes∗
April 30, 2013
A model problem for mean-ﬁeld games [LL06a, LL06b, LL07, HMC06, HCM07] is the system
−Vt + H(Dx V, x) = ΔV + g(θ),

θt − div(θDx V ) = ΔV.

(1)

together with initial-terminal conditions V (x, T ) = ψ(x), θ(x, 0) = θ0 , and periodic boundary
conditions in x. In [LL06b, LL07] the authors give conditions for existence of weak solutions to
(1). In this talk we prove the following results (joint work with H. S. Morgado and G. Pires
[GPSM13]):
2

Theorem 1. Let g(m) = mα and H(p, x) = |p|2 + V (x), ψ and θ smooth, θ > 0 If d = 2 and
α > 0, or if d = 3 and α < 12 , then V is Lipschitz.
Once this regularity is obtained then further regularity results can also be obtained by bootstrapping and using standard methods:
Theorem 2. Under the conditions of Theorem 1 If d = 2 and α > 0, or if d = 3 and α < 12 , then
ln m is Lipschitz.
From the regularity obtained in the previous theorem then it is a routine matter to prove
existence of smooth solutions. A number of further extensions are possible by considering more
general Hamiltonians. A number of similar results for the time independent case can also be
addressed similarly.
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Forward Discretely Self-Similar Solutions of the Navier-Stokes Equations
Tai-Peng Tsai
University of British Columbia

Abstract
Denote R4+ = R3 × (0, ∞). Consider the 3D incompressible Navier-Stokes equations for velocity
u : R4+ → R3 and pressure p : R4+ → R,
∂t u − Δu + (u · ∇)u + ∇p = 0,

div u = 0,

(1)

in R4+ , coupled with the initial condition u|t=0 = u0 with div u0 = 0. The system (1) enjoys a
scaling property: If u(x, t) is a solution, then so is
u(λ) (x, t) := λu(λx, λ2 t)

(2)

for any λ > 0. We say u(x, t) is self-similar (SS) if u = u(λ) for every λ > 0. In that case,
the value of u(x, t) is decided by its value at t = 1. On the other hand, if u = u(λ) only for one
particular λ > 1, we say u is discretely self-similar (DSS) with factor λ. Its value in R4+
is decided by its value in the strip x ∈ R3 and 1 ≤ t < λ2 . They are called forward because
0 < t < ∞. We can also consider (1) for −∞ < t < 0 or for time independent u. For both cases
the scaling law (2) still holds, and we deﬁne backward and stationary SS and DSS solutions
in the same manner.
∗
When u(x, t) is either SS or DSS, then so is u0 (x). Thus it is natural to assume |u0 (x)| ≤ C
|x|
for some constant C∗ > 0 and look for solutions satisfying
|u(x, t)| ≤

C(C∗ )
,
|x|

or

u(·, t)

L3,∞

≤ C(C∗ ).

(3)

Here by Lq,r , 1 ≤ q, r ≤ ∞, we denote the Lorentz spaces. In such classes, with suﬃciently
small C∗ , the unique existence of mild solutions – solutions of the integral equation version of
(1) via contraction mapping argument, was obtained by Giga-Miyakawa and reﬁned by CannoneMeyer-Planchon. As a consequence of the uniqueness, if u0 (x) is SS or DSS with small C∗ , the
corresponding small mild solution is also SS or DSS. For large C∗ , the existence theory for mild
solutions is not available, and one may extend the concept of weak solutions and consider localLeray solutions constructed by Lemarié-Rieusset. However, there is no uniqueness theorem for
them to guarantee self-similarity.
In a surprising recent preprint [1], Jia and Šverák constructed SS solutions for every SS u0
which is locally Hölder continuous. Their main tool is a local Hölder estimate of the solution
near t = 0, assuming minimal control of u0 in the large. This estimate enables them to prove
a priori estimates of SS solutions, and then show the existence by applying the Leray-Schauder
degree theorem. Note that this existence theorem does not assert uniqueness.
In this talk, I will present results asserting the existence of DSS solutions for DSS initial
data u0 , assuming either the DSS factor λ is suﬃciently close to 1 according to C∗ , or if u0 is
axisymmetric with no swirl. This extends the result of [1] to DSS setting. I will also discuss
their relevance to the uniqueness problem.
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Convergence for a 2D elliptic problem with
large exponent in nonlinearity
Futoshi Takahashi
Osaka City University
In this talk, we are concerned with the problem
⎧
p
⎪
⎨ −Δu = K(x)u in Ω,
(Ep )
u > 0 in Ω,
⎪
⎩
u = 0 on ∂Ω,
where Ω is a smooth bounded domain in R2 , K ∈ C 1 (Ω), inf Ω K > 0 is a
given positive weight function, and p > 1 is a nonlinear exponent.
Let {up } be a sequence of solutions to (Ep ), not necessarily least energy
ones. The main purpose of this talk is to investigate the asymptotic behavior
of general solutions up when the nonlinear exponent p gets large.
Let {pn } be a sequence of exponents with pn > 1, pn → +∞, and {upn }
be a solution sequence of (Ep ) for p = pn . In this talk, we prove that along a
subsequence (again denoted by {pn }), mass quantization occurs in the sense
that

√
pn K(x)uppnn dx → 8π eN, N ∈ N ∪ {+∞}.
Ω

Furthermore, we have the entire blow-up if N = +∞, or, N -points concentration holds if N ∈ N, in the sense that there exists a set of N points
S = {x1 , · · · , xN } ⊂ Ω such that, as pn → ∞,
√
lim sup upn = lim upn L∞ (Ω) = e (r > 0 small),
n→∞ B (x )
r i

n→∞

N
√ 
∗
δxi in the sense of measures on Ω,
pn K(x)uppnn  8π e
i=1

√
pn upn → 8π e

N


1
G(·, xi ) in Cloc
(Ω \ S).

i=1

Also we obtain a characterization of each concentration point as a critical
point of some function deﬁned by the Green function and the coeﬃcient
function K.
These results are obtained by using ideas and techniques from the recent
paper by S. Santra and J.C. Wei (J. d’Analyse Math. 2011) with suitable
modiﬁcations.
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Fast diﬀusion and geometry of domain
Shigeru Sakaguchi (RCPAM, Tohoku University)
We consider two fast diﬀusion equations ∂t u = div(|∇u|p−2 ∇u) and ∂t u = Δum ,
where 1 < p < 2 and 0 < m < 1. Let Ω be a domain in RN with N ≥ 2, and
let u = u(x, t) be the solution of either the initial-boundary value problem over Ω,
where the initial value equals zero and the boundary value equals 1, or the Cauchy
problem where the initial datum is the characteristic function of the set RN \ Ω.
Choose an open ball B in Ω whose closure intersects ∂Ω only at one point, and let
α >

(N +1)(2−p)
2p
α

or α >

(N +1)(1−m)
.
4

Then, we derive asymptotic estimates for the

integral of u over B for short times in terms of principal curvatures of ∂Ω at the
point, which tells us about the interaction between fast diﬀusion and geometry of
domain. These kinds of research, which were motivated by C. Cortázar, M. Del Pino
and M. Elgueta [CDE], have been done in [MS1, MS2] for the case where p ≥ 2 or
m ≥ 1. Here in [S] we take into account that the short time behavior of the solutions
u is described by the boundary blow-up solutions studied in [BM, M].
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Encoding of streamline topologies for incompressible
vortex ﬂows in 2D multiply connected domains
Takashi Sakajo
Department of mathematics, Kyoto University, Kyoto, Japan
Japan Science and Technology CREST, Tokyo, Japan
E-mail: sakajo@math.kyoto-u.ac.jp
Let us consider the ﬂows generated by many vortex structures in the
presence of the uniform ﬂow in two-dimensional multiply connected exterior
domains. They are regarded as mathematical models for bioﬂuids such as
insect ﬂights and vertical descend of rotating plant seeds and for environmental ﬂows in rivers and coastal ﬂows. For the sake of theoretical simplicity,
we suppose that the ﬂuid is incompressible and inviscid (or slightly viscid).
Then the instantaneous ﬂow ﬁeld u(t, x, y) = (u(t, x, y), v(t, x, y)) in the twodimensional (x, y)-plane is constructed from the stream function ψ(t, x, y)
by u = ∂y ψ and v = −∂x ψ, whose corresponding streamlines correspond to
the contour lines of the stream function.
Here, we are concerned with the global topological structure of the
streamline patterns generated by the vortex structures in the uniform ﬂow.
Classiﬁcation of streamline patterns for the unbounded plane has been investigated by Aref and Brøns[1] and that for the sphere was done by Kidambi
and Newton[2], in which no boundary is contained in the ﬂow domains.
The present study is not only an extension to the case of planar ﬂow domains with many boundaries, but it also adds the following new aspects
that have not been considered so far. First, the uniform ﬂow is taken into
considerations. This is an essential element in the study of bioﬂuids and environmental ﬂows, and it adds a new streamline structure to the ﬂow proﬁle
topologically. Second we focus on the structurally stable vector ﬁelds, which
are of signiﬁcance since the structurally stable ﬂows are more probable to
be observed in many real ﬂow phenomena. Third, the existence of separation points at the boundaries appends another structurally stable streamline
structure. Thus the topological classiﬁcation of the streamline patterns in
multiply connected domains provide us with non-trivial new results mathematically that are applicable to many ﬂuid phenomena.
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In the present talk, let us ﬁrst introduce an inductive procedure to construct structurally stable streamline patterns generated by ﬁnitely many
vortex structures in the presence of the uniform ﬂow[3]. That is to say,
starting from some basic structurally stable streamline patterns in the disk
of low genus, we repeat some fundamental operations that append a streamline pattern with increasing one genus to them. Owing to the procedure,
one can regard a sequence of the operations as a representing word of each
structurally stable streamline pattern. We then give an encoding algorithm
to assign an unique canonical word expression for a given structurally stable vector ﬁeld, which allows us to determine all possible structurally stable
streamline patterns in a combinatorial manner. Finally the applications of
the present encoding theory to some ﬂuid problems are provided.
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Incompressible ﬂuids on foliated manifolds
Yoshihiko MITSUMATSU (Chuo University, Tokyo)
In order to understand the topology and geometry of manifolds or geometric structures
on them, it might be a natural idea to look at how ﬂuids ﬂow on them. Unfortunately, the
analytical foundations for the ﬂuid mechanics is very hard to establish and not yet enough
to employ this idea. However, it is still tempting the author, even to investigate foliations
on manifolds.
We have already a diﬃculty in writing down the proper Euler equation, namely, the
equation of motion for incompressible ﬂuids without viscosity whose ﬂow lines are contained
in leaves. If the time allows, we will discuss on this diﬃculty in the talk.
The main topic of this talk is concerning a more primitive stage than the genuine ﬂuid
mechanics. We try to understand in the case of codimension 1 foliations on closed oriented
3-manifolds the space of velocity ﬁelds of such ﬂuids by using an interpretation of the notion
of helicity as a symmetric bi-linear form on the space (not of velocity ﬁelds but) of volticity
ﬁelds, which is so called the asymptotic linking.
Fix a volume form dvol on a closed oriented manifold M . Let X denote the set of smooth
vector ﬁelds on M and Xd the set of divergence free vector ﬁelds. By taking so called the
asymptotic cycle Xd surjects to H1 (M ; R) and its kernel Xh is called homology free vector
ﬁelds. Xh coincides with the span of locally supported ones in Xd . The asymptotic linking
lk is a symmetric bi-linear form on Xh .
Now take a codimension 1 foliation F on a closed orinted 3-manifold M and set
X (M, F) = {X ∈ X ; X//F}. The velocity ﬁelds of our foliated incompressible ﬂuids
are those who belong to Xd (M ; F) = X (M, F) ∩ Xd . Also consider holomogy free ones
Xh (M ; F) = X (M, F) ∩ Xh and locally supported ones Xloc (M ; F). As in a reasonable
sense Xloc (M ; F) is understandable, the understanding of Xd (M ; F) may reduces to seeing
the structures of Xd (M ; F)/Xh (M ; F) and of Xh (M ; F)/Xloc (M ; F).
Main Result 1 0) Xd (M ; F)/Xh (M ; F) naturally injects to H1 (M ; R) and its image
depends on each case. (This is almost trivial.)
1) Xloc (M ; F) is a null subspace of (Xh , lk ).
2) The orthogonal complement of Xloc (M ; F) with respect to lk is exactly Xh (M ; F).
3) On the quotient Xh (M ; F)/Xloc (M ; F) a symmetic bi-liniar form (which is also denoted
by lk) is naturally induced from lk.
Here is one more ingredient to analyse (Xh (M ; F)/Xloc (M ; F), lk ), that is, the foliated
(de Rham) cohomolgy H ∗ (M, F), which is not necessarily of ﬁnite dimension and is quite
often very hard to compute, and the characteristic pairing CJ : H 1 (M ; F) ⊗ H 1 (M ; F) →
H 3 (M ) (∼
= R in our case).
Main Result 2 1) There exists a natural surjection Φ : H 1 (M ; F) → Xh (M ; F)/Xloc (M ; F)
which intertwines the pairings CJ and lk.
2) On some particular cases we can compute H 1 (M ; F) and Φ explicitely as well as the
quotient Xd (M ; F)/Xh (M ; F).
All these are computed in terms of diﬀerentital forms, volume dual to vector ﬁelds. The
conservation laws should be studied.
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KNOTTED VORTEX TUBES IN STEADY SOLUTIONS TO THE
EULER EQUATION
ALBERTO ENCISO

The motion of particles in an ideal ﬂuid in R3 is described by its velocity ﬁeld
u(x, t), which satisﬁes the Euler equation
∂t u + (u · ∇)u = −∇P ,

div u = 0

for some pressure function P (x, t). The trajectories of the vorticity ω(x, t) for ﬁxed t
are usually called vortex lines. A solution u to the Euler equation is called steady
when it does not depend on time.
A domain in R3 that is the union of vortex lines and whose boundary is an
embedded torus is a (closed) vortex tube. The analysis of thin vortex tubes for solutions to the Euler equation has attracted considerable attention. A long-standing
problem in this direction is Lord Kelvin’s conjecture that knotted and linked thin
vortex tubes can arise in steady solutions to the Euler equation. This is basically a
question on the existence of knotted invariant tori in steady solutions of the Euler
equation.
In this talk we will show the existence of steady solutions to the Euler equation
in R3 having thin vortex tubes of any link and knot type. The steady solutions we
construct are Beltrami ﬁelds (that is, they satisfy the equation curl u = λu in R3
for some nonzero real constant λ) and fall oﬀ at inﬁnity as |u(x)| < C/|x|.
The structure of the vortex lines inside each vortex tube is extremely rich. In
the ﬁrst place, it an be shown that the cores of the thin tubes are knotted vortex
lines, so previous results on the existence of knotted trajectories are recovered [1].
In the second place, the vortex tubes we construct are stable, in a sense that we will
make precise. This is related to the existence of inﬁnitely many invariant tori in
the interior of the vortex tube. The proof of these results combines ﬁne estimates
for the Beltrami equation in a thin tube with ideas from KAM theory.
References
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Energy, pseudomomentum and Stokes drift of inertial
waves and their application to stability of a columnar
vortex
Yasuhide Fukumoto
Institute of Mathematics for Industry, Kyushu University
Abstract
A steady Euler ﬂow of an inviscid incompressible ﬂuid is characterized as an extremum of the total kinetic energy (=the Hamiltonian) with respect to perturbations
constrained to an isovortical sheet (=coadjoint orbits). We exploit the criticality
in the Hamiltonian to calculate the energy of the inertial waves or Kelvin waves,
three-dimensional waves on a steady vortical ﬂow [1, 2, 3], and, as a by-product, to
calculate the mean ﬂow of second order in amplitude, induced by nonlinear interaction of waves with themselves [4]. We pursue the relation of this mean ﬂow with
the pseudomomentum and the Stokes drift [5].
We then apply these formulas to the linear and weakly nonlinear stability of a
rotating ﬂow conﬁned in a cylinder of elliptic cross-section. The linear instability is
known as the Moore-Saﬀman-Tsai-Widnall (MSTW) instability, and its characteristics as parametric resonance between a pair of Kelvin waves is well captured from
the viewpoint of Krein’s theory of Hamiltonian spectra [1]. The wave-induced mean
ﬂow is indispensable for proceeding to the weakly nonlinear stage. A hybrid method
of combining the Eulerian and the Lagrangian approaches is developed to deduce
the amplitude equations to third order [6, 7, 5]. By an appropriate normalization of
dependent variables, the resulting amplitude equations are made into Hamiltonian
form [5]. The linear instability is connected to the Hamiltonian pitchfork and Hopf
bifurcations.
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Using persistence to quantify vortex significance
Jens Kasten, University of Leipzig, Germany
The extraction of vortices plays a fundamental role in the analysis of fluid flows. They are one of
the main structures that are relevant for different engineering tasks such as the construction of
airfoils or streamlined cars. Unfortunately, the number of vortices rises with the complexity of the
flow. Anyhow, not all vortices are equally important. Their influence on the flow field is related to
their strength, i.e., the energy transported by the vortex. It is therefore helpful to discriminate
between individual vortices by assigning an importance measure to theses structures.
The first step to extract vortex cores is to determine a set of feature points. Typically, these points
are defined as extremal structures of a certain scalar feature identifier. Different feature identifiers
have been presented in the past. Well-known examples are the Okubo-Weiss criterion (Okubo
1970, Weiss 1991), vorticity, the λ2 criterion (Jeong and
Hussain 1995). In this work, we consider the extraction of
vortices in two-dimensional time-dependent flow fields.
Here, we want to use the scalar quantity not only as a
feature identifier but also as a measure that resembles
the importance or strength of a vortex. We use the
acceleration magnitude of the flow field. The acceleration
is a fundamental part of the Navier-Stokes equations. In
the right hand figure, the acceleration magnitude of a
Lundgren vortex is shown. It can be seen that the vortex
core is surrounded by a particularly pronounced ridge.
The height of this ridge varies with the strength of the
vortex. It resembles the ability of the vortex to attract
particles towards the vortex core.
Using the fact that the strength of the vortex is related to the height of the surrounding ridge in the
acceleration magnitude, we now have to find a robust approach to quantify this height difference.
To do so, persistent homology as proposed by Edelsbrunner [1] can be used. Loosely speaking,
persistence measures the robustness of a critical point against perturbations of the scalar values
within its vicinity. In the two-dimensional case, the persistence of a minimum is determined by the
height difference to its connected saddle. In the case of the acceleration magnitude, the vortex
core is given by a minimum in the scalar field topology. The connected saddle point lies on the
ridge surrounding the minimum. Thus, persistence indeed measures the strength of the vortex.
In addition to analyzing slices of a two-dimensional time-dependent data set, the importance
measure given by persistence can be extended to the temporal domain by incorporating the
lifetime of a vortex. Integrating the persistence value along a tracked vortex core line results in a
measure that marks spatially important and long-living vortices.
The extraction of persistence can be done in a combinatorial setting that also includes the
extraction of the minima of the acceleration magnitude. We therefore have a unified framework to
extract the vortex cores and their strength. The tracking can also be accomplished in the same
combinatorial context.
More information about the extraction of vortices using the acceleration magnitude and tracking
vortex core in time-dependent flow fields can be found in [2].
Acknowledgements: I thank Oliver Kamps (University of Münster, Germany) for providing the Lundgren
data set. Furthermore, I thank Hans-Christian Hege, Ingrid Hotz (both Zuse Institute Berlin), Bernd R. Noack
(Institute PPrime, Poitiers, France) and Jan Reininghaus (IST Austria) for helping me to develop the ideas
described above.
Bibliography: [1] H. Edelsbrunner, J. Harer, and A. Zomorodian: Hierarchical Morse Complexes for
Piecewise Linear 2-manifolds. In Proceedings Symposium on Computational Geometry 2001, pages 70-79.
[2] J. Kasten: Lagrangian Feature Extraction in Two-dimensional Unsteady Flows. PhD thesis, FU Berlin,
2012.
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Strong turbulence in nonlinear Schrödinger equation
Kyo Yoshida
Faculty of pure and applied sciences, University of Tsukuba
The order parameter ψ(x, t) for the condensed phase of a Bose gas satisﬁes a nonlinear-Schrödinger
(NLS) equation
∂
1 2
i ψ=−
(1)
∇ ψ − μψ + g|ψ|2 ψ,
∂t
2m
which is also called the Gross-Pitaevskii equation, under a certain approximation. Here m is the mass
of the particles, μ the chemical potential, g the coupling constant and the unit of h̄ = 1, h̄ is the Planck
constant divided by 2π, is used.
When the nonlinear term, the last term in the r.h.s. of (1), is small enough compared to the ﬁrst term
in the r.h.s. of (1), the statistical properties of the turbulent solutions of NLS equation is well described by
the weak wave turbulence (WWT) theory[1,2]. Within the WWT theory, the spectrum F (k) [see (4) for
the deﬁnition] obeys k −1 law for the energy-transfer range and k −1/3 law for the particle-number-transfer
range. The former is also observed in a numerical simulation of the NLS equation accompanied with
external forcing and dissipation[3].
In the present study, we attempt to derive theoretically the spectrum F (k) of the turbulence obeying
the NLS equation not only in the WWT range but also in the strong turbulence (ST) range where the
nonlinear term becomes dominant in the r.h.s. of (1), by means of a spectral closure approximation, or
in other words, a two-point closure approximation.
Let ψk (t) be the Fourier transform of ψ(x, t) with respect to the coordinate variable x. It is convenient
to introduce a doublet


 + 
2
ei(k /2m−μ)t ψk (t)
ψk (t)
:=
.
(2)
2
∗
ψk− (t)
(t)
e−i(k /2m−μ)t ψ−k
By assuming statistical homogeneity in space, the two-point correlation function Q and the two-point
response function G can be deﬁned by
β
αβ


3

ψkα (t)ψ−k
 (t ) = Qk (t, t )(2π) δ(k − k ),

δψkα (t)

δψkβ (t )


3

= Gαβ
k (t, t )(2π) δ(k − k ),

(3)

where · denotes an ensemble average and upper Greece indices denote {+, −}. The spectrum F (k) is
deﬁned by



dk
1
−+
δ(|k | − k) Q+−
(4)
F (k, t) =
k (t, t) + Qk (t, t) .
3
2
(2π)
Closed equations for Q and G can be obtained by the method of renormalized expansion and truncation.
The closure approximation is essentially NLS equation equivalent of the direct interaction approximation
(DIA)[4] of the Navier-Stokes equation.
It is found that, for the energy-transfer range, the time scale TNL (k) associated with Qk (t, t ) and
Gk (t, t ) is given by TNL (k) = g −1 n−1 . The time scale associated to the linear wave is given by TL (k) =
2mk −2 . In the WWT range where TNL (k)
TL (k), the spectral closure reduce to the WWT theory. In
the ST range where TNL (k)
TL (k), we obtained a new scaling law F (k) ∝ k −2 . Similar analysis is also
done for the particle-number-transfer range.

References
[1] V.E. Zakharov, V.S. L’vov, and G. Falkovich, Kolmogorov Spectra of Turbulence I, (Springer-Verlag,
1992).
[2] S. Dyachenko, A.C. Newell, A. Pushkarev, and V.E. Zakharov, Physica D 57(1992) 96.
[3] D. Proment, S. Nazarenko, and M. Onorato. Phys. Rev. A 80(2009) 051603(R).
[4] R. H. Kraichnan. J. Fluid Mech. 5(1959) 497.
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CONSTRAINED MECHANICS AND IDEALIZED MODELS FOR
AQUATIC LOCOMOTION VIA VORTEX SHEDDING
SCOTT DAVID KELLY
DEPARTMENT OF MECHANICAL ENGINEERING AND ENGINEERING SCIENCE
UNIVERSITY OF NORTH CAROLINA AT CHARLOTTE

A mature formalism exists for the realization of reduced-order models for the
dynamics of mechanical systems that exhibit symmetries. In the context of ﬁnitedimensional systems, this formalism encompasses the treatment of systems subject
to integrable and nonintegrable velocity constraints [1]. In the context of ﬂuidbody interactions, localized velocity constraints can be used to represent the physics
underlying vortex shedding in an simpliﬁed way. The application of such constraints
discontinuously in time leads to models in which discrete distributions of vorticity
interact with free bodies according to noncanonical Hamiltonian equations like those
documented in [2, 3, 4]. This talk will describe idealized models for several problems
concerning the self-propulsion of deformable bodies in ﬂuids, highlighting the role
played by symmetry-breaking constraints.
References
[1] A. M. Bloch, P. S. Krishnaprasad, J. E. Marsden, and R. M. Murray. Nonholonomic Mechanical
Systems with Symmetry. Archive for Rational Mechanics and Analysis, 136:21–99, 1996.
[2] A. V. Borisov, I. S. Mamaev, and S. M. Ramodanov. Motion of a Circular Cylinder and n
Point Vortices in an Ideal Fluid. Regular and Chaotic Dynamics, 8(4):449–462, 2003.
[3] B. N. Shashikanth. Poisson Brackets for the Dynamically Interacting System of a 2D Rigid
Cylinder and N Point Vortices: the Case of Arbitrary Smooth Cylinder Shapes. Regular and
Chaotic Dynamics, 10(1):1–14, 2005.
[4] B. N. Shashikanth, A. Sheshmani, S. D. Kelly, and J. E. Marsden. Hamiltonian Structure
for a Neutrally Buoyant Rigid Body Interacting with N Vortex Rings of Arbitrary Shape:
the Case of Arbitrary Smooth Body Shape. Theoretical and Computational Fluid Dynamics,
22(1):37–64, 2008.
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1HZFRPSXWDWLRQDODSSURDFKHVWRFXUYDWXUHGULYHQLQWHUIDFH
HYROXWLRQZLWKDSSOLFDWLRQVWRFU\VWDOJURZWKDQGLPDJHDQDO\VLV


+DUDOG*DUFNH 8QLYHUVLW\RI5HJHQVEXUJ*HUPDQ\ 


$EVWUDFW
,QFU\VWDOJURZWKDQGLPDJHVHJPHQWDWLRQRQHRIWKHPRVWLPSRUWDQWWDVNVLQLPDJHDQDO\VLV
LQWHUIDFHVPRYHE\DVSHHGLQYROYLQJWKHFXUYDWXUHRIWKHLQWHUIDFH:HSUHVHQWQHZFRPSXWDWLRQDO 
DSSURDFKHV ZKLFK DOORZ IRU DQ HIILFLHQW FRPSXWDWLRQ RI FXUYDWXUH GULYHQ LQWHUIDFH PRWLRQ 7KH
DSSURDFK LV EDVHG RQ D SDUDPHWULF ILQLWH HOHPHQW PHWKRG 3)(0  DQG OHDGV WR HYROYLQJ PHVKHV
ZKLFK GR QRW GHWHULRUDWH  D FRPPRQ IHDWXUH RI WUDGLWLRQDO LQWHUIDFH WUDFNLQJ PHWKRGV :H DOVR
GHPRQVWUDWHKRZMXQFWLRQVDQGWRSRORJ\FKDQJHVFDQEHLQFRUSRUDWHGLQWRWKHPHWKRGRORJ\

$V RQHDSSOLFDWLRQ RI WKH DSSURDFK ZH H[SODLQ KRZ WKH SDUDPHWULF ILQLWH HOHPHQW PHWKRG FDQ EH
XVHGWRFRPSXWHDQLVRWURSLFQHDUO\FU\VWDOOLQHPRWLRQLQVROLGLILFDWLRQ,QSDUWLFXODUZHSUHVHQW
FRPSXWDWLRQVRIVQRZFU\VWDOJURZWK$VDVHFRQGDSSOLFDWLRQZHGLVFXVVJHRPHWULFDFWLYHFRQWRXU
PRGHOVRI&KDQ9HVHW\SH,QVWHDGRIOHYHOVHW PHWKRGVZKLFKDUHW\SLFDOO\XVHGLQWKLVFRQWH[W
ZHDOVRXVHWKHSDUDPHWULFILQLWHHOHPHQWDSSURDFKIRUWKHHYROXWLRQRIWKHDFWLYHFRQWRXUV6LQFH
ZHDOORZIRU MXQFWLRQVZHFDQDOVRGHDOZLWKPXOWLSKDVHVLWXDWLRQVDQGDVWRSRORJ\FKDQJHVDUH
LQFOXGHGZHFDQKDQGOHDOPRVWDOOVLWXDWLRQVRISUDFWLFDOUHOHYDQFH 
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7KHWDONZLOOUHYLHZDPHVRVFRSLFDSSURDFKWRFU\VWDOJURZWKPRGHOLQJGHYHORSHG
MRLQWO\ZLWK'DYLG*ULIIHDWK$WKUHHGLPHQVLRQDOFRPSXWDWLRQDOO\IHDVLEOH
PHVRVFRSLFPRGHOLVEDVHGRQGLIIXVLRQRIYDSRUDQLVRWURSLFDWWDFKPHQWDQGD
ERXQGDU\OD\HU
6HYHUDOFDVHVWXGLHVZLOOEHSUHVHQWHGWKDWIDLWKIXOO\UHSOLFDWHPRVWREVHUYHGVQRZ
FU\VWDOPRUSKRORJ\,QSDUWLFXODUPDQ\RIWKHPRVWVWULNLQJSK\VLFDOVSHFLPHQVIHDWXUH
ERWKIDFHWVDQGEUDQFKHVDQGRXUPRGHOSURYLGHVDQH[SODQDWLRQIRUWKLVSKHQRPHQRQ   
:HDOVRGXSOLFDWHPDQ\RWKHUREVHUYHGWUDLWVLQFOXGLQJULGJHVULEVVDQGZLFKSODWHV
DQGKROORZFROXPQVDVZHOODVYDULRXVG\QDPLFLQVWDELOLWLHV7KHFRQFRUGDQFHRI
REVHUYHGSKHQRPHQDVXJJHVWVWKDWGLIIXVLRQZLWKDQLVRWURSLFDWWDFKPHQWLVWKHPRVW
LPSRUWDQWLQJUHGLHQWLQWKHGHYHORSPHQWRISK\VLFDOVQRZFU\VWDOV
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Anisotropic models: analysis of ﬂat regions of solutions
Piotr Boguslaw Mucha
Univeristy of Warsaw
Email: p.mucha@mimuw.edu.pl
Anisotropic systems in class of singular parabolic equations generates unusual structures
of solutions. One of the most spectacular phenomena are ﬂat regions of solutions, called
by the theory: facets. Such eﬀects are consequences of the very high singularity of the
nonlinear elliptic operator. If the system is anisotropic then the shape of the facets is
determined by the anisotropy. From that reason such models ﬁnd naturally a place in the
theory of crystal growth and image processing.
The goal of my talk is to present some current results concerning model problems. I
plan to consider the mono-dimensional system
ut − ∂x (L(ux )) = 0
on an interval with Dirichlet boundary conditions. Fundamental examples are
L0 (p) = sgn p

and

L1 (p) = p + sgn p.

For such systems we are able to construct a complete theory explaining the qualitative
features of solutions.
The second part is dedicated to two dimensional systems. There are distinguished two
equations:
ut − ∂x1 ( sgn ux1 ) − ∂x2 ( sgn ux2 ) = 0,
ut − ∂x1 ( sgn ux1 ) − ∂x2 ( sgn ux2 ) − Δu = 0.
Partial analytical results show that the extra linear diﬀusion in the second equation does
not change the main qualitative properties which are characteristic for the ﬁrst equation.
Here we are able to observe not only facets, but also ruled surfaces.
My talk is based on joint results with Piotr Rybka (Warszawa), Monika Muszkieta
(Wroclaw) and Karolina Kielak (Warszawa).
PB Mucha, P Rybka: A note on a model system with sudden directional diﬀusion. J. Stat.
Phys. 146 (2012), no. 5, 975-988.
PB Mucha: Regular solutions to a monodimensional model with discontinuous elliptic
operator. Interfaces Free Bound. 14 (2012), no. 2, 145-152.
K Kielak, PB Mucha, P Rybka: Almost classical solutions to the total variation ﬂow. J.
Evol. Equ. 13 (2013), no. 1, 21-49.
PB Mucha, M Muszkieta, P Rybka: Two cases of squares evolving by anisotropic diﬀusion,
arXiv:1303.1655
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$V\PSWRWLFDOO\VHOIVLPLODUVROXWLRQVWRFXUYDWXUH
IORZHTXDWLRQVZLWKSUHVFULEHGFRQWDFWDQJOH


1DR+DPDPXNL8QLYHUVLW\RI7RN\R


$EVWUDFW
:HVWXG\WKHDV\PSWRWLFEHKDYLRURIVROXWLRQVWRIXOO\QRQOLQHDUVHFRQGRUGHUSDUDEROLF
HTXDWLRQVLQFOXGLQJDJHQHUDOL]HGFXUYDWXUHIORZHTXDWLRQZKLFKZDVLQWURGXFHGE\:
:0XOOLQVLQDVDPRGHORIHYDSRUDWLRQFRQGHQVDWLRQ:HSURYHWKDWLQWKH
PXOWLGLPHQVLRQDOKDOIVSDFHVROXWLRQVRIWKHSUREOHPZLWKSUHVFULEHGFRQWDFWDQJOH
DV\PSWRWLFDOO\FRQYHUJHWRDVHOIVLPLODUVROXWLRQRIWKHDVVRFLDWHGSUREOHP:HDOVR
JLYHHVWLPDWHVIRUWKHGHSWKRIWKHWKHUPDOJURRYHZKLFKLVUHSUHVHQWHGE\WKHYDOXHRI
WKHVHOIVLPLODUVROXWLRQDWWKHERXQGDU\




142

Session（M） 5







7RSRORJLFDODSSURDFKWRSDWWHUQIRUPDWLRQSUREOHPV
DULVLQJLQPDWHULDOVVFLHQFH


<DVXPDVD1LVKLXUD
QLVKLXUD#ZSLDLPUWRKRNXDFMS
0DWKHPDWLFV8QLW:3,$GYDQFHG,QVWLWXWHIRU0DWHULDOV5HVHDUFK
7RKRNX8QLYHUVLW\


7RSRORJLFDODSSURDFKLVDQHZQRQLQYDVLYHPDWKHPDWLFDOPHDVXUHPHQWSRWHQWLDOO\DSSOLFDEOHWR
YDULRXVILHOGVLQFOXGLQJPDWHULDOVVFLHQFH,QWKLVWDON,ZLOOSUHVHQWWZRFDVHVWXGLHVLQZKLFK
FRPSXWDWLRQDOKRPRORJ\DQGLWVYDULDQWVSOD\DNH\UROHWRH[WUDFWHVVHQWLDOLQIRUPDWLRQRQ
PRUSKRORJLFDOG\QDPLFVDULVLQJLQPDWHULDOVVFLHQFH
2QHLVWKHGLEORFNFRSRO\PHUSUREOHPLQDWKUHHGLPHQVLRQDOVSDFH,WLVNQRZQWKDWWKHGRXEOH
J\URLGDQGRUWKRUKRPELFPRUSKRORJLHVDUHREWDLQHGDVHQHUJ\PLQLPL]HUV%\LQYHVWLJDWLQJWKH
JHRPHWULFSURSHUWLHVRIWKHVHELFRQWLQXRXVPRUSKRORJLHVZHGHPRQVWUDWHWKHXQGHUO\LQJ
PHFKDQLVPDIIHFWLQJWKHWULSO\SHULRGLFHQHUJ\PLQLPL]HUVLQWHUPVRIDEDODQFHGVFDOLQJODZ
7KHQZHDSSO\FRPSXWDWLRQDOKRPRORJ\WRFKDUDFWHUL]HWKHWRSRORJLFDOFKDQJHVGXULQJWKH
PRUSKRORJ\WUDQVLWLRQLQWKUHHGLPHQVLRQDOVSDFH,WVKRXOGEHQRWHGWKDWHYHQWKH³WUDQVLHQW´
PRUSKRORJLHVFDQEHGHWHFWHGGXULQJWKHWLPHFRXUVHRIWKHWUDQVLWLRQVLQFHLQWHJHUYDOXHGLQGH[
%HWWLQXPEHUV FDQEHREVHUYHGIRUFHUWDLQWLPHEHIRUHUHDFKLQJWKHILQDOVWDWHIRULQVWDQFH
WUDQVLHQWSHUIRUDWHGOD\HUVDUHIRXQGIURPOD\HUVWRF\OLQGHUV7KHVFDOLQJODZIRU%HWWLQXPEHULQ
WKHSKDVHRUGHULQJSURFHVVLVDOVRSUHVHQWHG
7KHRWKHUVWXG\LVDERXWWKHEXONPHWDOOLFJODVVHV %0*V %0*VKDYHEHHQH[WHQVLYHO\VWXGLHG
EHFDXVHFHUWDLQPHFKDQLFDOSURSHUWLHVVXFKDVVWUHQJWKFDQEHVLJQLILFDQWO\LPSURYHGRYHUWKHLU
FU\VWDOOLQHFRXQWHUSDUWV$OWKRXJK%0*VDUHPHWDOOLFDOOR\VWKH\GRQRWKDYHFU\VWDOOLQHVWUXFWXUH
QRUUDQGRPRQH1XPHURXVUXOHVFULWHULDDQGPHFKDQLVPVKDYHEHHQSURSRVHGWRJXLGHWKH
GHYHORSPHQWRIPHWDOOLFDOOR\VZLWKKLJKJODVVIRUPLQJDELOLW\ *)$ KRZHYHUWKHUHLVQRJHQHUDO
SULQFLSOHFKDUDFWHUL]LQJWKHEDVLFIHDWXUHVRI%0*V)RULQVWDQFHLWLVNQRZQH[SHULPHQWDOO\WKDW
WKHEHVWJODVVIRUPHULQDQDOOR\V\VWHPLVORFDWHGDWDSLQSRLQWFRPSRVLWLRQIRUWZRFRPSRQHQW
DOOR\OLNH&X=U7KHH[LVWLQJPHFKDQLVPVDQGFULWHULDIRUJODVVIRUPDWLRQIDLOWRH[SODLQZK\WKH
EHVWJODVVIRUPHURQO\RFFXUVDWDSLQSRLQWFRPSRVLWLRQ7KHDWRPLFOHYHOPLFURVWUXFWXUHRI
PHWDOOLFJODVVHVLVDORQJVWDQGLQJVXEMHFWWKDWKDVEHHQDWWUDFWLQJODUJHLQWHUHVW$OWKRXJKWKH
DWRPLFVWUXFWXUDOSLFWXUHLVIDUIURPEHLQJHVWDEOLVKHGLWKDVEHHQUHDOL]HGWKDWFOXVWHUVVKRXOGEH
WKHEXLOGLQJEORFNLQJODVV\DOOR\V,ZLOOSUHVHQWDSURJUHVVUHSRUWRQWKHLVVXHRISLQSRLQW
FRPSRVLWLRQE\XVLQJWKHSHUVLVWHQWKRPRORJ\HVSHFLDOO\IRFXVLQJRQWKHWRSRORJLFDO
FKDUDFWHUL]DWLRQRIVXFKDSLQSRLQW
7KHILUVWSDUWLVDMRLQWZRUNZLWK77HUDPRWR $VDKLNDZD0HGLFDO8QLYHUVLW\ DQGWKHVHFRQG
RQHLVZLWK$+LUDWD :3,$,057RKRNX8QLY DQGKLVFROODERUDWRUV
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0LQLPDO&RQYH[&RPELQDWLRQVRI7KUHH
6HTXHQWLDO/DSODFH'LULFKOHW(LJHQYDOXHV



&KLX<HQ.DR &ODUHPRQW0F.HQQD&ROOHJH 
-RLQWZRUNZLWK%UD[WRQ2VWLQJ 8&/$ 


$EVWUDFW 
,QWKLVWDONWKHVKDSHRSWLPL]DWLRQSUREOHPZKHUHWKHREMHFWLYHIXQFWLRQLVDFRQYH[
FRPELQDWLRQRIWKUHHVHTXHQWLDO/DSODFH'LULFKOHWHLJHQYDOXHVLVSUHVHQWHG7KH
GRPDLQVZKLFKPLQLPL]HWKHILUVWIHZVLQJOH/DSODFH'LULFKOHWHLJHQYDOXHVDUHNQRZQ
DQDO\WLFDOO\DQGRUKDYHEHHQVWXGLHGFRPSXWDWLRQDOO\DQGLWLVNQRZQWKDWWKHRSWLPDO
VROXWLRQIRUWKHVHFRQGHLJHQYDOXHKDYHPXOWLSO\FRQQHFWHGFRPSRQHQWV2XU
FRPSXWDWLRQVEDVHGRQWKHOHYHOVHWDSSURDFKDQGWKHJUDGLHQWGHVFHQWPHWKRG
UHSURGXFHWKHVHSUHYLRXVUHVXOWVDQGH[WHQGWKHVHUHVXOWVWRVHTXHQWLDOSUREOHP
HIIHFWLYHO\FDSWXULQJLQWHUPHGLDWHWRSRORJ\FKDQJHV6HYHUDOSURSHUWLHVRIPLQLPL]HUV
DUHVWXGLHGFRPSXWDWLRQDOO\LQFOXGLQJXQLTXHQHVVFRQQHFWLYLW\V\PPHWU\DQG
HLJHQYDOXHPXOWLSOLFLW\
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Multiscale contour shape analysis using the crystalline flow
Hidekata HONTANI
Nagoya Institute of Technology, JAPAN
A method for a scale-space analysis of a contour figure based on a crystalline
flow is proposed. A crystalline flow is a special family of evolving polygons,
and is a discrete version of a curvature flow. Based on the crystalline flow of
a given contour, the proposed method makes a scale-space representation of
the given contour, and extracts several sets of dominant facets. By changing
the shape of the Wulff shape that plays a role of a unit circle for computing
the nonlocal curvature of each facet, the method analyzes the contour shape
anisotropically.
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