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Analysis and Probability

Graduate School of Science and Technology
School of Fundamental Science and Technology Center for Mathematics
Professor Michael Keane

1. RESEARCH SUMMARY

In the report year, I have worked on many topics in percolation theory, ergodic theory,

random walks, analysis, and statistics, and published seven articles which are listed below.

There are too many results to list all the details here, and I refer to the articles for these.
In addition, I have been collaborating with the COE member Professor Hitoshi Nakada,
and hope to continue developing our ideas in the coming period.

2. RESULTS

The obtained results are contained in seven articles published in the report year; ref-

erences, as far as available, are given in the next section under list of achievements. A

number of other results are in preparation, and will be soon available.

3. LIST OF ACHIEVEMENTS

Published articles in the report period:

1.

Tubular recurrence, Acta Mathematica Hungarica 97, 207-221 (2003). With S.W.W.
Rolles.

Finitary coding for the 1-D 7,7 !-process with drift, Annals of Probability 31,
1979-1985 (2003). With Jeffrey E. Steif.

. Weak Bernoullicity of random walk in random scenery. Japanese Journal of Math-

ematics 29, 389-406 (2003). With F. den Hollander, J. Serafin, and J.E. Steif.

Marches Aléatoires Renforceés, in Lecons de Mathématiques d’Aujourd’hui Vol 2,
347-360. Cassini, Paris, 2003.

Entropy in Ergodic Theory, Chapter Seventeen of the book Entropy, A.Greven,
G.Keller, G.Warnecke Editors, Princeton University Press, 2003.

The dimension of graph directed attractors with overlaps on the line, with an ap-
plication to a problem in fractal image recognition. To appear in Fundamenta
Mathematicae, 2004. With Karoly Simon and Boris Solomyak.
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7. Nonparametric estimation of a change in defect density. To appear in the Journal
of the Royal Statistical Society (Series C). With D. Denteneer.

4. International Conference and other talks

This year’s lectures and conferences:

Place

College Park
Denton
Ithaca

Los Angeles

Oxford-Coventry Univ Warwick

Jerusalem
Okayama
Corvallis
Indianapolis
Chapel Hill
Lunteren
Erlangen
Tokyo
Eindhoven
Chapel Hill
Princeton
College Park

Institution

UMD
UNT

Cornell
UCLA

Hebrew Univ

Hayashibara Forum

OSU
IUPUI
UNC

Bijeenkomst Stoch
Univ Erlangen

Keio Univ
Eurandom
UNC

Princeton Univ

UMD

Date

21 Mar
04 Apr
21 Apr
7-9 May
2-6 Jun
17 Jun

12 Jul

25 Jul

12 Oct
24-26 Oct
16-19 Nov
28 Nov
20 Dec
08 Jan

22 Feb
04 Mar
20 Mar
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Type of lecture

Colloquium Lecture

Colloquium Lecture

Probability Seminar

Colloquium, Seminar

Conference Organizer
Furstenfest, Plenary lecture
Public Lecture

Closing Lecture, NSF Conference
Lecture, Midwest Dyn Syst Conf
AMS Regional Meeting (no lecture)
Conference Organizer
Festkolloquium Jacobs

Closing Lecture, Conference
Plenary Lecture, Conference
Conference Lecture

Lecture, Sinai Seminar
Conference Lecture
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O00000000000000000000000000000000 metric nimber
theory 0000000 D0DODOODOO0ODOODOODOODODODOOODOODODO
() 0000000000000 00 «-000000000 (joint work with J. Aaronson
(Tel Aviv), and O. Sarig (Pen State))

00000 DeFinite 0000000 O0DO0DODODODOODOODODOODOODOODO
0000000000000 0000ODO00D0000 Maharam O0OO0O00OO0ODOOODO
00 foliation DO 000 measure 00 0000000000000 OO0OOOOODOODO
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O000,0000000000000000,00000 J. Aaronson (Tel Aviv), O. Sarig
(Pen State), R. Solomyak (Seatle) 0000000 ODO0O0OOODOOOOOO g-000,
0000000000000 000000000000000O00o00gn, J. Feldman,
C.Moore 10000DO0DOODODOOOODOODOOODOODODOOODOODOOO
O0000,000000000 invariant measure [J exchangeable D0 000000
oooad

(2) Hecke 0 0 0 00O Diophantine Approximation 0 Rosen 0000000 (joint Work
with C. Kraaikamp (Delft), and T. Schmidt (Oregon))
000000000000, Legendre 0000 Huwitz OO0 OO0O0O0O, Hurwitz O
0000000000000 000000000000000O0DO0DOO000A0O, Hecke
O0000 Hurwitz OO O Rosen OO O OO Legendre U0 O O0OOOOOOONO, Hecke
O0 Hurwitz 00 Rosen OO0 0000000000 OODOOODODDOODOOODO
0000000000000 00000O0D000D00DO0DO0000D00DODOd natural
extension 00 0000000000000 O0ODOODOO0OO0O0OOOODOOOOO,OdO
0 Legendre 00 Lenstra OOOOO0O0O0O0OOOOOODODOOO, Hecke 0O Hurwitz
OO00O0D0OOo0oooooon

(3) O arcimedean 0 0 0 O Diophantine approximation 0 0 0 0 00O O O Metric Theory
(joint work with V. Berthé (Montpellier), E. Deligero (Keio), and R. Natsui (Keio))
00000000000000000000000000000O(a) joint work with D.
Deligero : [0 arcimedean 0 O O O Diophantine approximation 0 0000000 OOO
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0000000000 Diophantuine inequality 0 0000000000000 OOOO
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000000000 0000DO0000000D00O0D00 1-dependent process 000 00O
0000000000000 0,000000000DO00000DO000O00DOOoO0DOg0n
O000000000000000000Db) joint work with V. Berthé and R. Natsui : O
archimedean 0 0000000000000 OOOOO0ODOOO monicO0OODODO
0000000000000 Diophantine approximation 0 O [ arithmetic property [
0000000000000 00000000O000000000o0oo0oOo0o0oDoogon
O 0O 0O Jacobi-Perron algorithm [0 skew product 00O O0O0O0OOOOOOO arithmetic
distribution 00D OO0 OOOO

2. 0000

0000000000000 000000000000000O000oooon, (1), (2)
00000000000000000O, (3) 0000000000000 oDOoOODOOOO
00000000 [6]0
(1) p-00000 addingmachine 0 0 0000000000000 O00O0OOO,000
0 exchangeable [0 invariant measure [0 conformal measure OO0 OO OO0 OO0
(2) Rosen 0000000 O0O0DO Lenstra000 OO Legendre 000000 O0OOOO
O0000000000000 Lenstra 000000 OD0ODOMOO, 00000 Hecke
OO0 Huwitz OOOD0DOO0DOODOODODOOOO
(3) non-archemedean Diophantine inequality 0000000000000 OODOOOO
OO000000O00OO00bOO0DOo0bOooDo0obOoDoOOooOOooO,0bo00bOoooOooa
D00, 000000000000 0D000D0O00DO00DOO0o0oDoOooao
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1. K. Inoue and H. Nakada, The modified Jacobi-Perron algorithm over F,(X)?. Tokyo
J. Math. 26 (2003), 447-470.

2. K. Inoue and H. Nakada, On metric Diophantine approximation in positive charac-
teristic. Acta Arith. 110 (2003), no. 3, 205-218.

3. H. Nakada and R. Natsui, Some strong mixing properties of a sequence of random
variables arising from a-continued fractions. Stoch. Dyn. 3 (2003), 463-476.

4. H. Nakada, On non-archimedean metric diophantine approximations. to appear in
OO0oooooooo.

5. G. H. Choe, T. Hamachi and H. Nakada, Mod 2 normal numbers and skew products.
to appear in Studia Math.
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6. E. Deligero and H. Nakada, On the cental limit theorem for Non-archimedean Dio-
phantine approximations, preprint.

gooobaog

1. H. Nakada, On ¢-mixing property of S-transformations. International Workshop on
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Regularity for the Navier-Stokes equations

Graduate School of Science and Technology
School of Fundamental Science and Technology Center for Mathematics

Professor Gregory Seregin

1. RESEARCH SUMMARY

During the period, October 2003 - March 2004, two problems for the three-dimensional
Navier-Stokes equations in a half space were considered.

In the first of them, it was assumed that weak solutions to the initial boundary value
problem for the Navier-Stokes equations in a half space belong L3 ,.-class which is the
marginal case of the called Ladyzhenskaya-Prodi-Serrin condition. It was shown that this
additional condition, imposed on the weak Leray-Hopf solution, implies regularity of it.

In the second problem, other additional conditions on weak Leray-Hopf solutions were
considered. In the case of the Cauchy problem, these conditions may be regarded either
as boundedness of the pressure from below or as boundedness of the Bernoulli function
from above. It turns out that they provide regularity of weak solutions in the case of a

half space as well.

2. RESULTS

I. SMOOTHNESS OF L3 +-SOLUTIONS TO THE NAVIER-STOKES EQUATIONS IN A HALF
SPACE

Our goal was to prove smoothness of the so-called Ls ..-solutions to the Navier-Stokes
equations up to a flat part of the boundary. In particular, Theorem 1, formulated below,
implies the result announced in the paper:
Escauriaza, L., Seregin, G., Sverdk, V., Backward uniqueness for the heat operator in
half space, Algebra and Analiz, 15(2003)1, pp. 201-214.
It was stated there that Lj.-solutions to the initial boundary value problems for the
Navier-Stokes equations in a half space are smooth if the initial data are smooth. As in
the case of the Cauchy problem, this statement was deduced from the theorem on local
regularity of L3 ..-solutions near a flat part of the boundary.

The main idea how to treat boundary regularity of L3 .-solutions is similar to the case
of interior regularity: reduction to a backward uniqueness problem for the heat operator,

see:

I0)



Seregin, G., Sverdk, V., The Navier-Stokes equations and backward uniqueness, Nonlin-

ear Problems in Mathematical Physics II, In Honor of Professor O.A. Ladyzhenskaya,

International Mathematical Series II, 2002, pp. 359-370,

Escauriaza, L., Seregin, G., Sverdk, V., On backward uniqueness for parabolic equations,

Arch. Rational Mech. Anal., 169(2003)2, pp. 147-157;

Escauriaza, L., Seregin, G., Sverdk, V., L3 «-Solutions to the Navier-Stokes Equations

and Backward Uniqueness, Russian Mathematical Surveys, 58(2003)2, pp. 211-250.

The second part of such analysis has been already done in

Escauriaza, L., Seregin, G., Sverdk, V., Backward uniqueness for the heat operator in half

space, Algebra and Analiz, 15(20038)1, pp. 201-214,

where the backward uniqueness result for the heat operator in a half space was established.
However, serious difficulties occur if we scale and blow up the Navier-Stokes equations

at singular boundary points. In particular, since Lj .-norm is invariant with respect to

the natural scaling, the global L3 .-norm of the blow-up velocity is bounded. In the

interior case, we were able to prove global boundedness of L 8 so-hOTM of the the blow-up

pressure. We do not know whether the same is true near the boundary. If it would be
so, the proof of boundary regularity could be essentially simplified. Unfortunately, we
cannot even show that there is a reasonable global norm of the blow-up pressure which
is finite. This makes our proof a bit tricky. The key point is a suitable decomposition of
the pressure.

The main result of the paper is as follows.

Theorem 1. Let a pair of functions v and p has the following differentiability properties:

vE Lso(Q)NWY(QT) WL (QF),  peW,L(Q7). (6.1)
872 872
Here, QT ={z = (z,t) || |z| <1, 23 >0, =1 <t < 0}.
Suppose that v and p satisfy the Navier-Stokes equations a.e. in QF, i.e.:

(9tv++v®v—Av:—Vp} in O (6.2)
~v=0
and the boundary condition
v(x,t) =0, xg=0and —1<t<0. (6.3)
Assume, in addition, that
v € L3 (QF). (6.4)

76



Then v is Holder continuous in the closure of the set
QT(1/2) ={z = (x,t) || |[z| < 1/2, x5 >0, —(1/2)* <t < 0}.

Explanations why conditions (6.1) are natural can be found in the paper
Seregin, G.A., Local reqularity of suitable weak solutions to the Navier-Stokes equations
near the boundary, J.math. fluid mech., 4(2002), no.1, 1-29,
see Theorem 2.2 there. We just briefly note that any weak Leray-Hopf solution to initial
boundary value problems in a half space together with the associated pressure satisfies

(6.1). So, the real additional assumption of Theorem 1 is condition (6.4).

II. SUFFICIENT CONDITIONS ON REGULARITY FOR THE NAVIER-STOKES EQUATIONS
IN A HALF SPACE

In the paper
Seregin, G.A., Sverdk, V., On solutions to the Navier-Stokes equations with lower bounds
on pressure, Arch. Rational Mech. Anal., 163(2002), pp.65-86,
the following fact was proved. Let the velocity field v and the pressure p be a solution to
the Cauchy problem. Assume that they satisfy one of the following to conditions: either p
is bounded from below or |v|? 4 2p is bounded from above. Then both v and p are smooth
functions. It is worthy to note that the pressure in those conditions is normalized, i.e., it

has the form

1 1
pant) = - [ v D0 (65)
R3

The natural question to ask is what happens if we consider domains different from the
whole space R3. The point is that, for those domains, formula (6.5) is not valid anymore.
In fact, the pressure is presented then as the sum of the Newtonian potential of type
(6.5) but over the corresponding domain and a harmonic component depending on time.
For the Cauchy problem, this harmonic component is a constant in space variables and
therefore may be taken as zero.

To figure out what kind of changes in conditions should be expected, it is enough to

consider the initial boundary value problem in a half space. The answer is as follows. Let

1 1
Py(z,t) = - / Hvi,j(yat)vj,i(yat) dz, (6.6)
RB

where
RS = {a = (2) || 25 > 0},
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Then conditions that provide regularity of solutions are the same as in the case of the
Cauchy problem but the real pressure p must be replaced with the Newtonian potential

Py, see Theorem below for the exact statement.

Theorem 2. Let v be a weak Leray-Hopf solution to the Navier-Stokes equations in a

half space. Assume that either
o + 2R < a (6.7)
or
Py > —a (6.8)

a.e. in QF =R3x]0,T[ for some positive o and for some positive T. Here, Py is defined

by (6.6). Then v is smooth and unique in Q7.

The proof of Theorem 2 relies upon two important identities:

i | (PeD . 0R)dy -

B(z,R)

-7 [ ) e i -

R3\ B(z,R)

1 ( N 9
= —(2P(y,t) + |u"(y, t )dy
| P+
B(z,R)
for all z € R3, for all t €]0,ty[, and for all R > 0. Here,

T —y
|z —y[*’

Wy, t) = uly,t) —aly,t), @yt =uly.t) (z—y)

and u stands for the extension of v to the whole space by zero. They are true for all
moments of time till the time ¢y when probably the first singularity occurs. Our task is
to show that they are still valid at ¢ = ¢ty and then, using arguments of continuity and
monotonicity from the proof of the main result in the paper cited above, to conclude that

the first singularity does not appear at all.

3. LIST OF ACHIEVEMENTS

1. It was proved that the weak Leray-Hopf solutions to the 3D Navier-Stokes equations
in a half space are smooth if they belong to Ls ..-class which is the marginal case of the

Ladyzhenskaya-Prodi- Serrin condition.
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2. It was proved a sufficient condition for the regularity of the weak Leray-Hopf solutions
to the 3D Navier-Stokes equations in a half space. For the Cauchy problem, this condition
makes sense of either boundedness of the pressure from below or boundedness of the

Bernoulli function from above.
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Lie algebras of vector fields on affine varieties

O00000000D0DO0O0O Christopher Macmeikan

1. 0ggd

Vector fields on manifolds and algebraic varieties carry a lot of information about the
underlying geometric space. For instance, an affine variety is smooth if and only if its Lie
algebra of vector fields is simple. We study certain sets of vector fields on affine varieties as
follows. Take an affine variety X and write Der(Ox) for the set of vector fields on X i.e.,
the set of derivations of the coordinate ring O x of X. Take a closed subvariety Y C X with
defining ideal Iy and consider the set of vector fields D(Y') := {6 € Der(Ox)| 6(Iy) C Iy}.
Geometrically these are the vector fields on X which lie tangent to the subvariety Y. This
set is equipped with a Lie algebra structure and a module structure over Ox and is called
the tangent algebra of Y.

One of the most thoroughly studied cases is when X is the affine space A™ and Y is
a union of hyperplanes in A" i.e., a hyperplane arrangement. In this case Y is given
by a homogeneous polynomial f and and D(Y) = {0 € Der(Ou))| 0(f) € (f)}. An
arrangement where D(Y) is a free Ogn-module is called a free arrangement. One may
associate a sequence of non-negative integers to such a free arrangement and these numbers
have an interpretation in the cohomology of the corresponding hyperplane complement.
The so called reflection arrangements are an example of a hyperplane arrangement. Here
a complex reflection group is acting irreducibly in a vector space and one takes the union
of fixed point hyperplanes of all reflections in the group for Y. Reflection arrangements
are known to be free arrangements.

A less familiar example is obtained by taking an algebraic torus 7" with coordinate ring
Or and a subvariety which is the union of a finite set of kernels of characters of 1. We
call this a toral arrangement. Recently I have succeeded in producing some interesting
examples where the module of derivations of O tangent to such a subvariety is free.
These arise in the theory of semi-simple algebraic groups and are also related to certain
hyperplane reflection arrangements. One goal of this research is to understand the theory
of such toral arrangements. Some of the questions I am particularly interested in are:
is there a connection between the freeness of such an arrangement and the cohomology
of the corresponding toral complement, explore further the connection between a toral

arrangement and the corresponding hyperplane arrangement obtained by taking the dif-
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ferential. In order to tackle these problems it is important to find more examples of free
toral arrangements.

Another focus of this research is to further explore tangent algebras. One possibility here
is to compute the Lie algebra (co)homology. In general, it is not clear that the Lie algebra
(co)homology is even finite-dimensional but in the case of hyperplane arrangements it is
possible to show the (co)homology is finite dimensional and so the problem of computing
the Lie algebra co(homology) is tractable. Below we outline some preliminary results on

the computation of the Lie algebra homology for the reflection hyperplane arrangements.

2. 0000

Let A be a finite collection of hyperplanes in A" and let D(A) be the set of derivations

of Opgn = Clay,...,2,] tangent to Jyc, H. It is easy to see that every hyperplane

0
ox;

of Upyea H is homogeneous. It follows from a result of Fuks and Gelfand that the Lie

arrangement contains the Euler vector field £ = Y | z;-— since the defining polynomial
algebra homology H;(D(A), A) with coefficients in any finite dimensional representation
A of D(A) is finite dimensional (the corresponding statement in cohomology is also true).

Consider a reflection arrangement as above i.e., GG is a complex reflection group act-
ing irreducibly in the affine space A™ and A is the set of all fixed point hyperplanes of

reflections in GG. Then the following is true:

e The Lie algebra homology of D(A) with coefficients in the trivial representation C
is non-zero of dimension one in degrees zero and one, and is zero elsewhere. That
is,

C, i=0,1;

0, otherwise.

3. 0o

gooo

1. December 8th 2003, Tokyo Metropolitan Univeristy. Title: Modules of derivations

for semi-simple groups

2. March 3rd 2004, Nagoya University. Title: Modules of derivations and semi-simple

groups
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4. 000

With the support of the COE program I was able to visit the Graduate School of
Mathematics in Nagoya University for discussions with T.Shoji and other colleagues on
my research in the COE program from March 3rd to March 5th. During my visit I also

gave a presentation. This was a very instructive and productive visit.
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0000 | Payoff improvement of measurable alpha-cores through communications

0000 | The purpose of this paper is to clarify the relationship between coarse
a-core and fine a-core in strategic form games with differential informa-
tion. We analyze the role of information transmission among members
in a coalition.
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0000 | Ong Seng Huat (University of Malaya)

0000 | Discrete Orthogonal Moments For Image Analysis

0000 | Recently Mukundan, Ong and Lee ([1], [2]) and Yap et al. [3] intro-

duced the discrete Tchebichef and Krawtchouk moments, respectively,
for image analysis. These moments have been shown to be useful as
pattern features in the analysis of two-dimensional images. One of the
advantages of these moments is that their implementation does not in-
volve any numerical approximation because the basis set is discrete in
the domain of the discretized image coordinate space. In this presen-
tation, these moments will be reviewed, and further generalizations in
terms Hahn moments are introduced. A number of properties of these
moments useful in feature representation and applications will be dis-
cussed.

[1] R. Mukundan, S.H. Ong, P.A. Lee,* Image analysis by Tchebichef
moments” , IEEE Trans. Image Processing, vol. 10, issue 9, pp. 1357-
1364, Sept. 2001

[2] R. Mukundan, S.H. Ong, P.A. Lee," Discrete Orthogonal Moment
Features Using Tchebichef Polynomials” International Conference on
Vision and Image Computing New Zealand 2000, November 27-29 2000,
University of Waikato, Hamilton, New Zealand
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[3] Yap P.T., P. Raveendran, S.H. Ong;," Image Analysis by Krawtchouk
Moments” , IEEE Trans. Image Processing, vol. 12, no. 11, November
2003
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0000 | Hao Shen (Shanghai Jiao Tong University)

0000 | Existence of Resolvable Group Divisible Designs

0000 | A group divisible design with block size k, group size m and index A,
denoted GD(k, A, m;v), is an ordered triple (X, G, A), where X is a v-set
of elements, G is a set of m-subsets (called groups) of X, and A is a
collection of k-subsets (called blocks) of X such that G forms a parti-
tion of X and each pair of distinct elements of X from same group is
contained in no blocks and each pair of elements from distinct groups is
contained in precisely A blocks. A GD(k, A\, m;v) is called resolvable and
denoted RGD(k, A, m;v) if all the blocks can be partitioned into paral-
lel classes. The existence problem for resolvable group divisible designs
has been studied extensively since 1970’s and tremendous progress has
been obtained. The purpose of this talk is to survey the known re-
sults and give some new progress on the existence and construction of
RGD(k, A\, m;v)s. We will focus our attention on the case k = 4.

0000 | Dianhua Wu

O000O | Generalized Steiner systems

0000 | The concept of an H-design was first introduced by Hanani as a gener-

alization of Steiner systems (the notion of H-design is due to Mills). An
H(v, g, k,t) design is a triple (X, G, B), where X is a set of points whose
cardinality is vg, and § = {Gy,--- ,G,} is a partition of X into v sets
of cardinality ¢g; the members of G are called groups. A transverse of G
is a subset of X that meets each group in at most one point. The set
‘B contains k-element transverse of G, called blocks, with the property
that each t-element transverse of G is contained in precisely one block.
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When t = 2, an H(v, g, k, 2) is just a group divisible design of group type
g* and denoted by k-GDD(g"). Etzion stated that an optimal (g + 1)-
ary (v,k,d) constant weight code (CWC) can be constructed from a
given H(v, g, k,t). In the code which is related to an H(v, g, k,t), we
want that the minimum Hamming distance d is as large as possible. The
reason is that the minimum Hamming distance d is related to the ability
of error correcting and error detecting. It is not difficult to see that
k—t+1<d<2(k—t)+1. According to Etzion, an H(v, g, k,t) which
forms a code with minimum Hamming distance 2(k — t) 4+ 1 is called a
generalized Steiner system GS(¢, k,v,g). An H(v, g, k,t) which forms a
code with minimum Hamming distance d was denoted by GS,(t, k, v, g).
In this talk, I will present a survey of the current results on generalized

Steiner systems and mention some open problems.

0000 | Dean G. Hoffman (Auburn University)
0000 | Gregarious G-Designs, G-Orthogonal Arrays, and Graph Homomor-
phisms
0000 | There are direct constructions for designs, and recursive ones. Typi-
cally, it is the direct constructions that lean heavily on algebraic tech-
niques. Here we give an algebraic underpinning to a common recursive
technique, and equate it to a generalization of orthogonal arrays ( =
mutually orthogonal latin squares). The notion of a graph homomor-
phism, in this context, reveals a critical role played by the chromatic
number of G in the construction of G-designs.
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ooo OO0 150 110 280000
0000 |00000000000000000
0000 | Star forests in graphs
0000 |000 star 000000 OO0ODOOODOOODOOODOOODODOO
000000000000 DODOO000000OooobDoOoOoOo star
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OO000 | A lower bound for the circumference of a k-connected graph
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googg Vladimir Levenshtein (Keldysh Institute for Applied Mathematics,
Russian Academy of Sciences)

0000 1 | Combinatorial problems motivated by comma-free codes

0000 2 | Coding theory and Two-Stage Testing Algorithms
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0000 | Dening Li (West Virginia University/ 000000 )
0000 | Conical Shock Waves in Supersonic Flow
O000 | Conical shock waves are generated as sharp conical solid projectiles flies
supersonically in the air. We study such conical shock waves in steady
supersonic flow using isentropic Euler system. The linear stability and
existence of such conical shock flow are established under the assump-
tion of supersonic downstream flow, in addition to the usual entropy
condition.
00d
oo o0 150 100 220000
0000 | Ansgar Juengel (Univ. Mainz)
0000 | Fluiddynamical models for modern semiconductor devices
0000 | For ultra-small semiconductor devices in which quantum effects are
present, the corresponding mathematical models have to incorporate
the quantum mechanical phenomena. Roughly speaking, these models
can be divided into two classes: microscopic and macroscopic quantum
models. Microscopic models include quantum kinetic equations, like the
Wigner equation and the Wigner-(poisson-) Fokker-Plank model, and
Schroedinger-Poisson systems. It has been known since the early days
of quantum mechanics that these microscopic models can be written in
hydrodynamic form using macroscopic quantities like electron density or
current density. The hydrodynamic form of quantum kinetic equations
is termed quantum hydrodynamic models.
00d
oo OO0 150 100 280000
0000 (000000 (@©Cooooon)
0000 | An Operatorial Approach to The Navier-Stokes Equations in a Half
Space with Non-decaying Initial Data
0000 |nO000D0000D0000DO0 Navier-StokesOOOOOO-000000

0000, |zl —coc00000000O0O0O0OO0OOOOO,000000
goboogg.

148




oo

ooo 00 150 110 60000
0000 | Charles D. Levermore (Univ. Maryland)
0000 | Gas Dynamics Beyond Navier-Stokes
O000O | Regimes where intermolecular collisions are important but not numerous
enough to bring a gas into local thermodynamic compressible Navier-
Stokes equations do not model a gas correctly while Boltzmann or
particle-based simulations are prohibitively that extend into the transi-
tion regime and that formally locally dissipate entropy.
000
ooo 00 150 110 120000
0000 | G. Seregin (00000 0O /Steklov Institute Math.)
0000 | Navier-Stokes with lower bound on pressure
O000 | We prove that weak solutions of the three-dimensional incompressible
Navier-Stokes equations are smooth if the negative part of the pressure
is controlled, or if the positive part of the quantity |v|*+2p is controlled.
000
ooo 00 150 110 190000
0000 (00000 (D0ooooooooooooo)
0000 |0000000D000000
0000 | We consider the existence of solution for the point-source blast wave
propagation caused by instantaneous explosion. No similarity solutions
of the Euler equations satisfy the conservation law on the shock front,
so far as the atmospheric pressure ahead of the shock is not neglectable.
To describe the initial state it is imposed that total amount of energy
carried by the blast wave is constant. By a hodograph transform this
free boundary problem is converted into an eigenvalue problem for a
system defined on a bounded rectangle such that this initial state as-
sumption is satisfied. The solution is prescribed in the form of power
series expansion in one of the variables y = C?/U? for the front shock
speed U and the sound velocity C'. Its convergence is shown by ap-
plying the fixed point theory of contractive mapping defined through
linearization of the system. Our solution is local in y and exact there.
000
ooo 00 150 120 170000
0000 (00000 (D0oooooo)
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Shu-Ang Zhou (Korolinska Institutet, Sweden)

gooo

Electrodynamics of Moving Deformable Superconductors

gooo

An electrodynamic theory for deformable superconductors is proposed,
in which the effect of inertia of superelectrons, the effect of anisotropy,
the vortex dynamic effect, the thermoelastic, thermomagnetic effects
may all be taken into account self-consistently. It is shown in the the-
ory that the commonly used hypothesis that macroscopic electromag-
netic properties of moving media in an instantaneous rest-frame are
unaffected by acceleration of the moving media is not appropriate for
modelling superconductors even at the low velocity and low accelera-
tion approximations. This implies also the fact that the classical ways
of generalising Minkowski’s theory to model moving deformable media
is not appropriate to model moving deformable superconductors.
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A. Mahalov (Arizona State Univ.)
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3D Navier-Stokes and Euler Equations with Uniformly Large Initial
Vorticity (I)
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A. Mahalov (Arizona State Univ.)
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3D Navier-Stokes and Euler Equations with Uniformly Large Initial
Vorticity (II)

gooo

We prove existence on infinite time intervals of regular solutions to
the 3D Navier-Stokes Equations for fully three-dimensional initial data
characterized by uniformly large vorticity; smoothness assumptions for
initial data are the same as in local existence theorems. There are no
conditional assumptions on the properties of solutions at later times, nor
are the global solutions close to any 2D manifold. The global existence
is proven using techniques of fast singular oscillating limits and the
Littlewood-Paley dyadic decomposition. The approach is based on the
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computation of singular limits of rapidly oscillating operators and can-
cellation of oscillations in the nonlinear interactions for the vorticity
field. With nonlinear averaging methods in the context of almost pe-
riodic functions, we obtain fully 3D limit resonant Navier-Stokes equa-
tions. We establish the global regularity of the latter without any re-
striction on the size of 3D initial data. With strong convergence the-
orems, we bootstrap this into the global regularity of the 3D Navier-
Stokes Equations with uniformly large initial vorticity.

00an
Oo0ad 00 160 30 180000
0000 (00000 (D0ooooo)
D000 |DO000000000000 Navier-StokesOOOOOOODOODOOO
O000 | We consider the asymptotic behavior of a spherically symmetric motion
of ideal polytropic gas in the field of external force over an unbounded
exterior domain in R"(n > 3).
00an
Oo0ad 00 160 30 190000
0000 | Edriss S. Titi (Weizmann Institute, Israel)
0000 | Mathematical Study of Certain Geophysical Models
0000 | The basic problem faced in geophysical fluid dynamics is that a math-

ematical description based only on fundamental physical principles,
which are called the” Primitive Equations” , is often prohibitively ex-
pensive computationally, and hard to study analytically. In this talk we
will survey the main obstacles in proving the global regularity for the
three dimensional Navier—Stokes equations and their geophysical coun-
terparts. However, taking advantage of certain geophysical balances
and situations, such as geostrophic balance and the shallowness of the
ocean and atmosphere, geophysicists derive more simplified and man-
ageable models which are easier to study analytically. In particular, I
will present the global well-posedness for the three dimensional Benard
convection problem in porous media, and the global regularity for a
three dimensional viscous planetary geostrophic models. Furthermore,
these systems will be shown to have finite dimensional global attractors.
If time allows I will present the deriviation of certain two dimensional
shallow water approximate models for the three dimensional Euler equa-
tions in a basin with slowly spatially varying topography, the so called

Lake Equation” and® Great Lake Equation” , which should represent
the behavior of the physical system on time and length scales of interest.
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These approximate models will be shown to be globally well-posed. I will
also show that the Charney-Stommel model of the gulf-stream, which
is a two dimensional damped driven shallow water model for ocean
circulation, has a global attractor. Whether this attractor is finite or
infinite dimensional is still an open question.
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Oodd | Paolo PiazzaOl O OO 0O OO
0000 | OHigher signatures and elliptic operatorsU 0 0 0000000000
O000 | In this first talk I will speak about the signature operator on compact
manifolds. I will explain the Atiyah-Singer index theorem for the sig-
nature operator and how it allows to reprove the Hirzebruch signature
formula. I will then move to manifolds with boundary and explain the
Atiyah-Patodi-Singer index theorem and its topological consequences.
This first talk should be thought of as an introduction to the colloquium.
However, the colloquium will be independent of the first talk.
o0ogd
Oo0ogd OO0 150 90 10 (O)
OoOdd | Paolo PiazzaOl OO OO OO
0000 | Higher signatures and elliptic operators, 11
0000 | In this talk I will discuss recent results in collaboration with Thomas
Schick. On an odd dimensional manifold without boundary it is possible
to define the Atiyah-Patodi-Singer rho invariant; it is a difference of
suitably defined eta invariants. Keswani has proved that if the Baum-
Connes map for the maximal C*-algebra of the group is bijective, then
this rho-invariant is a homopopy invariant. I will present a new proof
of this fact, together with new results following from this new proof.
Oo0gd
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0000 | Daniel Sternheimer (Universite de Bourgogne)
0000 | Deformations and Physics Model Building: Examples and Epistemolog-
ical Implications
0000 | The effectiveness of mathematics in physics, and vice-versa, is, Wigner

notwithstanding, very reasonable. A perfect example is given by de-
formation theory, a powerful tool in modeling physical reality. We
start with a short historical and philosophical review of the context
and present three directions where deformation theory is essential in
bringing a new framework: When Minkowskian space-time is deformed
into Anti de Sitter, massless particles become composite, which opens
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new perspectives in particle physics. Important results for nonlinear
group representations and covariant field equations are obtained when
these are viewed as a deformation of their linear (free) part. Last but not
least, classical mechanics on a Poisson phase space can be deformed to
quantum mechanics; this frontier domain in mathematics and theoret-
ical physics, deformation quantization, has now multiple ramifications,
avatars and connections going from algebraic geometry to M-theory.
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0000 | Lattice path combinatorics and asymptotics of multiplicities of weights
in tensor powers.

O000 | We give asymptotic formulas for the multiplicities of weights and irre-
ducible summands in high-tensor powers V/\®N of an irreducible represen-
tation V) of a compact connected Lie group G. The weights are allowed
to depend on N, and we obtain several regimes of pointwise asymptotics,
ranging from a central limit region to a large deviations region. We use
a complex steepest descent method that applies to general asymptotic
counting problems for lattice paths with steps in a convex polytope.
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0000 | Foliations associated with Nambu-Jacobi structures

O000 | We define a Nambu-Jacobi structure as a bracket of several functions
which satisfies the Fundamental Identity. Then we express the Nambu-
Jacobi structure in terms of two tensor fields and show the necessary and
sufficient conditions they should satisfy. We investigate the foliations
associated with a Nambu-Jacobi structure. This allows us to give many
examples of Nambu-Jacobi manifolds.
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0000 | Ke Wu (Academia Sinica)

0000 | Global solution of Einstein-Dirac equation on conformal space

0000 | The difference between Riemann and Lorentz spinor manifolds of four

dimensions is that the Dirac operator of the former is elliptic and that
of the latter is hyperbolic. Moreover the spinor group of the former is
a compact group and that of the latter is a noncompact group which is
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isomorphic to SL(2,C). Hence the results and their interpretation com-
ing from the two theories are different. In this talk, we study only the
Lorentz spinor manifold and, in particular, the solutions of Einstein-
Dirac equations on the conformal space, which is closely related to the
AdS/CFT correspondence.
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0000 |DO0DO00oO0Ooooooo
0000 | spin-c Dirac 000000 OO Fourier-Dedekind 00000000000
0000 | The main purpose of this talk is to explain a generalization of a reci-
procity law of a trigonometric sum which are related to the index of the
spinc Dirac operator on higher-dimensional weighted projective spaces.
We use Atiyah-Singer-Kawasaki V-index theorem for the weighted pro-
jective spaces, which are V-manifolds, to derive a reciprocity formula.
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0000 |Sam YatesOODOOOOOODOOODO
O000 | Continuity of the spectral density function of algebraic Harper operators
O 000 | The Harper operator acts on functions over the vertices of a graph with
a free action of a discrete group, as defined by Sunada, and arises in the
study of the quantum Hall effect and fractional quantum Hall effect. In
the case that the group is amenable, and when the Harper operator H
satisfies some algebraicity constraints, the eigenvalues of the operator
must be algebraic. Further, the spectal density function can be shown
to obey a weak log Holder continuity property, and the Fuglede-Kadison
determinat of H — A can be shown to positive at some algebraic points
A in the continuous spectrum. These results are presented for a class
of operators that include the Harper operator, together with a vector-
valued generalization.
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0000 |0000O0oooago
0000 | Geometric and analytic properties in the behavior of random walks on
nilpotent covering graphs
0000 | In this talk, we introduce geometric and analytic properties in the be-
havior of random walks on nilpotent covering graphs.
(1) Central limit theorem
(2) Berry-Esseen type theorem
(3) Gaussian estimates for the transition probability
(4) Lp boundednesss of the Riesz transform
0o0ogd
ooo 00 150 120 80 (O)
0000 | Sylvie Paycha (Univ. Blaise Pascal)
O000O | Regularised integrals of symbols: of their uses in geometry and physics
0000 | Extending the ordinary trace on matrices to a linear functional on

pseudo-differential operators on a closed manifold, requires regularizing
integrals of symbols of such operators. We discuss and compare vari-
ous ways of extracting a“ finite part” of otherwise diverging integrals
of symbols. We also discuss the case of iterated integrals that arise in
quantum field theory. Such regularized integrals lead to the Kontsevich-
Vihik canonical trace on non integer order pseudo-differential operators,
from which one can build, extracting here again a finite part, a linear
functional on integer order pseudo-differential operators which we call

weighted trace” . Weighted traces can sometimes serve as a substitute
for the ordinary trace; e.g. they can be used to build & first Chern
form” on a H'/? based loop groups. But in general, leaving out a ”finite
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part” leads to various discrepancies. We discuss how this type of dis-
crepancy leads to anomalous phenomena in geometry and quantum field

theory.
0o0ogd

Oo0ogd 00 150 120 150 (O)

0000 |000DOO0bOoooood

O000 | Variational Principles, Dirac Structures and Implicit Lagrangian Sys-
tems

O000O0 | This talk is based on a joint research with Jerrold Marsden at Caltech.
In our talk, we develop a framework of it implicit Lagrangian systems in
conjunction with Courant-Weinstein’ s Dirac structure in the context of
variational principles, which is applicable even to degenerate Lagrantian
systems. We illustrate how the implicit Lagrangian system is liked to
the variational principle, and also how the Lagranged ' Almebert prin-
ciple can be incorporated into the framework of the implicit Lagrangian
system, together with applications to interconnected systems such as
non-holonomic constrained systems and L-C circuits.

0ood

ood 00 160 10 130 (O)

0000 | Daniel Sternheimer (Universite de Bourgogne)

O000 | On the connection between internal and external symmetries of elemen-
tary particles - revisited after 40 years.

0000 | In 1964 Flato and I started working on the problem. In 1965 our objec-

tion to the “O’Raifeartaigh theorem” caused some turmoil, even after
we completed it by counterexamples. The “Coleman-Mandula theo-
rem,” where the claimed result is in fact a hidden hypothesis, goes in
the same direction: to “show” there can be no connection other than
direct product. Nowadays it is clear that the question is more complex
than the particle spectroscopy of the 60’ s. Assuming (possibly an ef-
fect of compactified higher dimensions) a tiny negative curvature (anti
De Sitter) of space-time in the microworld, massless particles become
composite of “singletons” and we get (Flato-Fronsdal 1988) QED with
composite photons. Introducing singletons in 3 flavors, a subtle mix of
space-time and internal (including flavor) symmetries going beyond the
Standard Model, gives composite leptons that can be massified by Higgs
bosons (Fronsdal 2000) explaining neutrino oscillations, predicting new
heavy mesons and posing challenging mathematical problems. Hadrons
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remain to be treated in that spirit, e.g. with quarks composed of sin-

gletons.
0ood
ood 00 160 20 20 (O)
0000 | Pavel Bleher (Indiana University-Purdue University Indianapolis)
0000 | Large N limits in random matrix models
0000 | Random matrix models are defined as unitary invariant ensembles of

Hermitian random N times N matrices. They have many applications
to high energy physics, solid state physics, quantum chaos, statistical
physics on random surfaces, combinatorics, number theory, etc. The
main problems concerning the random matrix models are related to the
large N limits of the partition function and correlations between eigen-
values of the random matrices. The theory of random matrix models
is closely related to the theory of integrable systems, Riemann-Hilbert
problem, and orthogonal polynomials with exponential weights. In the
talks we will give an introduction to the theory of random matrix models
and describe some recent results on the large N limits in these models.
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8.7 Dynamics and Arithmeics 0O 0 [0 [

000
ood 00 150 100 40 (O)
0000 | S. Troubetzkoy (IML, Marseille)
O000O | How complex is the game of billiards
OdoOdd | Iwill review various results on the metric entropy, topological entropy,
word complexity and growth of generalized diagonals of polygonal bil-
liards and then compare the results.
000
ooo 00 150 100 160 (O)
0000 | J. Aaronson (Tel Aviv)
0000 | Exchangeable measures for subshifts
O000 | We attempt to identify invariant measures for the exchangeable relation
restricted to Markov and beta subshifts. Joint work with Nakada and
Sarig.
000
ood 00 150 120 40 (O)
0000 |00000D00DbO0DO0OO0ODbO0bOooo
0000 |00000DO0DO00D00D00bO0obO0oboooboog
0000 |000000000000O00bO00ooOo00oOo00oooO0oobOoOooDO
00000000 0oooooooogn
000
Oo0ogd 00 160 10 220 (O)
0000 | D. Dolgopyat (University of Maryland)
O000 | Regularity of Physical Measures
0000 | The question of differentiability of physcial measures with respect to

parameters has several applications in geometry, ergodic theory, differ-
ential equations and statistical mechanics. This question is quite well
understood in uniformly hyperbolic setting. In this talk we concentrate
on systems with singularities. We discuss several examples and present
open problems.
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goo OO0 160 20 70 (O)

0000 | Jakov B. Pesin (Pennsylvania State University)

0000 | Dynamics of the Discretized FitzHugh-Nagumo Equation.

0000 | will consider the FitzHugh-Nagumo PDE. It is well-known in neuro-
science and is used to describe the propagation of voltage impulse
through a nurve axion. Its discrete version provides a competing model
that I discuss in the talk. I present some results on the dynamics of the
evolution operator on the space of traveling wave solutions and in par-
ticular, show that this dynamics changes from Morse-Smale type to a
chaotic attractor to a horseshoe as a leading parameter (corresponding

to the Reynolds number) of the system varies.
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89 UUOOUOOOOODOOO

000
ood 00 150 100 60 (O)
0000 |0000000D000000
0000 | Payoff improvement of measurable alpha-cores through communications
variety for a society
O 000 | The purpose of this paper is to clarify the relationship between coarse
a-core and fine a-core in strategic form games with differential informa-
tion. We analyze the role of information transmission among members
in a coalition. In this paper it is proved that players can be better off
through communications.
000
ood 00 150 100 200 (O)
0000 |00000D00DO0DO0O00
O000 | Punishment strategies make the a-characteristic functions ordinal con-
vex and balanced
O000 | We present a sufficient condition for the a-characteristic function of
a strategic form game to be balanced, ordinal convex, and marginal
convex. The n-person prisoners’ dilemma games satisfy this condition.
000
Oo0ogd 00 150 100 270 (O)
0000 |00000D00D0O0O0
0000 | Nonparametric maximum likelihood estimation of probability measures:
existence and consistency
O000 | This paper formulates the nonparametric maximum likelihood estima-
tion of probability measures and generalizes the consistency result on
the maximum likelihood estimator (MLE). We drop the independence
assumption on the underlying stochastic process and replace it with the
assumption that the stochastic process is stationary and ergodic. The
present proof employs Birkhoff’s ergodic theorem and the martingale
convergence theorem. The main result is applied to the parametric and
nonparametric maximum likelihood estimation of density functions.
Mathematics Subject Classification (2000): Primary 62G20; Secondary
62G07, 62F12
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Multiple Price Equilibria in a Customer Market

gooo

This paper considers the existence of multiple price equilibrium in a
customer market, in which customers can purchase an indivisible com-
modity at low-price stores with congestion effects. The multiple price
Nash equilibria exist and the market has a prisoner’s dilemma charac-
teristic.

oo

goo

00 150 110 110 (O)

gooo

Volker Béehm (Bielefeld University)

gooo

CAPM Basics

gooo

This paper discusses demand behavior of consumers and existence of
equilibria for the standard capital asset pricing model (CAPM) with
one riskless and finitely many risky assets, mean variance preferences
of consumers, and subjective expectations. By treating individual ex-
pectations explicitly and parametrically, the model encompasses the de-
scription of individual as well as aggregate demand behavior for hetero-
geneous expectations. The paper provides a basic factorization formula
for individual asset demand which implies the mutual fund property for
agents with homogeneous expectations. This approach unveils some of
the hidden structural features of the CAPM model often not discussed
in the literature. Applying notions from standard static consumer the-
ory, a characterization of the demand for risk from assumptions on risk
preference is provided. The paper provides sufficient conditions on pref-
erences to generate differentiable and globally invertible asset demand
behavior of consumers parameterized by wealth and arbitrary subjec-
tive expectations. In addition, the paper proves existence, uniqueness,
and determinacy of equilibria for the case of arbitrary homogeneous
expectations, thus complementing amending, and generalizing existing

results. Examples indicate to what extent the conditions are necessary.
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0000 |0000000D000000

0000 | Coalition Games with Directed Communication Paths

0000 |00DO0O0O0O00bOOO00000oooobOoObO0ob00ooobDDbDooOD
000000000000 0o000o0D00oooooogooogoog
0000000bO00O000O0o0ooO0oobOoooDoboOOoboboOoboboog
O000oooooooooooooooobooboooOdoooooong
O0000000000000000000000000 Myerson(1977)
0000000000000 0D0DO00Oo00oo0oooooboooood
000000000000 0DO00DO00ooO0oooOoooboboOoboboog
0000000000000 0ooooooooooooooooog
O000DO0O0O0o0O0OO

000

ooo 00 150 120 150 (O)

0000 |000000Ooogo

OO00O0O | On an Interaction between Monetary Environment and Incentive Com-
patibility: A Case of Dynamic Insurance Contract

OO0O0O | This paper examines an interaction between monetary environment
and incentive compatibility conditions of dynamic insurance contracts.
In particular, it demonstrates that incentive compatibility constraints
could be relaxed with higher rates of inflation, so that more efficient in-
surance contracts are implementable in inflationary environment. This
dependence of incentive compatibility constraints on inflation rates mit-
igates welfare costs of money-holdings due to inflation, thereby raising
optimal steady-state rates of inflation to some extent.

000

ooo 00 160 10 80 (O)

0000 |00000D00DbO0DO0OO0ODbO0bOooo

0000 | Secure Implementation: Strategy-Proof Mechanism Reconsidered

0000 | Strategy-proofness, requiring that truth-telling is a dominant strategy,

is a standard concept used in social choice theory. However, the con-
cept of strategy-proofness has serious drawbacks. First, announcing
one’s true preference may not be a unique dominant strategy, and using
the wrong dominant strategy may lead to the wrong outcome. Second,
almost all strategy-proof mechanisms have a continuum of Nash equilib-
ria, and some of which produce the wrong outcome. Third, experimental

evidence shows that most of the strategy-proof mechanisms
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do not work well. We argue that a possible solution to this dilemma
is to require double implementation in Nash equilibrium and in dom-
inate srategies, which we call secure implementation. We characterize
environments where secure implementations is possible, and compare it
with dominant strategy implementation. An interesting example of se-
cure implementation is a Groves mechanism when preferences are single-

peaked.

Journal of Economic Literature Classification Number: C92, D71, D78,
and H41.

O0ad
ood 00 160 10 190 (O)
0000 |DO0DO00oO0Ooooooo
0000 | Convergence theorems for £,-norm minimizers and a new approximation
of the nucleolus
0000 | We investigate a new type of convergence theorem to the nucleolus of
an n-person cooperative game. First, we define an /,-nucleolus as a
generalization of the least square nucleolus of Ruiz et al. (1996) to a
kind of £, norm minimizer. Next, we deal with the convergence of the
¢,-nucleolus to the nucleolus as p — oo. This result gives not only a ew
characterization of the nucleolus, but also a new approximation method
to calculate the nucleolus.
00an
ooo 00 160 30 20 (O)
0000 | Joaquim Silvestre (University of California, Davis)
0000 | Reflections on Gains and Losses: A 2 x 2 x 7 Experiment
0000 | What determines risk attraction or aversion? We experimentally ex-

amine three factors: the gain-loss dichotomy, the probabilities (0.2 vs.
0.8), and the money at risk (7 amounts). We find that, for both gains
and losses and for low and high probabilities, the majority display risk
attraction for small amounts of money, and risk aversion for larger
amounts. Thus, when examining the risk attitudes of the majority,
what matters is the amount of money at risk, and not the gain-loss
dichotomy, or the probabilities. Yet the frequency of risk-attraction
behavior does vary according to the gain-loss dichotomy and to the
probabilities involved. Since Kahneman and Tversky, the literature has
studied gain-loss refrections. We submit that a reflection can be decom-
posed into a “translation” and a probability “switch”. We find (a)
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a translation effect for low probabilities of the bad outcome, but not for
high ones; (b) a strong switch effect for gains, but not for losses, and
(c) a strong reflection effect for high probabilities of gains, but not for
low ones. We also argue that, while both the translation effect and the
switch effect contradict the expected utility hypothesis, the translation
effect implies a deeper violation of preference theory, invalidating non-
paternalistic welfare economics.
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20030 100 230000

10:00-11:00

00o00bOooboooboooooo
Bosonic quantum principal bundles

11:15-12:15

O0o0O0D0D0DoOOo0oooogoogdg
A realization of a bounded homogeneous domain in the Siegel
disk

g

13:30-14:30

00000 Freelanced

Zeta regularization and noncommutative geometry

14:45-15:45

gogoboboooogobooogo
ggbbbouoogoobbooogoon

16:00-17:00

ggbbooogobobbuoooon
O0b00o0obo0oobooobboooboooDogn Fleer OO
HRN

17:15-18:15

00oo0d0oodopooooaon
Quantization without position operators

20030 100 240000

10:00-11:00

gdooouououoouo
Special submanifolds of Dirac manifolds

11:15-12:15

000O000DOooooooogood
Star exponential functions and Zs-gerbes

g

13:30-14:30

oooobooooooo
Stratified reduction of n-body dynamical systems with rotational
symmetry

14:45-15:45

ooooooooooo
On representations of Poisson algebras of the Kepler problem
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9.2 International Workshop on Ergodic Theory of
Number Theoretic Transformations and Related
Topics

gob ogobbbooooooood
gbb ogobbdoogoon

Program

20030 120 170000

13:30-14:20 | Opening Address: F. Schweiger (Salzburg)

Ergodic theory of multidimensional continued fractions
14:30-15:20 | M. Yuri (Sapporo)

Large deviations for countable to one Markov systems
15:50-16:40 | D. H. Kim (KIAS)

The waiting time for the irrational translation
16:50-17:40 | H. Nakada (Keio)

On phi-mixing property of beta-transformations

20030 120 18000 O

9:30-10:20 | K. Nakaishi (Tokyo)

Strong convergence of additive MCF' algorithms

10:30-11:20 | Sh. Ito (Kanazawa)

Fractals and tilings in ergodic theory I - on Doiphantine applox-

imations -

13:30-14:20 | T. Schmidt (Oregon)

Commensurable continued fractions

14:30-15:20 | R. Natsui (Keio)

On the group extension of the non-archimedean continued frac-

tion transformation
15:50-16:40 | Short communications B.K. Seo (KAIST)
Asymptotic behaviors of the first return time of translations on

a torus

E. Deligero (Keio) On the central limit theorem for non-
archimedean diophantine approximations
16:50-17:40 | M. Stadlbauer (Bielefeld)

On a measure preserving transformation acting on the limit set

of a Kleinian group (joint work with Bernd O. Stratmann)
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20030 120 190000

9:30-10:20

M. Mori (Nihon)
Discrepancy of sequences generated by dynamical system

10:30-11:20

Sh. Ito (Kanazawa)
Fractals and tilings in ergodic theory II - on Pisot substitutions

ERERE

13:30-14:20

C. Kraaikamp (Delft)

A new continued fraction algorithm with non-decreasing partial
quotients (joint work with Fritz Schweiger, Jun Wu, and Yusuf
Hartono)

14:30-15:20

J. Hatomoto (Tokyo Metropolitan)
Ergodic measures and entropies for SRB-attractor

15:50-16:40

R. Abe
On the geometry of Markoff numbers: an approach to the three
dimensional case

16:50-17:40

G. H. Choe
Design of rigorous computer simulations of dynamical systems
based on the Lyapunov exponent

20030 120 200000

9:30-10:20

H. Ei (Chuo)
An atomic surface of an invertible substitution of rank d and its
boundary

10:30-11:20

Sh. Ito (Kanazawa)
Fractals and tilings in ergodic theory III - on beta expansions -

11:30-12:20

Closing Address: M.S. Keane (Amsterdam, Keio Wesleyan)

The binomial transformation
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9.3 Modeling, Mathematics, and Computation

gbb ooobbooooobbod
gob ooobbuoooon

Program

20040 10 190000

15:00-17:00

Diego Pallara (Lecce University, Italy)
Special functions of bounded variation in doubling metric mea-

sure spaces

Koji Kikuchi (Shizuoka University, Japan)
Linear approximations to quasilinear hyperbolic equations hav-
ing linear growth energy

Volker Pluschke (Martin-Luther-University Halle-Wittenberg,
Germany)
A free boundary value problem in a multi-component domain

Kouichi Asakura (Keio University, Japan)
Spontaneous formation of spatially periodic dewetting structure

20040 10 200000

13:00-13:30

Toshiaki Makabe (Keio University, Japan)
Multi-scale plasma etching model for next generation ULSI

13:40-14:40

Kenichi Kanatani (Okayama University, Japan)
Uncertainty modeling and geometric inference

14:50-15:50

Karol Mikula (Slovak University of Technology, Bratislava)
Image segmentation by Riemannian mean curvature flow

Diego Pallara (Lecce University, Italy)
Special functions of bounded variation in doubling metric mea-

sure spaces

Volker Pluschke (Martin-Luther-University Halle-Wittenberg,
Germany)
A free boundary value problem in a multi-component domain

16:00-17:00

Kenji Yasuoka (Keio University, Japan)
Molecular dynamics simulations by special purpose computer
MDGRAPE-2

Shinnosuke Obi (Keio University, Japan)
Alternative computational approaches to problems in fluid me-
chanics
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9.4 International Workshop on Combinatorics

gbb ooobbooooobbod
gbob ooobbooooboboooan

Program

20040 10200000

Invited Talk 1

13:30-14:20 | Marco Buratti, University of Perugia, Italy
Regular or rotational cycle decompositions
Session 1
14:30-15:00 | Ryoh Fuji-Hara, T'sukuba University
Some problems on finite projective geometries
15:00-15:30 | Hikoe Enomoto, Hiroshima University
Orthogonal (g, f)-factorization of a graph
Session 2
16:00-16:30 | Daniel Paulusma, University of Twente, the Netherlands
The computational complexity of the minimum weight processor
assignment problem
16:30-17:00 | Tomoki Yamashita, Kobe University
A degree condition for the circumference of a k-connected graph
17:00-17:30 | Hajime Matsumura, Keio University
Vertex-disjoint cycles containing specified vertices and edges

20040 10210000

Invited Talk 2

10:00-10:50 | Robert E. L. Aldred, University of Otago, New Zealand
2-Factors in regular graphs

Session 3

11:00-11:30 | Kiyoshi Ando, University of Electro-Communications
Contractible edges in a 4-connected graph

11:30-12:00 | Atsuhiro Nakamoto, Yokohama National University

Generating 3-connected quadrangulations on surfaces

Lunch

Invited Talk 3

13:30-14:20

Vladimir Tonchev, Michigan Technological University, USA
Symmetric nets and generalized Hadamard matrices over groups
of order 4
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Session 4

14:30-15:00 | Masaaki Harada, Yamagata University
Self-orthogonal designs related to extremal doubly-even self-dual
codes
15:00-15:30 | Akihiro Munemasa, Tohoku University
On additive Steiner quadruple systems
Session 5
16:00-16:30 | Mariko Hagita, Nagoya Institute of Technology
Error-correcting sequence
16:30-17:00 | Mikio Kano, Ibaraki University
Balanced intervals of two sets of points on a line or a circle
17:00-17:30 | Shinya Fujita, Science University of Tokyo
Existence of vertex-disjoint subgraphs
18:00 - Party

20040 10 220000

Invited Talk 4

10:00-10:50 | Gloria Rinadi, University of Modena and Reggio Emilia, Italy
Fractrozations of complete graphs with vertex-regular automor-
phism groups

Session 6

11:00-11:30 | Ying Miao, Tsukuba University
Triangle-free packings for low-density parity-check codes

11:30-12:00 | Yukiyasu Mutoh, Keio University

Decompositions of a complete graph into colorwise simple edge-
colored graphs

Lunch

Invited Talk 5

13:30-14:20 | Akira Saito, Nihon University
Forbidden subgraph and matching in graphs
14:30-15:00 | Kenji Kimura, University of Electro-Communications
Factors and vertex-deleted subgraphs
15:00-15:30 | Jun Fujisawa, Keio University

Heavy paths and cycles containing some specified vertices in
weighted graphs
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9.6 UUOUOoOoooboooooobogoon

gbb ooobbodooagon
gob ooobbuoooon

0o0o0o
20040 20 30000
10:00-11:00 | ODO0ODODOODODOO
Magnetic transition operators on a crystal lattice
11:15-12:15 | 00000000000
Vanishing of cohomology groups and large eigenvalues of the
Laplacian on p-forms
00
14:00-15:00 | OD0O0OD0ODOODOOO
Boudary Area Growth and the Spectrum of Discrete Laplacian
15:15-16:15 |0 000000000
Random walks on nilpotent covering graphs
16:30-17:30 | Sam YatesO O OO OO
Algebraic eigenvalues and the Harper operator on non-amenable
20040 20 40000
10:00-11:00 |DOOOODOODOOO
Anderson localization for 2D discrete Schrédinger operators with
random magnetic fields
11:15-12:15 | 00000000000
Random magnetic fields on line graphs
00
14:00-15:00 | Pavel Bleher (Indiana Univ. - Purdue Univ. Indianapolis)
Double scaling limit in random matrix models and orthogonal
polynamials
15:15-16:15 |0 000O0O00DO0O0O0O
Matrix Brownian Motion and Quantum Graphs
16:30-17:30 |0 0O00ODOODOOO0O

Random Matrix Thoery and Polynuclear Growth Model
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10:00-11:00 (O0O0O0OO0O0OOOOO
Semiclassical ergodicity with Coulombic potentials
11:15-12:15 (0o dooooood

Probability distribution of metric measure spaces
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10 UK-Japan Winter School [ []

00000000 00DO00O00DbO0D0O00O00DOO0oDOD0OODbOO0ODOoDODbOODODO
Durham 0 0 0O O UK-Japan Winter School 00O O OO O 00O O O I Geometry and
analysis towards Quantum theoryO OO0 O OO0 000000000 DOOOOOODOOOO
M. AtiyahODODOOODOODOODOO

oooodo

Time Monday, 5 January

18:45 — 19:30 Dinner

Time Tuesday, 6 January

8:00 — 8:45 Breakfast

9:00 — 10:00 Registration and coffee

10:00 — 11:00 Richard Ward (University of Durham): Symmetric calorons
(and instantons, monopoles, skyrmions)

11:00 — 11:45 Coftee

11:45 -12:45 Alexander Veselov (University of Loughborough): Spectra of
Sol-manifolds: Geometry and Arithmetic (I)

13:00 — 13:30 Lunch

14:15 — 15:15 Akito Futaki (Tokyo Institute of Technology): Asymptotic
Chow semistability and integral invariants

15:30 — 16:30 Ed Corrigan (University of York): Integrable models with
boundaries and defects (I)

16:30 — 17:15 Tea

17:15 - 17:35 Man-yue Mo (University of Oxford): Twistor theory of Frobe-
nius manifolds

17:35 — 17:55 Toshihiro Shoda (Tokyo Institute of Technology): Com-
ponents of the moduli of trigonal minimal surfaces in 4-
dimensional flat tori

17:55 — 18:15 Martin Svensson (Lund University): Harmonic morphisms
from hyperbolic spaces

18:45 — 19:30 Dinner

19:30 — Wine reception
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Time

Wednesday, 7 January

8:00 — 8:45 Breakfast

9:00 — 10:00 Alexander Veselov (University of Loughborough): Spectra of
Sol-manifolds: Geometry and Arithmetric (1I)

10:00 — 10:30 Coffee

10:30 — 11:30 Ed Corrigan (University of York): Integrable models with
boundaries and defects (1I)

11:45 — 12:45 Paolo Piazza (University of Rome La Sapienza): Bordism and
rho-invariant

13:00 — 13:30 Lunch

14:30 — 15:30 Vadim Kuznetsov (University of Leeds): Well integrable and
completely separable

15:30 — 16:00 Tea

16:00 — 17:00 Hajime Sato (Nagoya University): Geometric structures and
differential equations

17:15 — 17:35 Shingo Kamimura (Keio University): Quantum homogeneous
spaces deformed by skew symmetric matrices

17:35 — 17:55 Akifumi Sako (Keio University): Ring structure of SUSY star
product and 1/2 SUSY Wess-Zumino model

17:55 — 18:15 Daisuke Kato (Keio University): The Poincare type lemma
for superspace

18:45 — 19:30 Dinner

Time Thursday, 8 January

8:00 — 8:45 Breakfast

9:00 — 10:00 John Rawnsley (University of Warwick): Symmetries of star
products (I)

10:00 — 10:30 Coffee

10:30 — 11:30 Simon Salamon (Imperial College): Explicit metric with
holonomy G» (1)

11:45 — 12:45 Mark Gross (University of Warwick): Amoebas of complex
curves and tropical curves (I)

13:00 — 13:30 Lunch

15:45 — 16:15 Tea

16:15 — 17:15 Kaoru Ikeda (Keio University): Construction of line bundles
on the iso-level set of Toda lattice and its application to quan-
tum cohomology

17:30 — 17:50 Rie Natsui (Keio University): Ergodicity of group extensions

of the non-archimedean continued fraction map
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17:50 — 18:10 Eveyth Deligero (Keio University): On the central limit
theorem for solutions of Diophantine approximations-non-
archimedean

19:00 — 20:30 Special dinner

Time Friday, 9 January

8:00 — 8:45 Breakfast

9:00 — 10:00 John Rawnsley (University of Warwick): Symmetries of star
products (1I)

10:00 — 10:30 Coftee

10:30 — 11:30 Simon Salamon (Imperial College): Explicit metric with
holonomy Go (1I)

11:45 — 12:45 Mark Gross (University of Warwick): Amoebas of complex
curves and tropical curves (II)

13:00 — 13:30 Lunch

14:45 — 15:45 Akito Hattori (University of Tokyo): Multi-fan and its orb-
ifold elliptic genus

15:45 - 16:15 Tea

16:15 — 17:15 Sir Michael Atiyah (University of Edinburgh): The geometry
behind some string theory dualities

18:45 — 19:30 Dinner

Time Saturday, 10 January

8:00 — 9:00 Breakfast

9:00 — 12:00 Discussion Day

191




11 Pathways Lecture Series[] []



[0 100 Pathways Lecture Series in Mathematics, Keio

ooo 0016010190000
15:00-16:00 0000000000000
16:30 - 18:00 Pathways Lecture Series

0000 | Prof. J.P. Bourguignon (CNRS-IHES/ Ecole polytechnique)

0000 | Holonomy: a unifying concept in Geometry bringing many surprises

0000 |0000O0oooago
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Oo0ad 000000000000 O0O10:30 - 12:00

0000 | Prof. J. P. Bourguignon (CNRS-IHES/ Ecole polytechnique)

O000 | Kahlerian Geometry, a Crossroad of Geometries
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0000 |00000000000000000000000000000000
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0 200 Pathways Lecture Series in Mathematics, Keio

goo

gdled 3040050011 001200180019002500260

gooo

Michael D. Spivak (Publish or Perish, Inc., President)

gooo

"Elementary Mechanics From a Mathematician = s Viewpoint”

Lecture 1: Introduction

Lecture 2: How Newton actually analyzed planetary motion

Lecture 3: Arguments about foundational questions, from Newton ' s
time to the present

Lecture 4: The basic conservation laws of mechanics, versus conserva-
tion of energy

Lecture 5, 6: Rigid bodies

Lecture 7,8 : How to do elementary physics problems (constraints) and
some not-so-elementary ones (statically indeterminate problems)

gooo

gogbobboooodn

gooo

Elementary mechanics courses face a dilenmma: interesting problems
about particles (”point masses”) generally require more mathematics
than the students can be assumed to know, while so-called elementary
problems almost always involve, in one way or another, concepts that
are usually regarded as even more advanced (e.g., rigid bodies). The
present lectures might be regarded as an outline of the kind of course
that could be given if one had the luxury of assuming that students
already knew any required mathematics. We will often refer to concepts
from differentiable manifold theory and differential geometry, but more
advanced mathematics will hardly ever be needed.
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12.1 Kick-off meeting

Integrative Mathematical Sciences:

Progress in Mathematics Motivatedby Natural and Social Phenomena
O00 0D0D0O0000000o0ogon
000 0000000000

Program

Morning Session (Overview of the 21st Century COE Program at Keio)

10:00 - 10:15

Opening address
Ichiro Inasaki (Dean of Faculty of Science and Technol-
ogy, Keio University)

10:20 - 10:40

Integrative Mathematical Sciences
Yoshiaki Maeda (The COE Leader, Keio University)

10:40 - 11:20

Overview of Transversal Project 1: Non-commutative
manifold and discrete geometric objects in the frame-
work of non-commutative geometry

Hitoshi Moriyoshi (Keio University)

Overview of Transversal Project 2: Analysis of nonlinear
phenomena in the framework of data science

Ritei Shibata (Keio University)

11:30 - 12:00

Possible directions for the Navier-Stokes equations in
the COE program

Gregory Seregin (Keio University/Steklov Institute, St.
Petersburg)

Afternoon Session (Scientific Program)

14:00 - 14:50 Holomorphic solutions of D-modules: classical results
and open problems
Pierre Schapira (University of Paris VI)

15:10 - 16:00 Concepts of infinite divisibility

Ole E. Barndorff-Nielsen (University of Aarhus)
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12.2 Noncommutative Geometry and Physics 2004

gbb ooobbuooogbbbooooobbodgo
gbobooooobboooogooo

Program
20040 20 260000
13:00 - 14:00 B. Fedosov (Potsdam)
Deformation quantization: pro and contra
14:15 - 15:15 J. Madore (Orsay)
On the regularization of space-time singularities I
15:15 - 15:45 Coffee Break
15:45 - 16:35 S. Iso (KEK)
Matrix models and Noncommutative geometry I
16:45 - 17:35 S. Iso (KEK)
Matrix models and Noncommutative geometry II
18:00 - 19:30 Welcoming Party

20040 20 270000

10:00 - 11:00 B. Fedosov (Potsdam)
On index theorem for symplectic orbifolds

11:30 - 12:30 H. Fuji (KEK)
Nonperturbative Aspects of Gauge Theories via Matrix
Models

14:00 - 14:50 K. Ito (TITECH)

N = 2 Supersymmetric U(1) Gauge Theory in Noncom-
mutative Harmonic Superspace

14:50 - 15:20 Coffee Break
15:20 - 16:10 G. Dito (Dijion)

Deformation quantization on a Hilbert space
16:20 - 17:10 C. Oikonomides (Keio Univ.)

K-theory and foliations
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20040 20 280000

10:00 - 11:00 J. Madore (Orsay)
On the regularization of space-time singularities 11
11:30 - 12:30 H. Steinacker (Miinchen)
Quantized Gauge theory on the fuzzy sphere as random
matrix model
14:00 - 14:50 M. Hamanaka (Nagoya Univ.)
Noncommutative Solitons and Integrable systems
14:50 - 15:20 Coffee Break
15:20 - 16:10 Y. Kimura (KEK)
Higher dimensional spherical D-branes and matrix
model
16:20 - 17:10 A. Inoue (Titech)

Witten’s deformed Laplacian and its classical mechanics

20040 30 1000

0

10:00 - 11:00 S. Waldmann (Feiburg)
Strong Picard groups of deformed x-algebrasStrong Pi-
card groups of deformed x-algebras

11:30 - 12:30 P. Polesello (Padova)
Algebroids of WKB-differential operators on symplectic
involutive manifolds

14:00 - 14:50 A. Cardona (Keio Univ.)
Anomalies and noncommutative geometry

14:50 - 15:20 Coffee Break

15:20 - 16:10 P. Bieliavsky (ULB)
Towards noncommutative locally anti-de Sitter (BTZ)
black holes

16:20 - 17:10 A. Sako (Keio Univ.)

Noncommutative Cohomological Field Theories and

Topological Aspects of Matrix Models
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20040 30 20000
10:00 - 11:00 K. Hashimoto (Univ. of Tokyo)
The shape of nonabelian D-branes
11:30 - 12:30 G. Landi (Trieste)
sigma-model instantons in noncommutative geometry I
14:00 - 14:50 J. Grant (Univ. Aberdeen)
Symmetries and Moduli Spaces of the Self-Dual Yang-
Mills Equations
14:50 - 15:20 Coffee Break
15:20 - 16:10 S. Watamura (Tohoku Univ.)
Fuzzy CPn and Line Bundle
16:20 - 17:10 N.K. Ho (National Cheng-Kung Univ.)

Connected components of surface group representations

20040 30 3000

0

10:00 - 11:00 K. Ono (Hokkaido Univ.)
Filtered Aoco-algebras associated to Lagrangian subman-
ifolds
11:30 - 12:30 G. Landi (Trieste)
sigma-model instantons in noncommutative geometry I1
14:00 - 14:50 H. Bursztyn (Tronto)
Picard groups in Poisson geometry
14:50 - 15:20 Coffee Break
15:20 - 16:10 R. Chang (Academia Sinica, Taipei)

Hamiltonian SU(2) and SO(3) actions
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12.3 Cherry Bud Workshop

gbb ooobbbodoooobboooobbbodao
gbob oogooboobbbodgd

Program

Sunday 21 March 2004

9:00 - Registration

9:30 - Opening
Ritei Shibata (Keio Univ.)

9:45 - Yoshitsugu Oono (Keio Univ./University of Illinois at
Urbana Champaign)
Data mining and system reduction for point processes.

10:30- Morning tea

11:00 - David Vere-Jones (Statistics Research Associates and
Victoria University of Wellington, NZ)
Long-range dependence and self-similarity for point pro-
cesses.

11:45 - Jiancang Zhuang (Institute of Statistical Mathematics,
Tokyo)
Visualizing goodness-of-fit of point-process models for
earthquake clusters.

12:30 - Lunch

14:15- Grace S. Shieh (Academia Sinica, Taiwan)
Reconstructing genetic networks from microarray gene
expression data.

15:00 - Afternoon tea

15:30 - Dan S. Wilks (Cornell University)
Space-time stochastic modeling of daily weather data:
"weather generators”

16:15 - Xiaogu Zheng (National Institute of Water and Atmo-
spheric Research, NZ)
Statistics in weather and climate predictions
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Monday 22 March 2004

9:00 - Toshinobu Shimoi (Keio Univ.), Daisuke Yokouchi (Keio
Univ.)

Estimation of motor neuron connectivity in earthworm
nervous system.

9:45 - Hiroto Ogawa (Saitama Medical School, Japan)
Optical imaging analysis of neural computation: inter-
nal representation and processing of sensory sugnals.

10:30 - Morning tea

11:00 - Kunihiko Shimazaki (Univ. of Tokyo)

Activation, quiescence, and b-value change of the back-
ground seismicity in inland Japan.

11:45 - Yan Y. Kagan (University of California at Los Angeles)
FEarthquakes: statistical analysis, stochastic modeling,
mathematical challenges.

12:30 - Lunch

13:30 - Yasumasa Nishiura (Hokkaido Univ.)

Unstable objects control the scattering process of mov-
ing particles in dissipative systems.

14:15- Shigeo Kamitsuji (Keio Univ.)

Data driven classification of protein sequences and iden-
tification of the preserved block.

15:00 - Afternoon tea

15:30 - Richard W. Katz (National Center for Atmospheric Re-
search, U.S.A.)

Statistics of extremes in climate change.
16:15 - Meihui Guo (National Sun Yat-Sen University, Taiwan)

Modeling of heavy tailed financial returns.

199




Tuesday 23 March 2004

9:00 -

Thomas J. Anastasio (University of Illinois at Urbana
Champaign)

Statistical inference as one possible function of compu-
tation by neurons.

9:45 -

Andrew Sornborger (University of Georgia)
Harmonic analysis, experimental design and the visual

cortex.

10:30 -

Morning tea

11:00 -

Emery N. Brown (Harvard University)
State-space modeling of point process systems with ap-
plications to information encoding by neural systems.

11:45 -

David Harte (Statistics Research Associates, NZ)
Fractals, point processes and earthquakes.

12:30 -

Lunch

13:30 -

Edriss S. Titi (Weizmann Institute of Science, Israel)
Finite dimensional long-term dynamics of infinite di-
mensional dissipative evolution equations and their re-
duction methods.

14:15 -

Glenn Stone (CSIRO Mathematical and Information
Sciences, Australia)

Massively multivariate data mining-applications to mi-
croarray data.

15:00 -

Afternoon tea

15:30 -

Kazuyoshi Nishijima (University of Tokyo)

Modeling of strong wind speed driven by typhoon and
its spatial dependency with multivariate extreme value
distribution.

16:15 -

Peter Thomson (Statistics Research Associates, NZ)
Fitting hidden semi-Markov models to breakpoint rain-
fall data.
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