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Plenary Speakers

Spectral boundary value problems for the Dirac equation with a sin-
gular potential
M. S. Agranovich
Moscow State Institute of Electronics and Mathematics (MIEM), Moscow 109028,
Russia
msa.funcan@mtu-net.ru
Coauthor: G. V. Rozenblioum

We consider a boundary value problem for the Dirac system with a singular-
ity of Coulomb type in the potential in a 3-dimensional bounded domain Ω with
smooth boundary Γ. The problem is elliptic (if the singularity is absent) and
formally self-adjoint. The system contains a parameter λ; the second parameter
µ enters into the boundary condition. Considering λ or µ as a spectral parame-
ter, one obtains two spectral problems, I and II, respectively. We describe their
spectral properties.

The spectrum of Problem I is discrete, its eigenvalues have regular asymp-
totics, and there exists an orthonormal basis of eigenfunctions in L2(Ω) re-
maining an unconditional basis in Sobolev spaces Hs(Ω) with small s > 0. The
eigenvalues of Problem II have finite multiplicities and form two sequences tend-
ing to zero and infinity, with regular asymptotics. There exists an orthonormal
basis of eigenfunctions in L2(Γ) remaining an unconditional basis in all Sobolev
spaces Hs(Γ).

Some physicists propose to use the eigenfunctions and the eigenvalues of each
of these problems for the computation of the so-calledR-matrix on the boundary.
We discuss possibilities of justification for the corresponding procedures. The
approach with the use of Problem II is preferable.

Determinants and orthogonal polynomials
Richard Askey
Univ. of Wisconsin-Madison, USA
askey@math.wisc.edu

A determinant whose value was stated by Sylvester and then derived by Mark
Kac will be shown to be a special case of a more general set of determinants
which can be evaluated using results on orthogonal polynomials and special
functions.
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Stability of solitary waves for some problems in quantum mechanics
Vladimir Georgiev
Dipartimento di Matematica, Università di Pisa, Via Buonarroti No.2, 56127
Pisa, Italy
georgiev@dm.unipi.it
Coauthor: Piero D’Ancona

We consider the coupled system of Schrödinger and Poisson equations in a
presence of an external Coulomb potential of attractive sign. The existence and
multiplicity of solitary waves is established. For the solitary waves minimizing
the energy functional we prove the Liapunov stability of these waves. The main
tool is the application of suitable dispersive and Strichartz type estimates for
the potential perturbations of wave and Schrödinger equation.

SubRiemannian Geometry and Subelliptic PDE’s
Peter Greiner
University of Toronto, Canada
greiner@math.toronto.edu

I shall discuss the connection between complex Hamiltonian mechanics and
subRiemannian geometry on the Heisenberg group. The subRiemannian geom-
etry induced by the Heisenberg sublaplacian allows one to construct the subel-
liptic heat kernel and its small time asymptotics. I shall extend some of these
concepts to higher step operators by discussing the geometry of a particular
3-step example.

System control and rough paths
Terry Lyons
University of Oxford, UK
tlyons@maths.ox.ac.uk

Calculus and its child, the differential equation, are the conventional math-
ematical tools used to express the evolution of closed systems and relationships
between systems (contact transformation and controlled systems).

However, the tools fail when trying to model the response of a system to a
rough external control (for example the external influence could be Brownian
motion - which is nowhere differentiable).

Itô found a way to mathematize such relationships in the case where the
control is Brownian motion but the “solution” is a measure theoretic object.

Recent developments coming in part from the approach of K.T. Chen have
allowed one to define the differential calculus appropriate to control response
relationships for a class of objects now known as “rough paths”.
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We will, with simple examples, explain some of the basic ideas.

Microlocal analysis and partial differential equations
Luigi Rodino
Dipartimento di Matematica, Università di Torino, Via Carlo Alberto 10, I-
10123 Torino, Italy
rodino@dm.unito.it

We first review some known results on microlocal analysis, with applica-
tions to partial differential equations. New results are then presented about
time-frequency localization operators, defined in terms of two fixed windows; in
particular we give a complete asymptotic expansion for the symbol of the prod-
uct. Applications of the corresponding symbolic calculus concern lower bounds
for partial differential equations with positive symbols (results obtained in col-
laboration with E. Cordero). We also report on recent results of F. Nicola, about
lower bounds for pseudo-differential operators with multiple characteristics.

Analysis on manifolds with geometric singularities
Bert-Wolfgang Schulze
University of Potsdam, Germany
schulze@math.uni-potsdam.de

By a manifold with geometric singularities we understand a topological space
M with a subspace M ′ of singular points such that M \M ′ is smooth. Locally
close to M ′ we impose a conical or wedge structure where the base spaces also
may have singularities.

The properties of solutions to partial differential equations on such a config-
uration are very much affected by the nature of singularities.

In the simplest case of conical singularities ellipticity is determined by the
bijectivity of two principal symbolic components, namely the interior (scalar)
symbol of Fuchs type (in stretched coordinates) and the (operator-valued) conor-
mal symbol which is a meromorphic operator family acting between Sobolev
spaces on the base of the cone. Solutions in weighted Sobolev spaces have
asymptotics, contributed by the poles of the inverse conormal symbol (known
by Kondratyev’s work). Another example are manifolds with edges, locally
modelled by wedges. Ellipticity consists of the bijectivity of the principal in-
terior (scalar) symbol (which is edge-degenerate in stretched coordinates) and
the (operator-valued) principal edge symbol. The latter one is a family of op-
erators on the (infinite) model cone of local wedges. It determines elliptic edge
conditions, analogously to boundary conditions in boundary value problems,
here (in simplest cases) with an analogue of the Shapiro-Lopatinskij condition.
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Manifolds with boundary belong to the category of manifolds with edges, where
the edge is the boundary and the inner normal the model cone.

The analysis of elliptic (and also parabolic) operators on manifolds with
higher singularities is governed by hierarchies of principal symbols and addi-
tional edge conditions on the lower-dimensional strata of the configuration. The
program of the calculus consists of the construction of parametrices, the char-
acterization of weighted Sobolev spaces (in general, with multiple weights, and
anisotropic in parabolic cases) and subspaces with (in general, iterated) asymp-
totics to describe the regularity of solutions.

The lecture presents a new approach of iteratively applying cone and wedge
constructions on the level of pseudo-differential algebras with corresponding
symbolic hierarchies.

The ideas are also motivated by models of applied sciences with singular
geometries, e.g., of crack theory or mixed problems, where the boundary condi-
tions have discontinuities. Moreover, there are new relations to the index theory
with interesting challenges and open problems in connection with “higher” ver-
sions of the Atiyah-Singer index theorem.

References:

[1 ] D. Kapanadze and B.-W. Schulze, Crack theory and edge singular-
ities. Kluwer Academic Publ., Dordrecht, 2003, (to appear).

[2 ] T. Krainer and B.-W. Schulze, On the inverse of parabolic sys-
tems of partial differential equations of general form in an infinite space-
time cylinder. Advances in Partial Differential Equations (Parabolicity,
Volterra Calculus, and Conical Singularities) (S. Albeverio, M. Demuth,
E. Schrohe, and B.-W. Schulze, eds.), Oper. Theory Adv. Appl., vol. 138,
Birkhäuser Verlag, Basel, 2002, pp. 93-278.

[3 ] B.V. Fedosov, B.-W. Schulze and N.N. Tarkhanov, Analytic in-
dex formulas for elliptic corner operators. Ann. Inst. Fourier 52, 3 (2002),
899-982.

[4 ] V. Nazaikinskij, A. Savin, B.-W. Schulze and B. Ju. Sternin,
Elliptic theory on manifolds with nonisolated singularities: II. Products
in elliptic theory on manifolds with edges. Preprint 2002/15, Institut für
Mathematik, Potsdam, 2002.

[5 ] B.-W. Schulze, Boundary value problems and singular pseudo-differential
operators. J. Wiley, Chichester, 1998.

[6 ] B.-W. Schulze, Operators with symbol hierarchies and iterated asymp-
totics. Publications of RIMS, Kyoto University, 38, 4 (2002), 735-802.
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Hardy’s theorem: a survey
Sundaram Thangavelu
Indian Statistical Institute, Bangalore, India
veluma@isibang.ac.in

A classical theorem of Hardy, proved way back in 1933, on Fourier transform
pairs says that a nontrivial function f and its Fourier transform f̂ cannot have
arbitrary Gaussian decay. More precisely, he proved that if f(x) = O(e−ax

2
)

and f̂(ξ) = O(e−bξ
2
) then f = 0 whenever ab > 1

4 and f is a constant multiple
of e−ax

2
when ab = 1

4 . This result is an instance of the uncertainty principle
which is also a characterization of the heat kernel for the standard Laplacian.

In the recent past analogues of Hardy’s theorem have been studied in var-
ious set-ups coming from noncommutative harmonic analysis. Thus there are
analogues for the group Fourier transforms on semisimple and nilpotent Lie
groups and also for the Helgason Fourier transforms on symmetric spaces and
NA groups. In this talk we plan to survey some of the important results proved
in this direction. The results are complete for SL(2,R), Heisenberg groups and
rank one symmetric spaces but for other situations there are still open problems.

Wavelet-based image processing
James S. Walker
University of Wisconsin-Eau Claire, USA
walkerjs@uwec.edu

The 1990’s witnessed an explosion of applications of wavelet-based tech-
niques to fundamental problems in image processing, such as compression and
denoising. We shall outline the principal reasons for the success of these tech-
niques: the relation of wavelets to vision, and their remarkable structural prop-
erties. Wavelets are particularly well-adapted to iterative, multi-resolution, al-
gorithms for compression and denoising, which bear some resemblance to tech-
niques employed by mammalian visual systems. Some important compression
and denoising algorithms, e.g. SURESHRINK and JPEG 2000, will be summa-
rized.
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Approximation Theory

Organizer:
Alex Kushpel (Ryerson University, Canada)

Use of quantum principles in signal processing and in fast wavelet
algorithms
Palle Jorgensen
University of Iowa, USA
pjorgen@blue.weeg.uiowa.edu
Coauthor:

The recent marriage of independent ideas from (1) signal processing and
(2) wavelet algorithm, has brought geometric principles from Hilbert space and
quantum theory to the fore. In the talk, we will present some fast wavelet
algorithms in this light.

Optimal approximation on the torus using sk-splines
A. Kushpel
Ryerson University, Toronto, Canada
akushpel@ryerson.ca

A fundamental question for multidimensional spline theory is whether the
subspace of splines will be as good as the subspace of trigonometric polynomials
(of the same dimension) in the sense that they have the same rate of convergence
on Sobolev’s classes. If yes, then how do we construct optimal approximants?
We construct a subspace of sk-splines which gives the same (up to some loga-
rithmic factor) rate of convergence as the subspace of trigonometric polynomials
of the same dimension on Sobolev’s classes.
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Optimal sk-spline approximation of Sobolev’s classes on the 2-sphere
C. Grandison and A. Kushpel
Ryerson University, Toronto, Canada
cgrandis@ryerson.ca

The space of sk-splines is the linear span of shifts of a single kernel K. In this
article we introduce sk-splines on the 2-sphere. It is shown that the subspace of
sk-splines realizes sharp orders of Kolmogorov’s n-widths in different important
situations.

Best approximations by Sobolev Hilbert spaces
Tsutomu Matsuura
Department of Mechanical Engineering, Faculty of Engineering, Gunma Uni-
versity, Kiryu 376-8515, Japan
matsuura@me.gunma-u.ac.jp
Coauthors: M. Asaduzzaman and S. Saitoh

As applications of the theory of reproducing kernels, we shall present approx-
imations of some L2 functions in direct sum spaces by Sobolev Hilbert spaces.
We shall show very concrete examples with figures. At the same time, we shall
give some general principle for approximations of Hilbert spaces by reproducing
kernel Hilbert spaces having good connections with Tikhonov regularizations.
Furthermore, our new method has a general application for constructions of best
approximate solutions of some general linear differential equations by Sobolev
Hilbert spaces.

Sharp orders of entropy numbers of Sobolev and Besov classes on
homogeneous spaces
A. Kushpel and S. Tozoni
Ryerson University, Canada and IMECC-UNICAMP, Brazil
akushpel@ryerson.ca

Sharp orders of entropy numbers of Sobolev and Besov classes on compact
globally symmetric spaces of rank 1 are found.
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Banach Spaces of Analytic Functions

Organizers:
Rauno Aulaskari (University of Joensuu, Finland)
Jari Taskinen (University of Joensuu, Finland)

Quaternionic Qp-spaces on the unit sphere in R3

Swanhild Bernstein
Bauhaus-Universität Weimar, Germany
swanhild.bernstein@fossi.uni-weimar.de

Analytic Qp-spaces were introduced by R. Aulaskari, J. Xiao and R.H. Zhao.
Qp spaces have a lot of similarities to BMO spaces and can be regarded as an
interpolation sequence between the Dirichlet space and the Bloch space, where
Q1 is exactly BMOA. We will consider a similar sequence of Qp spaces on the
unit sphere in R3 for monogenic functions.

Finite Fourier transforms and the zeros of the Riemann ξ-function
George Csordas
Department of Mathematics, University of Hawaii, Honolulu, HI 96822, USA
george@math.hawaii.edu
Coauthor: Chung-Chun Yang

The distribution of zeros of entire functions represented by Fourier trans-
forms are investigated. Applications include the Riemann ξ-function and the
Fourier transforms of kernels related to the Jacobi theta function.
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Analytic properties of diagonal Besov spaces on the unit disc
H. Turgay Kaptanoglu
Mathematics Department, Middle East Technical University, Ankara, Turkey
kaptan@math.metu.edu.tr

Using a recent reformulation of diagonal Besov spaces of analytic functions
on the unit ball, we give estimates for the growth near the boundary and for
the Taylor series coefficients of functions in these spaces on the unit disc. We
show that all functions in certain of these spaces are bounded. We also deter-
mine the Hadamard gap series contained in these spaces. Our results extend
those known for Bloch, weighted Bergman, and Dirichlet-type spaces, because
diagonal Besov spaces include as special cases both these and the Arveson space
that has attracted a lot of attention in operator theory lately.

Harmonic majorants and Qp, Besov-type spaces
Lino F. Reséndis Ocampo
Universidad Autónoma Metropolitana, Azcapotzalco, México
lfro@correo.azc.uam.mx
Coauthors: Enrique Ramírez de Arellano and Luis Manuel Tovar Sánchez

The results presented here are connected with the class Qp introduced by
Aulaskari and Lappan and the classical Besov-type spaces.
Let f : D → C be an analytic function in the Qp space and 0 < R < 1. Let
a = reit with 0 < r < R and consider the family of functions hR : T → R
defined by

hR(eit) := max
a=reit, 0≤r≤R

∫ ∫
|z|≤R

|f ′(z)|2gp(z, a) dx dy ,

where T denotes the boundary of the unit disk D and g(z, a) is the Green’s
function. Since f ∈ Qp the function hR is well defined and it can be proved
that it is continuous. Let HR be the corresponding harmonic solution of the
Dirichlet Problem associated to hR. We present the following results:
Theorem 1 Let f : D → C be an analytic function and 0 < p < ∞. Then f
belongs to the class Qp if and only if h1 : T → R defined by

h1(eit) = sup
a=reit, 0≤r<1

∫ ∫
D

|f ′(z)|2gp(z, a)dx dy

is bounded. The function H1 provides the Dirichlet solution with boundary
values given by h1. Besides, H1 is the least harmonic majorant of the family of
harmonic majorants {HR}, 0 < R < 1.
Concerning to the Besov type spaces we have a similar result:
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Theorem 2 Let f : D → C be an analytic function, 0 < p < ∞. Then the
function f belongs to the class Bp if and only if pg1 : T → R defined by

pg1(eit) := sup
a=reit,0≤r<1

∫ ∫
D

|f ′(z)|p(1− |z|2)p−2(1− |φa(z)|2) dx dy

is bounded, where

φa(z) = (a− z)(1− az)−1, |a| < 1 .

Besides, pg1 is a well defined bounded function on T and its corresponding
Dirichlet solution pG1 : D → C is the least harmonic majorant of the family of
harmonic functions {pGR}, 0 < R < 1.
We obtain also the following result:
Theorem 3 Let f : D → C be an analytic function belonging to the Bloch
space and let H1 and G = H1 + iH̃1 its harmonic majorant and the analytic
completion of H1 respectively. Then G belongs to the Bloch space too.

Subspaces of Lp, p > 2, determined by partitions and weights
Simei Tong
Department of Mathematics, University of Wisconsin-Eau Claire, USA
tongs@uwec.edu
Coauthor: Dale E. Alspach

Many of the known complemented subspaces of Lp have realizations as se-
quence spaces. In this presentation a systematic approach to defining these
spaces which uses partitions and weights is introduced. This approach gives a
unified description of many well-known complemented subspaces of Lp. It is
proved that the class of spaces with such norms is stable under (p, 2) sums. By
introducing the notion of an envelope norm, we obtain a necessary condition
for a Banach sequence space with norm given by partitions and weights to be
isomorphic to a subspace of Lp. Using this, we define a space Yn with norm
given by partitions and weights with distance to any subspace of Lp growing
with n. This allows us to construct an example of a Banach space with norm
given by partitions and weights which is not isomorphic to a subspace of Lp.
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Commutators on Lipschitz spaces
Zhijian Wu
Department of Mathematics, University of Alabama, USA
zwu@gp.as.ua.edu

We characterize the commutator of multiplication by a function (called sym-
bol) and Hilbert transform on Lipschitz space. We further study the function
space of those symbols which makes the corresponding commutators bounded
or compacted on Lipschitz space.

Some spaces between BMOA and the Bloch space
Hasi Wulan
Department of Mathematics, Shantou University, Shantou, 515063, P.R.China
wulan@stu.edu.cn

By studying the spaces QK with a non-decreasing function K, we give a
general way to construct spaces of analytic functions on the unit disk, which
are between the BMOA space and the Bloch space. Similar results are given for
the meromorphic case.

Weighted composition operators on the Bergman space
Ruhan Zhao
Department of Mathematics, University of Toledo, Toledo, OH 43606, USA
Ruhan.Zhao@utoledo.edu
Coauthor: Zeljko Cuckovic

Bounded, compact and Schatten class weighted composition operators on
the Bergman space are characterized by using generalized Berezin transforms.
An estimate of the essential norms of weighted composition operators on the
Bergman space is also given. Most of our results remain true for the Hardy
space and weighted Bergman spaces.
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Boundary Value Problems and Integral Equations

Organizer:
P. A. Krutitskii (Moscow State University, Russia)

MMDS and scattering problem by a cylindrical structure with piece-
wise smooth boundary
Alexander P. Anyutin
fl.160, h. 8/1, Yaroslavskoe Shosse, 129348 Moscow, Russia; Russian New Uni-
versity
anioutine@mtu-net.ru
Coauthor: Vlodimir I. Stasevich

A modification of the method of discrete sources (MMDS) is applied to
solve a 2D Dirichlet (or Neumann) boundary problem when the cross-section
of the scatterer is a piece-wise smooth contour. Problems of accuracy, choosing
auxiliary contours, stable results, location and type of contour break points are
discussed.

Scattering by a multilayer cylindrical structure
Alexander P. Anyutin
fl. 160, h. 8/1, Yaroslavskoe Shosse, 129348 Moscow, Russia; Russian New
University
anioutine@mtu-net.ru
Coauthor: Vladimir I. Stasevich

A modification of the method of discrete sources (MMDS) is applied to solve
a 2D scattering problem by a metal or dielectric cylindrical structure covered
with a dielectric layer. The scattering of E polarized incident plane wave is
considered. Problems of accuracy, choosing auxiliary contours and stable results
are discussed.
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Trefftz-Herrera collocation method: applications to harmonic and bi-
harmonic problems
Martin A. Diaz Viera
Instituto de Geofisica, Universidad Nacional Autónoma de Mexico (UNAM)
mdiaz@geofisica.unam.mx
Coauthor: Ismael Herrera Revills

Indirect methods of collocation (Trefftz-Herrera collocation), that were in-
troduced in previous papers [1-3], are formulated and applied to harmonic and
biharmonic problems in two dimensions in combination with orthogonal colloca-
tion. In the first part of this talk, a general introduction to the Trefftz-Herrera
Method is given and is applied, in combination with orthogonal collocation,
to harmonic problems, to produce an Indirect (Trefftz-Herrera) Collocation
Method. The Indirect Collocation Method enjoys the advantage over the Or-
thogonal Collocation Method, that the resulting global matrix is symmetric and
positive definite when the differential operator itself has this property. In the
second one, a split formulation for the biharmonic equation, also known as the
mixed method of Ciarlet and Raviart, is introduced and the original problem
is rewritten as a coupled system of two Poisson equations. Then, to each one
of these Poisson equations, the Trefftz-Herrera collocation method is applied.
Some numerical results about efficiency and convergence of both problems are
presented.

[1] Herrera, I.; Diaz, M. “Indirect Methods of Collocation: Trefftz-Herrera
Collocation. Numerical Methods for Partial Differential Equations. 15(6) 709-
738, 1999.

[2] Herrera, I., Yates R. and Diaz M. “General Theory of Domain Decompo-
sition: Indirect Methods. Numerical Methods for Partial Differential Equations,
Vol. 18, No. 3, pp. 296-322, may. 2002.

[3] Herrera I., R. Yates and M. Diaz, “The Indirect Approach to Domain De-
composition. In Domain Decomposition Methods in Science and Engineering,
Edited by I. Herrera, D. E. Keyes, O. B. Widlund, and R. Yates, 14th Inter-
national Conference on Domain Decomposition Methods, Cocoyoc, Mexico, pp.
51-62, (in press), 2003.
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Real-time modeling and simulation of water levels in coastal waters
of South Texas
Alexey L Sadovski
Texas A&M University-Corpus Christi, USA
sadovski@falcon.tamucc.edu
Coauthors: Carl Steidley, Gary Jeffress, Ray Bachnak, Joseph Champine

The goal of our ongoing research is to develop effective and reliable tools
for modeling and simulation of water levels in the shallow waters of the Gulf of
Mexico by using real-time data provided by the Texas Coastal Ocean Observa-
tion Network (TCOON). TCOON consists of approximately 50 data gathering
stations located along the Texas Gulf coast from the Louisiana to Mexico bor-
ders. Data sampled at these stations include: precise water levels, wind speed
and direction, atmospheric and water temperatures, barometric pressure, and
water currents. The measurements collected at these stations are often used in
legal proceedings such as littoral boundary determinations, and therefore data
are collected according to National Ocean Service standards. Some additional
stations collect parameters such as turbidity, salinity, and other water quality
parameters. All data are transmitted back to TAMU-CC every six minutes via
line-of-sight packet radio, cellular phone, or GOES satellite, where they are then
processed and stored in a real-time, web-enabled database. TCOON has been
in operation since 1988.

The model and simulations described in this paper use five stations located
in the Corpus Christi Bay as the corner points of the boundary polygon. Then
knowing real-time data at these five points we are able to determine boundary
conditions for the elliptic equation by making a linear transformation of a one-
dimensional solution in such a way that it fits between the corner points of
this polygon of the Corpus Christi Bay. Next we solve the wave equation using
these boundary conditions, and after this we will create a visual simulation using
specially developed software and virtual laboratory. Such an approach can be
used for predicting water levels during tropical storms, or describing behavior
of an oil spill in the Corpus Christi Bay. Similar methodology may be extended
to the other regions served by TCOON.

On holomorphic-like functions for the Helmholtz equation
Michael Shapiro
Instituto Politécnico Nacional, Mexico
shapiro@esfm.ipn.mx

Holomorphic function theory in one complex variable is intimately related to
harmonic function theory, and the relation is due to the fact that the mutually
conjugate Cauchy-Riemann operators factorize the two-dimensional Laplacian;
the latter is a manifestation of certain arithmetic properties of complex num-
bers. It is known that the corresponding properties of quaternions allow a fac-
torization of the Helmholtz operator in dimensions two and three which leads
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to the theory of holomorphic-like functions of two and three variables with
the components being metaharmonic, not harmonic, functions. For this situa-
tion, the following topics will be discussed: the analogues of the Cauchy kernel
and of the Cauchy-type integral, boundary properties of the latter including
the corresponding singular integral; time-harmonic electromagnetic waves and
time-harmonic Dirac bi-spinors as particular cases of those holomorphic-like
functions.

On diffusive logistic equations having nonlinear boundary conditions
Kenichiro Umezu
Maebashi Institute of Technology, Maebashi 371-0816, Japan
ken@maebashi-it.ac.jp

Existence and limiting behavior of positive solutions are considered for a
nonlinear elliptic eigenvalue problem arising in population dynamics and hav-
ing nonlinear flux on the boundary. The limiting behavior when a parameter
approaches a certain value is our main interest. The limiting problem formally
derived gives no useful information in considering this. The reduction to a bifur-
cation equation following the Lyapunov-Schmidt procedure is a crucial step and
the analysis of the bifurcation equation by means of the implicit function the-
orem and Morse lemma provides us with small positive solutions. Meanwhile,
the corresponding constrained minimization problem is studied to get large so-
lutions, whose argument is based on the existence of small positive solutions. A
discussion of our main results is carried out from an ecological point of view.
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Complex and Functional Analytic Methods
in Partial Differential Equations

Organizers:
Heinrich Begehr (Freie Universität Berlin, Germany)
Alberto Cialdea (Università della Basilicata, Italy)

On higher order Bessel potentials
A.S. Abdel-Rady
South Valley University, Faculty of Science, Dept. of Mathematics, Qena, Egypt
safwat ahmed@hotmail.com
Coauthor: H. Begehr

The solutions of the equation −(∆ − I)κuκ = f, κ ≥ 1 in Rn where
f ∈ L2(Rn) are investigated, Bessel potentials of higher order are defined, and
recurrence relations between these solutions and these Bessel potentials are ob-
tained. It is also proved that these solutions and the solutions of −∆κνκ+νκ = ρ
are identical, under certain conditions.

Quaternionic reproducing kernel spaces and related topics
Daniel Alpay
Department of Mathematics, Ben-Gurion University, Beer-Sheva, Israel
dany@math.bgu.ac.il
Coauthor: Michael Shapiro

In this talk we report on recent joint work with M. Shapiro. We discuss two
topics. First we present some aspects of the theory of reproducing kernel spaces
with a possibly indefinite metric when the scalars are the skew–field of quater-
nions. Next we consider Gleason’s problem in the setting of hyperholomorphic
functions.
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Determination of solutions to complex pdes
Heinrich Begehr
I. Math. Inst. FU Berlin, Arnimallee 3, 14195 Berlin, Germany
begehr@math.fu-berlin.de

Model equations of higher order complex partial differential equations in
one and several variables, like the inhomogeneous polyanalytic and the inhomo-
geneous polyharmonic (higher order Poisson) equation, are considered. Their
solutions are uniquely determined either by boundary conditions of Dirichlet
and Neumann types or by choosing proper subspaces in which the solutions
are looked for. The results are joint ones with A. Dzhuraev, C.J. Vanegas and
others.

Remarks on q-differential operators
Robert Carroll
University of Illinois, USA
rcarroll@math.uiuc.edu

Some aspects of q-differential operators and their origins will be sketched.

The inverse monodromy problem in a class of Knizhnik-Zamolodchikov
equations
Valentina Golubeva
VINITI, Usievich str. 20, 125190 Moscow, Russia,
golub@viniti.ru

The inverse monodromy problem in a class of Knizhnik-Zamolodchilov equa-
tions associated with different root systems consists of two parts: finding the
form of the generalized KZ equation and investigation of the conditions for
the representations of the braid group corresponding to the root system con-
sidered. The cases of the root systems of types A and B were investigated in
papers of Drinfeld-Kohno and Golubeva-Lexin. Theorems of Drinfeld-Kohno
type are proved. The study of the cases of two-laced root systems contains
many interesting problems of representation theory and R-matrix theory. Re-
sults characterizing the connection of the representations of the braid groups
with the corresponding KZ and Calogero-Moser systems will be presented for
models with reflections and for models associated with one-laced root systems.
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Reduction of two dimensional Neumann and mixed boundary value
problem to Dirichlet boundary value problem
M. Jahanshahi
Dept of Mathematics, Azad Islamic University of Karadj, Rajai Shahr, P.O.
Box 31485-313, Karadj, Iran
jahan m15@yahoo.com

There are three kinds of boundary value problems (BVP) in mathematical
physics: Dirichlet BVP; Neumann BVP; mixed BVP. In the first kind, the
unknown function is given on the boundary, in the second kind, the derivative
of the unknown function with respect to the outward normal vector is given on
the boundary, and the third kind of these problems is a combination of the first
and second kinds. By considering the simplicity of the Dirichlet problem, in
this paper we show that the second and third kinds of these problems, including
the Laplace equation, can be reduced to the first kind (Dirichlet problem) by
making use of properties of harmonic functions in complex analysis.

A global Lipschitz continuity result for a domain-dependent Neumann
eigenvalue problem for the Laplace operator
Massimo Lanza de Cristoforis
Dipartimento di Matematica Pura ed Applicata, Università di Padova, Via Bel-
zoni 7, 35131 Padova, Italy
mldc@math.unipd.it
Coauthor: Pier Domenico Lamberti

We consider the Neumann eigenvalue problem for the Laplace operator on a
domain of Rn, and we present a result concerning the dependence of eigenvalues
and eigenvectors on domain perturbation.

Wavelets and natural boundary integral equations
Wei Lin
Department of Mathematics, Zhongshan University, Guangzhou, 510275, P.R.China
stslw@zsu.edu.cn
Coauthor: Youjian Shen

In this paper we discuss the application of wavelets to numerical solutions for
Harmonic Equations, Biharmonic Equations, Stokes Equations and Elasticity
Equations respectively. All of them are reduced to the natural boundary integral
equations with the strong-singular kernel. Hermite wavelets, Shannon wavelets
and spline wavelets are applied.
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On asymptotics of solutions of elliptic boundary value problems at
corner points
A. Soldatov
Novgorod State University, Russia
sap@mail.natm.ru

An elliptic system with constant leading coefficients is considered in an angle
domain on the plane. The solution of this equation satisfies boundary conditions
(nonlocal in general) on the lateral sides of the angle. The following question
is discussed. Suppose that the right-hand sides of these boundary conditions
have power-logarithmic asymptotics. Then, under what corner conditions is this
property valid for the original solution?
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Function Spaces and Applications

Organizer:
Victor Burenkov (Cardiff University, U.K.)

Weighted estimates for singular integral operators
Bakhyt Baideldinov
Institute of Mathematics, Almaty, Kazakhstan
baibak@kimep.kz

Up to now, thanks to the efforts of many mathematicians, a satisfactory the-
ory of weighted function spaces has developed in the case of weights of power
type. As for general weights, only some partial results are known. In par-
ticular, there are many investigations of analogues of the generalized Hardy
inequality and its different variants which are essential from the point of view
of the weighted embedding theorems with arbitrary weights. In order to have a
complete collection of results providing the same possibilities of applications to
partial differential equations as in the non-weighted case, it is necessary to ob-
tain estimates for intermediate derivatives and convolutions in general weighted
function spaces. And this is the main aim of this report.

Sharp estimates for integrals over small intervals for functions pos-
sessing some smoothness
V. Burenkov
School of Mathematics, Cardiff University, 23 Senghennydd Rd, Cardiff CF24
4YH, UK
Burenkov@cardiff.ac.uk

Theorem 1. Let p > 0 and let l be a positive continuous function defined
on R+. In order that, for some C1 > 0, for all a > 0 and all f ∈ Lp(0, a), the
inequality

sup
0<h≤a

l(h)−1 ‖f‖Lp(0,h) ≤

C1

(
l(a)−1 ‖f‖Lp(0,a) + sup

0<h≤a
l(h)−1 ‖f(x+ h)− f(x)‖Lp(0,a−h)

)
be valid, it is necessary and sufficient that

1) for 0 < p ≤ 1, the function h1/p l(h)−1 be almost increasing on R+, i.e.,
for some C2 ≥ 1, for all 0 < h < a

h1/p l(h)−1 ≤ C2 a
1/p l(a)−1,
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2) for p > 1, the function hd/p l(h)−1 be almost increasing on R+ for some
0 < d < 1.

Theorem 2. Let 0 < p ≤ 1 and let l,m and n be positive continuous
functions defined on R+. In order that, for some C3 > 0, for all h and a satisfying
0 < h ≤ a, and all f ∈ Lp(0, a), the inequality

l(h)−1 ‖f‖Lp(0,h) ≤ C3

(
m(a)−1 ‖f‖Lp(0,a)+n(h)−1 ‖f(x+ h)− f(x)‖Lp(0,a−h)

)
be valid, it is necessary and sufficient that, for some C4, C5 > 0, for all h and a
satisfying 0 < h ≤ a

h1/p l(h)−1 ≤ C4a
1/p m(a)−1

and
l(h)−1 ≤ C5(m(a)−1 + n(h)−1).

The problems of interpolations of spaces of differentiable functions
A. D. Dzhabrailov
AzACU, Baku, Azerbaijan
vagifguliyev@azintex.com
Coauthor: K.D.Mamedov

Function spaces B<r>p,θ (G; s) (1 ≤ s ≤ n) of differentable functions of s
groups of variables in a domain G ⊂ En, which for s = 1 coincide accordingly
with known spaces Brp,θ(G) S. M. Nikolskii (θ = ∞), O. V. Besov, at s = n,
the spaces coincide with known spaces of functions Srp,θB(G) with dominating
mixed derivatives which were investigated in works of S. M. Nikol’skii, A. D.
Dzhabrailov, I. T. Amanov, O. V. Besov and others are constructed.

Taking into account that, f ∈ B<r
µ>

pµ,θµ
(G; s) (µ = 1, 2, . . . , N), there found

the condition at which the integral inequalities of the type

‖Dνf‖B<ρ>q,σ (G;s) ≤ C
N∏
µ=1

‖f‖λµ
B<r

µ>
pµ,θµ

(G;s)
,

where 0 ≤ λµ ≤ 1 (µ = 1, 2, . . . , N),
N∑
µ=1

λµ = 1, 1 ≤ pµ ≤ θµ ≤ ∞ (µ =

1, 2, . . . , N) is proved.
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Theorems on the extension of functions beyond the domain G ⊂ En,
preserving the class
A. D. Dzhabrailov
AzACU, Baku, Azerbaijan
vagifguliyev@azintex.com
Coauthor: S. M. Nadjafova

Function spaces W<r>
p (G; s) (1 ≤ s ≤ n) of differentable functions of s

groups of variables in domain G ⊂ En, which for s = 1 coincide accordingly
with known spaces W r

p (G)-S.L.Sobolev-L.N.Slobedetskii, at s = n the spaces
coincide with known spaces of functions SrpW (G) with dominating mixed deriva-
tives which were investigated at works of S. M. Nikol’skii, P. I. Lizorkin, A. D.
Dzhabrailov and others are constructed.

Taking into account that, f ∈ W<r>
p (G; s), of the basiset a new integral

representation of functions f = f(x) at the point x ∈ En, we construct the
functions fν = fν(x) (ν = (ν1; . . . ; νs)), defined in domains that are defined in
En, coinciding in the domain G ⊂ En with the function Dνf(x) for which the
integral inequalities of the type of

‖fν‖W<r>
p (En;s) ≤ C ‖f‖W<r>

p (G;s)

are valid.

Some aspects of harmonic analysis, related to the Gegenbauer differ-
ential expansions
Vagif S. Guliev
Baku State University, Azerbaijan
guliev@azdata.net
Coauthor: Elman J. Ibrahimov

In this work we consider the generalized shift operator, generated by the
Gegenbauer differential expansions G, by means of which fractional integrals
(G-fractional integrals) are investigated. The (Lp(G), Lq(G)) boundedness re-
sult for the G-fractional integral are obtained. In the work we introduce and
investigate the G-Morrey and G-BMO spaces. We also study the G-fractional
integral in the G-Morrey and G-BMO spaces.
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Function spaces and integral operators on Chebli-Trimeche
hypergroups
Vagif S. Guliev
Baku State University, Azerbaijan
guliev@azdata.net

In this work we introduce and investigate the function spaces, generated by
the Chebli-Trimeche hypergroups. We also consider maximal functions, frac-
tional maximal functions and fractional integrals which are generated by a gen-
eralized shift operator, associated with the Chebli-Trimeche hypergroups. We
present inequalities for these operators in corresponding weighted Lp-spaces.

Necessary and sufficient conditions for boundedness of the fractional
maximal operator and Riesz potential in local Morrey-type spaces
Huseyn V. Guliyev
School of Mathematics, Cardiff University, 23 Senghennydd Rd, Cardiff CF24
4YH, UK
guliyev@huseyn.com
Coauthor: V. I. Burenkov

We consider the problem of boundedness of the fractional maximal operator

Mαf(x) = sup
t>0
|B(x, t)|−1+α

n

∫
B(x,t)

|f(y)|dy, 0 ≤ α < n,

and the Riesz potential

Iαf(x) =
∫
Rn

f(y)dy
|x− y|n−α

, 0 < α < n

in local Morrey-type spaces LMpθ,w, characterised by the finiteness of the fol-
lowing quasinorm

‖f‖LMpθ,w
=
∥∥w(r)‖f‖Lp(B(0,r))

∥∥
Lθ(0,∞)

,

where 0 < p, θ ≤ ∞, B(0, r) is the ball of radius r centered at the origin and w
is an arbitrary measurable positive weight function.

This problem is reduced to the problem of boundedness of the Hardy opera-
tor in weighted Lp-spaces on the cone of non-negative non-increasing functions.
This allows us to obtain sufficient conditions on weight functions w1 and w2

for the boundedness of Mα and Iα from LMp1θ1,w1 to LMp2θ2,w2 for all admis-
sible values of the parameters p1, θ1, p2, θ2. Moreover, for some values of the
parameters, these sufficient conditions coincide with the necessary ones.
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On integral inequalities involving differences
Kader Senouci
University of Tiaret, Algeria
kamer102000@yahoo.fr
Coauthor: V. I. Burenkov

Consider, for k ∈ N , differences ∆k
hf , of order k, with step h.

Theorem Let l > 0, k ∈ N, k > l, 1 ≤ p, θ ≤ ∞, δ > 0, s ∈ N, s ≥ 2, a ∈
R, 0 < α <∞. Then there exists c1 > 0, depending only on α, s, k and l, such
that (∫ δ

0

(
h−l ‖ ∆k

hf ‖Lp(a,a+αh)

)θ dh
h

) 1
θ

≤ c1 sup
m∈N0, m≤k(s−1)−1

(∫ h
α

0

(
h−l ‖ ∆k

hf ‖Lp(a+(α+m)h,a+(α+m+1)h)

)θ dh
h

) 1
θ

,

for all real-valued functions f measurable on (a, a + (k + α)δ) for which the
left-hand side of this inequality is finite, in particular, for all f ∈ C∞([a, a +
(k + α)δ]).

Corollary 1 Under the assumptions of the Theorem δ∫
0

(
h−l‖∆k

hf‖Lp(a, a+αh)

)θ
dh

h


1
θ

≤ c1


δ
s∫

0

(
h−l‖∆k

hf‖Lp(a+αh, a+(sα+k(s−1))h)

)θ
dh

h


1
θ

.

Corollary 2 Let l > 0, k ∈ N, k > l, 1 ≤ p, θ ≤ ∞,−∞ < a < b < ∞,
0 < α < ∞, 0 < δ ≤ (b − a))/[2(α + k)]. Then there exists c2 > 0, depending
only on α, k and l, such that


b−a
α+k∫
0

(
h−l‖∆k

hf‖Lp(a,a+αh))
)θ

dh

h


1
θ

≤ c2


b−a

2(α+k)∫
0

(
h−l‖∆k

hf‖Lp(a+αh,a+(2α+k)h))
)θ

dh

h


1
θ

,

for all real-valued functions f measurable on (a, b) for which the left-hand side
of this inequality is finite, in particular, for all f ∈ C∞([a, b]).
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Entropy numbers of embeddings of weighted Besov spaces
Winfried Sickel
Friedrich-Schiller-Universität Jena, Germany
sickel@minet.uni-jena.de

Let Bsp,q(R
d, w) denote the weighted Besov space on Rd. For w ≡ 1 we shall

use the notation Bsp,q(R
d) . For 1 < p0 ≤ p1 <∞, 1 < q0, q1 <∞,

δ :=
(
s0 −

d

p0

)
−
(
s1 −

d

p1

)
> 0

and lim|x|→∞ w(x) =∞ the embedding

Bs0p0,q0 (Rd, w) ↪→ Bs1p1,q1 (Rd)

is compact. Of particular interest are the weights of the type

wα(x) := (1 + |x|2)α/2 , x ∈ Rd , α > 0 .

To measure how compact these embeddings are we shall use entropy numbers.
Complementing earlier results of Haroske, Edmunds and Triebel we shall prove

ek

(
id : Bs0p0,q0(Rd, wα) 7→ Bs1p1,q1(Rd)

)
∼ k−

δ
d−( 1

p0
− 1
p1

) ,

if 0 < δ < α and

ek

(
id : Bs0p0,q0 (Rd, wα) 7→ Bs1p1,q1 (Rd)

)
∼ k−

α
d−( 1

p0
− 1
p1

) ,

if 0 < α < δ. Most interesting turns out to be the limiting case α = δ > 0.
Then

ek

(
id : Bs0p0,q0 (Rd, wα) 7→ Bs1p1,q1 (Rd)

)
∼ k−

α
d−( 1

p0
− 1
p1

) (1 + log k)
α
d+ 1

p0
− 1
q0

+ 1
q1
− 1
p1 ,

at least if
α

d
> max

(
0,

1
q0
− 1
p0

)
+ max

(
0,

1
p1
− 1
q1

)
The tools we use to prove such results are Schütt’s characterization of the asymp-
totic behaviour of ek(id : `Np0

7→ `Np1
) and a wavelet characterization of weighted

Besov spaces.
All results are obtained in collaboration with Thomas Kühn, Hans-Gerd Leopold
and Leszek Skrzypczak.
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Transferring monotonicity in weighted norm inequalities
Gord Sinnamon
University of Western Ontario, Canada
sinnamon@uwo.ca

Certain weighted norm inequalities for integral operators with non-negative,
monotone kernels are shown to remain valid when the weight is replaced by a
monotone majorant or minorant of the original weight. A similar result holds
for operators with quasi-concave kernels. To prove these results a careful inves-
tigation of the functional properties of the monotone envelopes of a non-negative
function is carried out. Applications are made to function space embeddings of
the cones of monotone functions and quasi-concave functions.

Under weaker partial orders on non-negative functions, monotone envelopes
are re-examined and the level function is recognized as a monotone envelope in
two ways. Using the level function, monotonicity can be transferred from the
kernel to the weight in inequalities restricted to a cone of monotone functions.

Equivalent norming of Lp - spaces
T. Tararykova
School of Mathematics, Cardiff University, 23 Senghennydd Rd, Cardiff CF24
4YH, UK
TararykovaT@cardiff.ac.uk

Consider any norm on Rn and let B(x, r) be the ball centered at x of radius
r with respect to this norm.

Theorem. Let G be a open set in Rn, G 6= Rn and, for x in G, d(x) be
the distance of x to the boundary of G. Then for all 0 < e < 1, p > 0 and f in
Lp(G)

c−1
e ‖f‖Lp(G) ≤

(∫
G

(
(measB(x, ed(x)))−1

∫
B(x,ed(x))

|f(y)|p dy
)
dx

)1/p

≤ ce ‖f‖Lp(G),

where ce = (1 + e)n/p(1− e)−n/p.
The above theorem and its generalizations, which are proved in [1], may be

useful for obtaining various inequalities involving Lp-norms over arbitrary open
sets, starting with similar inequalities for balls.

[1] V. I. Burenkov, T. V. Tararykova, Inequalities for mean values over quasi-
balls for functions defined on an arbitrary open set, Math. Inequalities & Appl.
4, No 1 (2001), 19–34.
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Harmonic Analysis and
Partial Differential Equations

Organizers:
Der-Chen Chang (Georgetown University, U.S.A.)
Galia Dafni (Concordia University, Canada)
Andrea Fraser (Dalhousie University, Canada)
Jingzhi Tie (University of Georgia, U.S.A.)
M. W. Wong (York University, Canada)

Problems related to the analytic representation of tempered distri-
butions
Christiane Carton-Lebrun
University of Mons-Hainaut, Mons, Belgium
Christiane.Lebrun@umh.ac.be

Using results of previous studies concerning Hilbert transforms and Cauchy
transforms in weighted spaces of integrable distributions, we propose a construc-
tive real variable approach to several problems related to the analytic represen-
tation of tempered distributions. To that purpose, we show that the space of real
valued tempered distributions is the inductive limit of an increasing sequence
of subspaces defined in terms of Hilbert transforms. This method provides ex-
tensions of classical results and alternative proofs of known results.

Real and complex Hamiltonian mechanics on some subRiemannian
manifolds
Der-Chen Chang
Georgetown University, USA
chang@georgetown.edu

In this talk, I will discuss geodesic completeness and global connectivity for
some 2k+ 2 subRiemannian manifolds. Using complex Hamiltonian mechanics,
I will also calculate some subRiemannian distances.
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Duality theorems for fractional Carleson measures and Qα(Rn)
Galia Dafni
Concordia University, Canada
gdafni@mathstat.concordia.ca
Coauthor: Jie Xiao

We prove duality theorems for fractional Carleson measures and some new
tent spaces defined in terms of Hausdorff capacity. We then use these in order
to prove that the spaces Qα(Rn), which are subspaces of BMO, are the duals
of certain spaces of distributions containing the Hardy space H1. We also give
atomic decompositions for these spaces.

Pompeiu problem with moments on the Heisenberg group
Wayne M. Eby
University of Notre Dame, Indiana, USA
weby@nd.edu
Coauthors: Carlos Berenstein, Der-Chen Chang

Through methods of harmonic analysis we investigate the Pompeiu prob-
lem with moments, first in n-dimensional complex space and then on the n-
dimensional Heisenberg group. In the conclusions, a differential related to the
moment appears. The transform is defined using spherical functions, which are
obtained as the eigenfunctions of a certain class of differential operators. This
work is done in conjunction with Dr. Berenstein and Dr. Chang. The work on
the n-dimensional complex space was done also with Dr. Zalcman.

Singularity of orbits in classical Lie algebras
Sanjiv Kumar Gupta
Sultan Qaboos University, Oman
gupta@squ.edu.om

We determine the maximum k such that the k-fold sum of some non-trivial,
adjoint orbit in the Lie algebra of a classical, compact Lie group has measure
zero. The orbits of minimal dimension are seen to be the extreme examples.
We show that for this choice of k there is a central, continuous measure µ on
the group such that µk is singular to L1. For Lie groups other than type Bn or
C3 this result is sharp.
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Energy and Hausdorff dimensions of measures
Kathryn Hare
Department of Pure Mathematics, University of Waterloo, Canada
kehare@uwaterloo.ca
Coauthor: Maria Roginskaya

Energy and Hausdorff dimension are two related ways to quantify the singu-
larity of a measure. There is a classical formula relating the energy of a positive
measure on Rn with a weighted L2 norm of its Fourier transform. We discuss
an extension of this formula to measures on compact, connected, Riemannian
manifolds, replacing the Fourier transform with the projections of the measures
onto the eigenspaces of the Laplacian operator. We also discuss extending the
definition of energy to signed measures and show that the energy dimension
arising from this modified energy integral continues to provide a lower bound
for the Hausdorff dimension of the measure.

Optimal Sobolev imbeddings
Ron Kerman
Brock University, Canada
rkerman@spartan.ac.BrockU.CA

The aim of this talk is to discuss optimal Sobolev imbeddings involving
rearrangement-invariant Banach function norms.

A Sobolev imbedding is shown to be equivalent to the boundedness of a
certain Hardy operator. This operator can be used to construct rearrangement-
invariant norms that are optimal. Moreover,the compactness of the Hardy op-
erator is equivalent to the compactness of the imbedding.

Our approach is to use the methods and principles of Interpolation Theory.

The Schoenberg theorem for positive definite functions on Heisenberg
groups
Jinman Kim
York University, Canada
jinman@pascal.math.yorku.ca
Coauthor: M. W. Wong

We give a characterization of all continuous functions F on R+×R such that
the functions fn on the Heisenberg group Hn defined by fn(z, t) = F (|z|, t) for
all (z, t) in Hn, is positive definite on Hn, n = 1, 2, . . . .
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Hardy’s theorem for rotations of the plane
Joe Lakey
New Mexico State University, USA
jlakey@nmsu.edu
Coauthor: Jeff Hogan

Hardy’s theorem says that if a function and its Fourier transform decay
at prescribed Gaussian rates then the function itself is a multiple of a (real)
Gaussian. In turn, if a function decays at a sufficient rate then its Fourier
transform has an extension to an entire function and one can ask for decay
conditions on such extended Fourier pairs that determine the function. We will
show that under suitable decay of a function and its Fourier transform along
a given pair of lines in the plane, the function must be a (complex) Gaussian.
Connections to localization in phase space will also be mentioned.

A sharp lower bound for the first positive eigenvalue of sub-laplacian
Song-Ying Li
University of California at Irvine, USA
sli@math.uci.edu
Coauthor: H-S. Luk

The purpose of this talk will present a sharp lower bound for sub-laplacian
on CR manifolds and related results on the sphere.

Notions of convexity in Carnot groups
Duy-Minh Nhieu
Department of Mathematics, Georgetown University, Washington DC 20057,
USA
nhieu@math.georgetown.edu
Coauthors: Donatella Danielli and Nicola Garofalo

In this talk, I will present several notions of convexity that generalize the
classical notion to Carnot groups as well as their properties. Unlike the classical
setting, these notions are not the same. Therefore, it is interesting to investigate
properties of such functions and notions.
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Analytic signals and generalized trigonometric systems
Tao Qian
Faculty of Science and Technology, The University of Macau, P.O. Box 3001,
Macau (via Hong Kong)
fsttq@umac.mo

In the HHT practice of time-frequency analysis there arises the question for
what functions θ(t) with θ(t) > 0 there holds H cos θ(t) = sin θ(t), where H is
the Hilbert transform on the line. We give the answer to this question that also
implies a generalization of the trigonometric system.

Multipliers for Hermite and Laguerre-Sobolev spaces
R. Radha
Department of Mathematics, Indian Institute of Technology Madras, Chennai-
600036, India
radharam67@yahoo.co.in
Coauthor: S.Thangavelu

It is well known that the class of Fourier multipliers for Sobolev spaces
Wm,p(Rn) (m ≥ 0, an integer, 1 < p <∞) coincide with the class of multipliers
for Lp(Rn). Here, similar results are discussed for Weyl multipliers for Laguerre-
Sobolev spaces Wm,p

L (Rn) and Hermite multipliers for Hermite-Sobolev spaces
Wm,p
H (Rn) in a unified way. Further, the multiplier classes of W 1,1

L (Rn) and
W 1,1
H (Rn) are shown to be identical with the dual of a certain Banach space.

Path integrals and the heat kernel of the Heisenberg Laplacian
Wolfgang Staubach
Department of Mathematics, University of Toronto and the Fields Institute,
Canada
wolf@math.toronto.edu

In this talk we present an explicit calculation of the heat kernel for the
Heisenberg Laplacian using Wiener path integrals and their realizations via
Trotter product formula. This gives also another derivation of the Mehler’s
formula.
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Unique continuation for some sub-Laplace operators
Dimiter Vassilev
McGill University and Université de Quebec à Montréal, Canada
vassilev@math.uqam.ca
Coauthor: Nicola Garofalo

We present a strong unique continuation property for a class of subelliptic
“variable coefficient” operators whose “constant coefficient” model at one point
is the so-called Baouendi-Grushin operator. The result is similar to the famous
result due to Aronszajn, Krzywicki and Szarski.
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Hemivariational Inequalities and Applications

Organizer:
Siegfried Carl (Universität Halle, Germany)

Comparison results for quasilinear elliptic inclusions of hemivaria-
tional type
Siegfried Carl
Universität Halle, Fachbereich Mathematik und Informatik, Institut für Analy-
sis, 06099 Halle, Germany
carl@mathematik.uni-halle.de

We consider the Dirichlet boundary value problem for an elliptic inclusion
governed by a quasilinear elliptic operator of Leray-Lions type and a multivalued
term which is given by the difference of Clarke’s generalized gradient of some
locally Lipschitz function and the subdifferential of some convex function. Our
main goal is to characterize the solution set of the problem under consideration.
In particular, we are going to show the existence of a priori bounds, which
can be used to prove that the solution set possesses extremal elements with
respect to the underlying natural partial ordering of functions. Moreover, one
can show that the solution set is compact. The main tools used in the proofs
are abstract results on pseudomonotone operators, truncation-, and special test
function techniques, Zorn’s lemma as well as tools from nonsmooth analysis.

Generalizations of evolution variational inequalities
Zhenhai Liu
Department of Mathematics, Changsha University of Electric Power, Changsha,
Hunan 410077, P.R.China
liuzh@mail.csuep.edu.cn

This paper is devoted to the existence of solutions for evolution hemivari-
ational inequalities as generalizations of evolution variational inequalities to
nonconvex functionals. The operators involved are taken to be multivalued and
noncoercive. Using the notion of the generalized gradient of Clarke and the
recession method, some existence results of solutions are proved.
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Dynamic hemivariational inequality modeling viscoelastic contact
problem with normal damped response and friction
Stanislaw Migorski
Jagiellonian University, Faculty of Mathematics and Computer Science, 30072
Krakow, Poland
migorski@softlab.ii.uj.edu.pl

In this paper we examine the dynamic process of frictional contact between
a deformable body and a foundation. The body is assumed to be viscoelastic
with a linear elasticity operator and a nonlinear viscosity operator. The contact
is modeled with a general normal damped response condition. The dependence
of the normal stress on the normal velocity is assumed to have nonmonotone
character of the subdifferential form. We model the friction assuming that the
tangential shear on the contact surface is given as a nonmonotone and possi-
bly multivalued function of the tangential velocity. Due to the nonmonotone
character of the multivalued boundary conditions, the contact problem is for-
mulated as a hemivariational inequality. The aim of the paper is to deliver ex-
istence and uniqueness results for a hyperbolic hemivariational inequality with
the nonmonotone multidimensional and multivalued boundary conditions. We
formulate the hemivariational inequality under consideration as a second order
evolution inclusion. For the latter, we establish the existence of weak solutions
by employing a surjectivity result for multivalued L-pseudomonotone operators.
The uniqueness of a solution is obtained in a case when the damping operator
is strongly monotone and the subdifferential of the superpotential satisfies a
relaxed monotonicity condition.

Sensitivity analysis for hemivariational inequalities
Boris Mordukhovich
Department of Mathematics, Wayne State University, Detroit, MI 48202, USA
boris@math.wayne.edu

We consider parametric variational systems governed by hemivariational in-
equalities and some of their extensions. They are described by the so-called
generalized equations whose multivalued parts are given by first-order non-
convex subdifferentials. Our main goal is to study Lipschitzian stability of
solution maps to such variational systems by means of advanced generalized
differentiation tools of variational analysis. Based on coderivative character-
izations of Lipschitzian properties of multifunctions and nonconvex coderiva-
tive/subdifferential calculus, we derive verifiable sufficient conditions (in some
cases necessary and sufficient conditions) for robust Lipschitzian stability of
hemivariational inequalities and related variational systems. We pay particular
attention to special classes of variational systems with composite subdifferential
structures typical for various applications. Efficient conditions for Lipschitzian
stability of such systems are given in terms of second-order subdifferentials.
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A new non-smooth variational approach in studying
variational-hemivariational inequalities
D. Motreanu
University of Perpignan, Department of Mathematics, 66860 Perpignan, France
motreanu@univ-perp.fr

Motivated by the abstract form of a variational-hemivariational inequality,
we develop a new variational approach for studying the class of non-smooth func-
tionals which can be expressed as a sum of a locally Lipschitz function and a con-
vex, lower semicontinuous, proper function on a Banach space. We obtain a new
deformation result and a corresponding minimax principle for this class of non-
smooth functionals. The applications concern various boundary value problems
possessing discontinuous nonlinearities and additional non-smooth constraints.
It is shown that they can be expressed in terms of variational-hemivariational
inequalities. Important models with non-convex potentials described by such
formulations can be found in unilateral mechanics.
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Hyperbolic Problems: Degeneracies,
Nonlinearities and Global Existence

Organizers:
Michael Reissig (Technische Universität Bergakademie Freiberg, Germany)
D. Del Santo (Università di Trieste, Italy)

Dynamical systems approach for solving nonlinear problems
Ruben Airapetyan
Kettering University, USA
rhayrape@kettering.edu

A general method for solving nonlinear problems in a Hilbert space is pre-
sented. The method is based on investigation of the nonlinear dynamical system
having the solution to the original problem as a limiting point. Some new con-
vergence and discretization theorems are formulated. The asymptotic behavior
of the trajectories of the dynamical system is analyzed by means of a Riccati
type nonlinear integral inequality. For ill-posed problems a regularization tech-
nique based on the “degree of degeneracy” of the original nonlinear problem
is described and estimates for convergence rates for regularized continuous and
discrete processes are obtained.

An estimate of solutions to evolution equations
Michael Dreher
Fakultät für Mathematik und Informatik, TU Bergakademie Freiberg,
Agricolastraße 1, 09596 Freiberg, Germany
dreher@math.tu-freiberg.de

We consider initial value problems for evolution equations of the form

∂tU = AaU +AbU, U(0) = U0.

IfAa is anti–self–adjoint andAb is a bounded operator, orAb ∈ L1([0, T ],L(L2)),
it is well–known how to prove a-priori estimates of the solution U in L2 type
function spaces.

The situation is more delicate when the self–adjoint part of Ab is unbounded.
We present a method for dealing with such evolution equations in the case

that Ab is a pseudodifferential operator with symbol belonging to

ab ∈ L∞([0, T ], Sc1,0)
⋃ 1

t
L∞([0, T ], S0

1,0), c > 0.
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Moreover, we employ this method to investigate weakly hyperbolic systems with
time degeneracy, sharp Levi conditions, and loss of regularity, as well as con-
ditions for regularity of solutions to Schrödinger type equations with non-self-
adjoint lower order part.

On the wellposedness of the Cauchy problem for weakly hyperbolic
systems
Tamotu Kinoshita
Institute of Mathematics, University of Tsukuba, Ibaraki 305-8571, Japan
kinosita@math.tsukuba.ac.jp
Coauthors: Piero D’Ancona, Sergio Spagnolo

We consider the Cauchy problem for the system Ut = A(t)Ux, U(0, x) = U0,
where the coefficient A(t) belongs to the Hölder class Cα([0, T ]) and has real
eigenvalues (allowing multiplicity). It is well-known that for the scalar equation
utt− a(t)uxx = 0, the coefficient a(t) belongs to the Hölder class Cα([0, T ]) and
is non-negative, the Cauchy problem is well-posed in the Gevrey class of order
1 < s < 1 + α/2. So our purpose is to find the Gevrey order in the case of
systems.

Energy decay for the wave equation in exterior domains with some
halflinear dissipation
Mitsuhiro Nakao
Graduate School of Mathematics, Kyushu University, Fukuoka 810-8560, Japan
mnakao@math.kyushu-u.ac.jp
Coauthor: Il Hyo Jung

We study the decay estimates of the energy for the wave equation in an
exterior domain with a localized dissipation. The dissipative term consists of
the following two parts: The first part may be nonlinear and localized in suitable
bounded area, while the second part is linear in the outside of a big ball. So
we may call such a dissipation a ‘half-linear’ dissipation. We note that no
geometrical condition is imposed on the boundary. As an application of the
decay estimates we prove some global existence theorems for the wave equation
with a nonlinear source term.
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Wave equations with monotone weak dissipation
Michael Reissig
Department of Mathematics, Technical University Bergakademie Freiberg, 09596
Freiberg, Germany
reissig@math.tu-freiberg.de
Coauthor: Jens Wirth

The goal of this lecture is to understand the influence of a dissipative term
on Lp − Lq decay estimates. We consider the Cauchy problem for the wave
equation with dissipation

utt −∆u+ b(t)ut = 0, u(0, ·) = u1, Dtu(0, ·) = u2,

with a monotonic decreasing coefficient function b = b(t). We apply a general
approach based on a diagonalization procedure to describe the solution operator
and to derive estimates for it. It turns out that we have to distinguish three
different cases depending on the strength of the dissipation. In the first case
the solutions are asymptotically free. In the second and third cases the dissi-
pation influences the asymptotic behavior. Different methods are necessary to
understand in which cases the decay rate is hyperbolic-like and in which cases
it is parabolic-like. The classification of dissipations hints at applications to
nonlinear models.

Representation of solutions and regularity properties for weakly hy-
perbolic systems
Michael Ruzhansky
Imperial College, London, UK
m.ruzhansky@imperial.ac.uk

We will discuss representation of solutions for symmetric hyperbolic systems
with multiplicities. We will show that for generic systems with diagonal principal
part the solution can be represented as a series of Fourier integral operators
with respect to smoothness. As a result, we will establish regularity properties
of solutions in Lp and other spaces. The talk will be based on the joint work
with Ilia Kamotski.
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Function spaces with exponential weights and Nemytskij operators
Winfried Sickel
Friedrich-Schiller-University Jena, Germany
sickel@minet.uni-jena.de
Coauthors: Gerard Bourdaud, Michael Reissig

We are interested in boundedness and local Lipschitz continuity of composi-
tion operators u 7→ f ◦u in function spaces of Gevrey type. In its simplest form
these function spaces are defined as follows. Let 0 < s < ∞. Then As denotes
the set of all complex-valued functions u ∈ L2 such that

‖u‖ =
(∫
|Fu(ξ)|2 exp(|ξ|1/s)dξ

)1/2

<∞.

Here F denotes the Fourier transform.
One of our main results reads as follows. Let s > 1. Let µ be a complex measure
on R with total variation |µ| and such that µ(Rn) = 0 and∫

exp
(
λ|ξ|1/s log |ξ|

)
d|µ| <∞

for all λ > 0. Let f be the inverse Fourier transform of µ. Then f is an infinitely
differentiable function and the associated composition operators u 7→ f ◦u maps
the real-valued elements of As into As. The operator is also locally Lipschitz
continuous.
In the final part applications to hyperbolic equations are discussed.

A smoothing property of Schrödinger equations and a global existence
result for derivative nonlinear equations
Mitsuru Sugimoto
Osaka University, Japan
sugimoto@math.wani.osaka-u.ac.jp
Coauthor: Michael Ruzhansky

We consider the Cauchy problem for the Schrödinger equation

(i∂t +4)u(t, x) = 0, u(0, x) = g(x).

Kato and Yajima [1] showed a smoothing estimate:

‖A(X,D)u‖L2(Rt×Rnx ) ≤ C‖g‖L2(Rn)

where A(X,D) = |x|a−1|Dx|a (0 < a < 1/2). There is a counterexample to the
inequality in the case a = 1/2. In this talk, we claim that we can take a = 1/2
if we assume a structure on A(X,D). As an application, we can show a global
existence result for derivative nonlinear equations with a structure.
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[1] T. Kato and K. Yajima, Some examples of smooth operators and the
associated smoothing effect, Rev. Math. Phys. 1 (1989), 481–496.

Global existence and blowup for a nonlinear wave equation with a
potential
Kimitoshi Tsutaya
Department of Mathematics, Hokkaido University, Sapporo 060-0810, Japan
tsutaya@math.sci.hokudai.ac.jp

We consider the Cauchy problem for a wave equation with a cubic convolu-
tion together with a potential in three space dimensions. We show the global
existence of smooth solutions for small initial data under some conditions on
decay rates at infinity of the potentials and the initial data. We also show that if
any of the conditions for global existence are relaxed, then there exist arbitrarily
small initial data such that the corresponding solutions blow up in a finite time.

Zeros of a solution for some reaction-diffusion system
Hiroshi Uesaka
Nihon University, Tokyo, Japan
uesaka@math.cst.nihon-u.ac.jp
Let Ω be a bounded domain with smooth boundary ∂Ω ⊂ Rn. All functions

and coefficients are real-valued in this note.
We consider ∂tu = a14u+ b1u+ c1v +M(u, v),

∂tv = a24v + b2v + c2u+N(u, v), in Ω× [0,∞).
B(u) = B(v) = 0 on ∂Ω,

(1)

where B(·) = 0 means some homogeneous boundary condition on ∂Ω, for ex-
ample the Dirichlet boundary condition or the Neumann boundary condition.

We assume
A. 1. Problem (1) has sufficiently smooth and global solutions u and v,
and
A. 2. Let u and v be solutions of Problem (1). If u(x, t0) = 0 and v(x, t0) = 0
in Ω at t = t0, then u and v vanish identically in Ω× [0,∞).

Let λ be a nonnegative first eigenvalue for −4 with a boundary condition
B(·) = 0 in Ω, and φ(x) be its corresponding eigenfunction. φ(x) is positive in
Ω. We set

U(t) =
∫

Ω

u(x, t)φ(x)dx and V (t) =
∫

Ω

v(x, t)φ(x)dx
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Then U and V satisfy{
U ′ = (b1 − a1λ)U + c1V +

∫
Ω
Mφdx,

V ′ = (b2 − a2λ)V + c2U +
∫

Ω
Nφdx

(2)

We set the subsidiary ODE system for W and X as follows,{
W ′ = a3W + c3X,
X ′ = a4X + c4W

(3)

A. 3 c3 > 0 and a4 + (a3 − a4)2/(4c23) > 0.

Under A. 3 a solution W of (3) has infinitely many zeros in an interval
[p,∞) for any p.

We assume the following for coefficients in (2).
A. 4

i) c1 ≥ c3 > 0, and ii) c2 ≥ c4,
iii) (c1 − c3)(c2 − c4) ≥ 1

4 [(b1 − a1λ) + a4 − a3 − (b2 − a2λ)]2.

We have the following theorems.
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Theorem 1
Let M(u, v) ≡ 0. Assume that A. 1, 2, 4 and N(u, v) ≤ 0 if u ≥ 0. Then

a solution u of (1) changes its sign.

and
Theorem 2

Assume that A. 1, 2, 4. Let M(u, v) ≥ 0 and N(u, v) ≤ 0 if u, v ≥ 0. Then
at least either of u or v changes its sign.

In order to prove Theorems 1 and 2, we apply the Prüfer transformation for
U, V,W and X. We use arguments and results by Bôcher [1], Kamke [2], Kreith
[2] and Uesaka [4].

Referencees

[1] M. Bôcher, On the real solutions of systems of two homogeneous linear
differential equations of the first order, Trans. AMS. 1 (1900), 414-420.
[2] E. Kamke, Über Sturm’s Vergleichssätze für homogene lineare Differentialgle-
ichungen zweiter Ordnung und Systeme von zwei Differentialgleichungen erster
Ordnung, Math. Z. 47 (1942), 788-795.
[3] K. Kreith, Oscillation Theory, Lect. Notes in Math. No. 324, Springer,
1973.
[4] H. Uesaka, Oscillation of solutions of nonlinear wave equations, Proc. Japan
Acad., 72 (1996) 148-151.
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Inverse Problems

Organizers:
Robert P. Gilbert (University of Delaware, U.S.A.)
Armand Wirgin (LMA/CNRS, Marseille, France)
Yongzhi Xu (University of Tennessee-Chattanooga, U.S.A.)

Integrable systems and quantum groups
Robert Carroll
University of Illinois, USA
rcarroll@math.uiuc.edu

Various quantum versions of equations of KdV and KP type will be examined
with emphasis on KdV.

An inverse source heat problem and application to a pollution detec-
tion problem
Abdellatif El-Badia
University of Technology of Compiègne, France
abdellatif.elbadia@utc.fr
Coauthor: Tuong Ha-Duong

We consider the problem of identification of a heat source in a bounded
domain D. Assuming that the point sources became inactive after the time
T0 we prove that they can be identified by measurements of the heat flux on
a part of the boundary, with nonvoid interior, and T > T0. By a standard
transformation, we derive from these results a method to identify the polluting
sources on the surface of a river or lake.
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Clinical testing of cancellous bone using ultrasound diagnostics
Robert P. Gilbert
University of Delaware, USA
gilbert@math.udel.edu
Coauthors: James Buchanan, Yongzhi Xu

Since cancellous bone is known to be poroelastic in structure, Biot theory
might be used as a diagnostic tool for the determination of osteoporosis. In order
to determine the density of bone we need to determine the Biot coefficients. To
do this we minimize a suitable cost function. Because of the number of Biot
parameters use is made of certain heuristic relations such as Kozeny-Carmen
which permit an initial reduction of parameters. This permits one to make a
good guess for the global minimizer.

Uniqueness issues for compressible, inviscid fluid-structure
interaction problems
Nilima Nigam
McGill University, Canada
nigam@math.mcgill.ca
Coauthor: G. C. Hsiao

In the context of time-harmonic transmission problems in fluid-structure in-
teractions (compressible, inviscid fluid with lubricated contact on elastic body),
unique solvability may be impacted by the presence of eigenfrequencies, known
as Jones modes. These modes are problematic both for the direct and inverse
problem. In this talk we describe Jones modes and present some results relating
the spectrum to the geometry of the elastic body.

Inverse problems for anisotropic elastic media
Lizabeth Rachele
University at Albany - SUNY, USA
lrachele@math.albany.edu
Coauthor: Anna Mazzucato

We consider dynamic inverse problems for bounded, three-dimensional isotropic
and anisotropic elastic media with smoothly varying density and elastic prop-
erties. We characterize an ambiguity that arises in sensing the material proper-
ties of the interior of a bounded anisotropic elastic object, given displacement-
traction measurements made at the surface. We then show that a consequence
of the ambiguity is that the parameter identification problem for large classes
of anisotropic elastic media may be solved (at least in part) if it has been solved
for simpler classes. In particular, we extend uniqueness results for isotropic
elastodynamics to large classes of anisotropic elastic media.
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This approach is new, depends on a covariant formulation of the equations
of motion for linear elastodynamics, and makes use of the algebraic structure
fundamental to the description of anisotropic elasticity.

Constructions of approximate solutions for linear differential equa-
tions by reproducing kernels and inverse problems
Saburou Saitoh
Department of Mathematics, Faculty of Engineering, Gunma University, Kiryu
376-8515, Japan
ssaitoh@math.sci.gunma-u.ac.jp

We wish to find global information from some local data or some boundary
data of the solutions of some general linear differential equations. We shall
present a new and general method by using the Sobolev Hilbert spaces. Our
method, having good connections with Tikhonov regularizations, will also give a
new method for constructing best approximate solutions for some general linear
differential equations with L2 integrable coefficients.

Some uniqueness results of discontinuous coefficients for the one di-
mensional inverse spectral problem
Mourad Sini
University of Hokkaido, Japan
sini@math.sci.hokudai.ac.jp

In this paper, we deal with the inverse spectral problem −(pu′)′ + qu =
λru on the interval (0, h). We prove some uniqueness results for one or two
discontinuous coefficients among p, q and r, and the length h from the vibrations
of the endpoint zero.
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Direct and indirect problems of a free boundary model of
breast cancer
Yongzhi Xu
Department of Mathematics, University of Tennessee at Chattanooga, USA
yxu@cecasun.utc.edu

DCIS refers to a specific diagnosis of breast cancer that is isolated within
the breast duct, and has not spread to other parts of the breast. Three typical
patterns are found in DCIS: one filling up the duct, one lining up like baby trees
and one spreading out evenly with gaps. We modify a model proposed by Byrne
and Chaplain for the growth of a tumor consisting of live cells to describe the
growth inside a cylinder, a model mimicking the growth of a ductal carcinoma.
The model is in the form of a free boundary problem. The analysis of stationary
solutions of the problem shows interesting results that resemble the three typical
patterns in DCIS.

In this talk we will present analytical and numerical results of our ongoing
research on direct and indirect problems of the free boundary model .
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Nonlinear Analysis and Applications

Organizers:
Mahi R. Singh (University of Western Ontario, Canada)
S. P. Singh (University of Western Ontario, Canada)
Bruce Watson (Memorial University of Newfoundland, Canada)

Finite volume method for unsteady flows
Kumud S. Altmayer
University of Arkansas at Pine Bluff, Arkansas, USA
altmayer k@uapb.edu

Abstract: A linear finite element scheme together with finite difference
method will be used to find solutions for a convection-diffusion equation. We
find error estimates to solve the approximate equations to achieve convergence
of solutions.

Maximal elements and collective fixed points with applications
Q. H. Ansari
Department of Mathematics, Aligarh Muslim University, Aligarh, India
qhansari@sancharnet.in
Coauthor: Lai-Jiu Lin

In 1990, Mehta [Applied Math. Lett. 3 (1990), 69-71] used the Kuratowski
measure of noncompactness to prove the existence of maximal elements for con-
densing preferences defined on a closed, bounded and convex subset of a Banach
space. In the last remark and in the open question, the author was looking
for a possible generalization of this result in the setting of topological vector
spaces. Recently, Chebli and Florenzano [Nonlinear Anal., 38 (1999), 995-1002]
established the maximal element theorem for a Φ-condensing with L-majorized
multivalued mapping defined on a Hausdorff locally convex topological vector
space. They also established the maximal element theorems for a family of Φ-
condensing with L-majorized multivalued mapping defined on a locally convex
topological vector spaces. In this paper, we establish some fixed point theorems
for a particular family of multivalued maps. As a result of our theorems, we
obtain some maximal element theorems for a family of multivalued maps. As
consequences of our results, we establish the existence of a solution of abstract
economies. The equivalence relations of some of our results are also studied.
Our results improve all results of Chebli and Florenzano and many other results
in the literature.
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Transformation of multiple hypergeometric functions
of several variables
R. C. Singh Chandel
Department of Mathematics, DV (Postgraduate) College, Orai-285001, UP, In-
dia
rc chandel@yahoo.com

In the present talk, making an appeal to difference operators, we shall derive
many transformations of multiple hypergeometric functions of several variables
introduced by Chandel-Gupta (Jnanabha 16 (1986), 195–209, and Chandel-
Vishwakarma (Jnanabha 19 (1989), 173–185), which will be quite useful in
mathematical analysis and related areas.

Iterative approximation of solutions of nonlinear equations
of Hammerstein type
Charles Chidume
International Centre for Theoretical Physics, Trieste, Italy
chidume@ictp.trieste.it
Suppose X is a real q-uniformly smooth Banach space and F,K : X → X with

D(K) = F (X) = X are accretive maps. Under various continuity assumptions
on F and K such that 0 = u + KFu has a solution, iterative methods which
converge strongly to such a solution are constructed. No invertibility assumption
is imposed on K and the operators K and F need not be defined on compact
subsets of X. Our method of proof is of independent interest.

On Wachspress quadrilateral patches
H. P. Dikshit
Indira Gandhi National Open University, New Delhi, India
hp math@ignou.ac.in

Bézier Bernstein methods for generating surfaces over triangles have been ex-
tensively studied and used for a variety of applications. Such triangular patches
are computationally convenient for designing surfaces of desired shape. Con-
struction of Bézier Bernstein patches over triangles is facilitated because of the
representation of any point in terms of the barycentric coordinates with respect
to the triangle. Nice shape properties and smoothness conditions for piecewise
defined surfaces over given triangulations are known. In such constructions,
Bernstein basis polynomial functions play a very crucial role. For construction
of surfaces of desired shape, over quadrilaterals, W. Dahmen, H. P. Dikshit and
A. Ojha (Computer Aided Geometric Design 17 (2000)) have used Wachspress
rational basis functions. Comparison between the properties of Bézier Bernstein
triangular patches and the Wachspress quadrilateral patches and smoothness
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conditions for quadrilateral patches have been obtained in H. P. Dikshit and A.
Ojha (Computer Aided Geometric Design 18 (2001)). In the present lecture we
intend to describe these methods and finally give a nice subdivision formula for
Wachspress quadrilateral patches. This result will appear in Computer Aided
Geometric Design.

Viability theory and differential Lanchester type models for combat
Alain Gosselin
Royal Military College of Canada, Kingston, Ontario, Canada
gosselin-a@rmc.ca
Coauthor: George Isac

During the first World War, F.W. Lanchester published his book Aircraft
in Warfare: The Dawn of the Fourth Arm, Constable and Co, Ltd., London
(1916), in which he proposed several mathematical models based on differential
equations to describe combat situations. Since then, his work has been exten-
sively modified to represent a variety of competitions, ranging from isolated
battles to entire wars.

There exists a class of mathematical models known under the name of dif-
ferential Lanchester type models. Such models have been studied from different
point of views by many authors in hundreds of papers and unpublished reports.
We note that Lanchester type models are used in the planning of optimal strate-
gies, supply and tactics.

In this paper, we will show how differential Lanchester type models can be
studied from a viability theory stand point and we will restrict our attention to
the autonomous subclass of these models. In this sense, we will introduce the
notion of winning cone and we will show that for many models, the winning
cone is a viable cone.

About the applicability of Lanchester type models, it is known that the
estimation of the Lanchester coefficients is a big problem. To overcome this
obstacle and facilitate the application of such models, we will introduce, in
this paper, the notion of Lanchester type differential inclusions through the
replacement of the classical coefficients by intervals. In this setting, we will
consider the following problem: Under what conditions is the winning cone also
a viable cone?

In the last part of our paper we will show how the viability theory of dif-
ferential equations can be used to study the Lanchester type models from the
optimal theory point of view.
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On some solvability theorems for general functional equations
George Isac
Royal Military College of Canada, Kingston, Ontario, Canada
isac-g@rmc.ca

In this paper, we will present some existence theorems for general functional
equations of the form

f(x) = 0,

where f is a nonlinear mapping from E into F . The spaces E and F are
supposed to be locally convex spaces. We will consider also the case E = F
where E is supposed to be an arbitrary Banach space endowed with a semi-
inner-product. Our existence results are based on some geometrical conditions,
on the Browder-Fan Fixed Point, and on Schauder Fixed Point Theorem. The
geometrical conditions used in this paper express the fact that f is “obtuse” at
some points. The paper will conclude with some comments on the applicability
of our results.

A delay differential equation model for the pulsatile release of
hormones of the system, the hypothalamus, the pituitary and
the testis
Qamar Jalil Ahmad Khan
Department of Mathematics and Statistics, P. Box: 36, P. Code: 123, College
of Science, Sultan Qaboos University, Al-Khod, Oman
qjalil@squ.edu.om

A model based on experimental facts is studied to explain secretion of hy-
pothalamic hormone, pituitary hormone and testosterone. We considered that
secretion of the hypothalamic hormone is jointly controlled by testosterone and
pituitary concentration. Hypothalamic hormone and testosterone hormone ef-
fects the secretion pituitary hormone. Pituitary hormone in turn stimulates
the release of testosterone. Some part of testosterone hormone comes from the
adrenal cortex. A time delay is taken into account between stimulation and any
significant production of testosterone. We find that in certain circumstances,
using time delay as a bifurcation parameter, Hopf bifurcation may occur. Thus
the pulsatile release of these hormones occur for certain parameter values.
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A Hamiltonian combination of a Hamiltonian system and its system
in variations
Margo Kondratieva
Memorial University of Newfoundland, Canada
mkondra@math.mun.ca
Coauthor: Sergey Sadov

Consider an autonomous Hamiltonian system dx/dt = JH ′(x) written in
terms of Hamilton’s function H, and the standard symplectic matrix J . Its
system in variations is a linear non-autonomous Hamiltonian system dy/dt =
JF ′y(x(t), y) with Hamilton’s function

F (x(t), y) = 1/2yTH ′′xx(x(t))y

where x(t) is a trajectory of the initial system.
We consider a combined autonomous system described by Hamilton’s func-

tion H(x) + F (x, y), in which the initial system receives a feedback from its
own variation proportional to the magnitude of the variation. The system
can be extended by setting M = yyT and then letting M to be any sym-
metric matrix rather than a matrix of rank 1. It leads to a Lax-pair dynamics
JdM/dt = [H ′′(x)J, JM ].

We first study general properties of the extended system: its Hamiltonian
form with degenerate Poisson bracket, Casimir functions, and transformation
properties.

Then a particular case of the anharmonic oscillator H(x) = p2 + q2 + aq4,
x = (p, q), is studied in detail by a perturbation technique (normal forms) and
numerically. The extended system has five variables and two integrals of motion.
It is non-integrable; there are regions with regular and chaotic behaviour. The
dynamics is analytically well understood in two cases: near the origin, due to
the existence of an additional formal integral (a power series preserved by the
flow), and near periodic solutions with x = p = 0, whose stability is analyzed
via the Mathieu equation.

A fixed point theorem for multivalued maps and applications
K. Q. Lan
Ryerson University, Toronto, Canada
klan@ryerson.ca

New fixed point theorems for multivalued maps are proved using an inter-
section theorem for KKM maps obtained recently by the author. These new
results require the maps involved to satisfy a weaker noncompactness condition
and improve previous results including Browder’s fixed point theorem. Appli-
cations of our results are given to problems on sets with convex sections and to
inequalities on transfer-lower-semicontinuous functions.
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Abstract economies, system of generalized vector quasi-equilibrium
problems and mixed variational inequalities
Lai-Jiu Lin
Department of Mathematics, National Changhua University of Education, Changhua,
Taiwan 50058
maljlin@math.ncue.edu.tw
Coauthor: Li-Fang Chen

In this paper, we first establish the existence results of generalized abstract
economies in a non-compact and non-paracompact set with a lower semicon-
tinuous constraint correspondence and a fuzzy constraint correspondence. As
consequence of our results, we get existence theorems for a solution to the sys-
tem of generalized vector quasi-equilibrium problems. As applications, we de-
rive some existence theorems for the Debreu-type vector equilibrium problems,
Nash-type equilibrium problems for vector-valued mappings and the system of
mixed vector quasi-variational inequality problems.

Numerical simulations of absorption and emission of photons
in photonic band gap materials doped with atom
Debashish Mukherji
Department of Physics and Astronomy, University of Western Ontario, London,
Canada
msingh@uwo.ca
Coauthor: Mahi R. Singh

A new era has emerged in which the band structure due to the periodic
potential inside crystal concept was applied to electromagnetism, leading to
the invention of artificial electromagnetic crystal structure. These crystals are
known as Photonic crystals. This gap is due to the presence of three dimensional
periodicity of dielectric constants and due to the scattering of photons with these
periodic scatterers. Recently, there has been considerable interest in studying
these materials due to their potential application in quantum optics, such as
electromagnetically induced transparency, quantum interference etc. In this
paper, numerical simulations have been performed to calculate the absorption
and the emission coefficients, when a PBG material is doped with a three level
atom. The coefficients are calculated as a function of the intensity of an external
laser light. It is found that the absorption coefficient is less when the resonance
frequencies lie above the band gap than that of when they lie below the band
gap. For this purpose the Schrödinger equation has been used in the interaction
picture.
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A variational inequality and complementarity problem in semi-inner-
product space
Sudarsan Nanda
Department of Mathematics, Indian Institute of Technology, Kharagpur 721302,
India
snanda@maths.iitkgp.ernet.in

The purpose of this paper is to present a brief review of known results on
variational inequalities and complementarity problems and to prove an existence
theorem for a variational inequality in certain semi-inner-product spaces under
some contractive type conditions on the operator.

In fact we prove the following theorem:
Theorem: Let X be uniformly convex and strongly smooth (so that X is a
unique semi-inner-product space) and let K be a closed convex subset of X. Let
T : K 7→ K satisfy any one of the following conditions:

1. ‖Tx − Ty‖ ≤ a‖x − y‖ + b‖Tx − x‖ + c‖Ty − y‖ with −1 < a < 0, b ≥
0, c ≥ 0, a+ b+ c = 0,

2. ‖Tx−Ty‖ ≤ a1‖x−y‖+a2‖x−Tx‖+a3‖y−Ty‖+a4‖x−Ty‖+a5‖y−Tx‖
with −1 < a1 < 0, a2, a3, a4, a5 ≥ 0,

∑5
i=1 ai = 0,

3. ‖Tx− x‖+ ‖Ty − y‖ ≤ ‖x− y‖

Then there exists a y0 ∈ K such that [Ty0, z − y0] ≥ 0 for all z ∈ K.

Parallel Algorithms for Variational Inequalities Arising from Type-II
Superconductors
Abul Hasan Siddiqi
Department of Mathematical Sciences, King Fahd University of Petroleum &
Minerals, Dhahran, Saudi Arabia
ahasan@kfupm.edu.sa

Superconductors are materials that exhibit zero resistivity below a critical
temperature (Tc) which depends upon the material. Superconductors are clas-
sified as either type I or type II, the former applying to the original element
superconductors such as zinc, mercury, and aluminum, and the latter referring
to the modern compounds such as yttrium barium cuprate. In 1986, the in-
vention of high-temperature superconducting materials by Muller and Bednorz,
who won Nobel Prize for Physics in 1987 for their contributions, aroused great
interest among scientists and engineers. A group of engineers started examining
the possibility of replacing the traditional permanent magnets by superconduct-
ing magnets in various types of equipment and machines while another group
of mathematicians, physicists and engineers became engaged in mathematical
modeling and numerical simulation of these phenomena to understand prop-
erly the puzzling behaviour of the high-temperature superconductors (type-II
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superconductors). The real superconductor revolution everyone is awaiting is
the application of high-temperature materials in the power industry after the
expected manufacturing of superconducting power cables. It is predicted that it
may generate markets worth many tens of billions of dollars in about 15 years.

The Bean and Kim et al. models of type-II superconductors are well known.
In the Bean model, the current density in superconductor cannot exceed some
critical value say Jc, which is a constant determined by the properties of su-
perconducting material of type-II superconductors. In the Kim et al. model
the critical current density depends on the magnetic field. It has been shown
that the Bean model is equivalent to a parabolic variational inequality while the
Kim et al. model is equivalent to a parabolic quasi-variational inequality. J. L.
Lions and his collaborators such as Glowinski, Tremolieres, have made system-
atic efforts to develop numerical simulation of parabolic variational inequalities.
Improvements of many of their results have also been studied. However, numer-
ical methods for parabolic quasi-variational inequalities are not well developed.
In 1999, Lions has also studied parallel algorithms for parabolic variational in-
equalities and indicated the possibility of development of such algorithms for
certain classes of parabolic quasi-variational inequalities. Furati and Siddiqi are
studying numerical solutions of the Bean and Kim et al. models in a research
project of the King Fahd University of Petroleum & Minerals. Mainly, these
results will be reported in the talk.

Interior and boundary methods in linear programming
J. N. Singh
Department of Mathematics and Computer Science, Barry University, 11300 N.
E. 2nd Avenue, Miami Shores, FL 33161, USA
singh j n@hotmail.com

In this talk we discuss interior and boundary methods in linear programming
and indicate some research directions in which further progress can be achieved.

A theory of the coherent trapping of polaritons in dispersive and
photonic band gap materials
Mahi R. Singh
Department of Physics and Astronomy, University of Western Ontario, London,
Ontario N6A 3K7, Canada
msingh@julian.uwo.ca
Coauthor: S. P. Singh

Quantum coherence and correlation in atomic and radiation physics have
led to many interesting and unexpected consequences such as the Hanles effect,
lasing without inversion. Recently there is considerable interest in studying
these phenomenon in condensed matter physics. Dispersive and photonic band

54



gap materials are studied widely due to their unusual optical properties and
their potential applications. In photonic band gap materials, the band gap is
due to the multiple photon scattering by spatially correlated scatters but in the
dispersive band gap (DBG) materials, the energy gap is due to photon coupling
to an elementary excitation (exciton, optical phonon, etc.) of the media [1].
Rupasov and Singh [2] have shown that when a two level atom is doped in DBG
materials, there is a suppression of spontaneous emission when the excited state
of the atom lies within the band gap. In this paper, we study the coherent
trapping of polaritons in the DBG and PBG materials doped with a quantum
dot acting as a three-level atom. The three levels are denoted by |a >, |b > and
|c >. The atom is prepared in the linear combination of the two lower states |b >
and |c > where the state |c > is the lowest. It is considered that the absorption of
radiation field from |b > to |a > and |c > to |a > are allowed but the emission
of radiation between |b > and |c > is forbidden. It is found that the energy
gap in the polariton spectrum plays a very important role in the absorption
of polaritons. When the two resonant excitation energies for transitions |b >
to |a > and |c > to |a > lie outside the band gap, there is an absorption
of two polaritons with two different frequencies. But for certain conditions,
the probability of absorbing two polaritons become zero and the polaritons are
trapped in these two states. In other words, the system is effectively transparent
to the incident field even in the presence of resonant transition.

[1] S. John, Phys. Rev. Lett. 58, 2486 (1987);E. Yablonovitch, Phys. Rev.
Lett. 58, 2059 (1987); M. Singh, Physica (in press, 2003).

[2] V. I. Rupasov and M. Singh, Phys. Rev. Lett. 77, 338 (1996); Phys.
Rev. A 56, 898 (1997)

Non-realcompact products with a metric factor
Neeta Singh
Department of Mathematics, University of Allahabad, 211002, India
n s32132@yahoo.com
Coauthor: Alan Dow

We are studying the general question of when v(X × Y ) is the same as
vX × vY where vX denotes the realcompactification of the space X.

M. Husek has shown that there is no topological property of X×Y which is
equivalent to the equality v(X×Y ) = vX×vY (where equality of extensions of
any space X is understood to mean via a homeomorphism which is the identity
on X). In this paper, we are studying a restricted question in which the factor
X is assumed to be metric. W. Comfort has shown that if X is locally compact
and realcompact, then v(X × Y ) = X × vY for all spaces Y .

We show that if X is a locally separable non-locally compact metric space,
then, for all Y, v(X × Y ) = X × vY if and only if each locally finite countable
family of cozero-set subsets of Y is also locally finite in vY .
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We also prove a similar result for the locally non-separable case. Examples
are constructed to illustrate that the properties involved do depend on the metric
spaces.

Ky Fan’s best approximation theorem and applications
S. P. Singh
Department of Physics and Astronomy, University of Western Ontario, London
N6A 3K7, Canada
ssingh2@uwo.ca
Coauthor: Mahi R. Singh

The well known Ky Fan’s best approximation theorem is useful in proving
results in fixed point theory under different boundary conditions.

Using best approximation theorem we will give a few results of fixed point
theory, and then we discuss applications of fixed points in areas like mathemat-
ical economics, variational inequalities and mathematical physics.

It is easy to show that fixed point theorems, best approximation results and
results in variational inequalities are equivalent in certain special spaces.
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Orthogonal Polynomials and Special Functions

Organizer:
Martin Muldoon (York University, Canada)

The multiple gamma function: theory, computation and applications
Victor Adamchik
Carnegie-Mellon University, USA
adamchik@cs.cmu.edu

In this talk I will present some theoretical aspects of the multiple gamma
function and their applications to summation and integration.

Structural theorems for continuous polynomial hypergroups
William C. Connett
University of Missouri - St. Louis, USA
connett@arch.umsl.edu
Coauthor: Alan L. Schwartz

Continuous polynomial hypergroups, are hypergroups which have polyno-
mial characters in the continuous variable. If there are enough of these char-
acters then these hypergroups have a canonical description, and a complete
characterization can be given in terms of simpler hypergroups that have either
the Jacobi polynomials or the disk polynomials as characters.

The behaviour of the complex zeros of the Laguerre and Jacobi
polynomials
Mark V. DeFazio
York University, Toronto, Canada
ysma9305@mathstat.yorku.ca

Let {pn(z)}∞n=0 be a sequence of polynomials of exact degree that satisfies
the three term recurrence relation zpn(z) = bnpn+1(z) + cnpn(z) + dnpn−1(z)
with the initial conditions p−1(z) := 0 and p0(z) = 1. The zeros of pn(z) are
the eigenvalues of the n by n tridiagonal matrix with super-diagonal entries bk,
k = 0, 1, · · · , n−2, main diagonal entries ck, k = 0, 1, · · · , n−1 and sub- diagonal
entries dk, k = 1, 2, · · · , n−1. If the coefficients of the recurrence relation satisfy
cn real and bndn+1 > 0, the sequence of polynomials are orthogonal with respect
to a probability measure and the zeros real simple and interlacing. If the product
bndn+1 is allowed to be negative then the zeros may be complex and non-simple.
The zeros in this case can be studied using techniques from matrix analysis and
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this is done for the Laguerre polynomials, Lαn(z), for α < −1 and for the Jacobi
polynomials, P (α,β)

n (z), for α < −1 and β = cα where c is a complex number.

On the zeros of a transcendental function
Mark V. DeFazio
York University, Toronto, Canada
ysma9305@mathstat.yorku.ca
Coauthor: Martin E. Muldoon

We consider the zeros of the function g(z) = z+ be−z, z complex and b real.
We study their type, behaviour and location in the complex plane as b varies
from −∞ to +∞. We will show that g(z) has an infinite number of zeros for
each value of b except b = 0 in which case there is a single simple zero at the
origin. Further all of the zeros are simple for each value of b except for a zero of
order two at z = −1 in the case b = 1/e. We will apply our results to a question
of stability.

Square summability with geometric weight and new orthogonality for
classical orthogonal polynomials
Dmitrii Karp
Institute of Applied Mathematics, Far Eastern Branch, Russian Academy of
Sciences, Vladivostok, Russian Federation
garfy@mail.primorye.ru

Let fk be the k-th Fourier coefficient of a complex-valued function f in
the system of either Hermite or Laguerre or Jacobi polynomials (in each case
f is defined on the interval of orthogonality of the corresponding system of
polynomials). We give necessary and sufficient conditions on f for the inequality

∞∑
k=0

|fk|2θk <∞ (1)

to hold with a fixed θ > 1.
For the Hermite expansions inequality (1) holds if and only if f is the re-

striction to the real axis of an entire function with (z = x+ iy)∫
C

|f(z)|2 exp
[
−2
(

x2

θ + 1
+

y2

θ − 1

)]
dxdy <∞
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For the Laguerre expansions inequality (1) holds if and only if f is the restriction
to the positive half-axis of an entire function with (z = x+ iy)∫

C

|f(z)|2 exp
(

2x
θ − 1

)
|z|νKν

(
2

√
θ|z|

θ − 1

)
dxdy <∞,

where Kν is the MacDonald function.
Finally, for the Jacobi expansions, inequality (1) holds if and only if f is a

restriction to the interval (−1, 1) of a function holomorphic inside the ellipse

Eθ =
{
z : |z − 1|+ |z + 1| < θ

1
2 + θ−

1
2

}
and possessing square-summable non-tangential boundary values, i.e.∫

∂Eθ

|f(z)|2|dz| <∞.

Corollaries of these results are new orthogonality formulae on the entire complex
plane for the Laguerre and Hermite polynomials and analytic continuability
criteria for functions defined on a line, half-line or an interval. For instance we
have:

2θ−ν/2

π(θ − 1)

∫
C

Lνk(z)Lνm(z) exp
(

2x
θ − 1

)
|z|νKν

(
2
√
θ|z|

θ − 1

)
dxdy = δk,m

Γ(k + ν + 1)θk

k!
.

Asymptotics of the zeros of Bessel (cylinder) functions and their
derivatives: a footnote
Lee Lorch
York University, Toronto, Canada
lorch@mathstat.yorku.ca

F. W. J. Olver found a complete asymptotic expansion for cνk as ν → ∞
and fixed k = 1, 2, 3, . . . . Later, Á. Elbert and A. Laforgia achieved the same
result by different methods. Both sets of authors require cνk > ν for all ν > θ.
When cν1 < ν for all large ν, R. Spigler established the first several terms of
the corresponding expansions.

Here cνk is the the k-th positive zero of the cylinder function Cν(x) =
Jν(x) cos θ − Yν(x) sin θ, with θ fixed.

This note points out that there are no further cases to consider beyond what
Olver (or Elbert and Laforgia) and Spigler have studied.

Similar results apply to the zeros of the derivative C ′ν(x).
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A combinatorial problem with connections to Laplace transforms,
probability and splines
Amram Meir
York University, Toronto, Canada
ameir@mathstat.yorku.ca
Coauthor: J. W. Moon

There are (n−1)! rooted recursive trees with n nodes. Let Q(n, k) denote the
number of recursive trees with n nodes having k terminal nodes. We show first
that these quantities are the values, at t = k, of certain (basic) real polynomial
splines Q(n, t) , of degree n− 1. We find the Laplace transforms of the Q(n, t)
and, using inversion, we establish an asymptotic estimate for Q(n, k)/(n − 1)!
for the substantially important values of k (when |k− n/2| is not too large), as
n→∞.

On the product of operators and certain properties of generalized
functions
M. A. Pathan
Department of Mathematics, Aligarh Muslim University, Aligarh 202002, India
mapathan@postmark.net

We establish a result concerning eigenvectors for the product of two oper-
ators defined on a Lie algebra of endomorphisms of the vector space V . The
results given by Radulescu, Mandal, and Pathan and Khan follow as special
cases of this result. Further, using these results, we deduce certain proper-
ties of two variable Hermite-Kampe de Feriet polynomials, generalized Hermite
polynomials, generalized Bessel and Hermite-Tricomi functions.

A turning-point theory for difference equations
Roderick Wong
Mathematics Department, City University of Hong Kong, Tat Chee Avenue,
Kowloon Tong, Hong Kong
mawong@cityu.edu.hk
Coauthor: Zhen Wang

A turning-point theory is developed for the second-order difference equation

Pn+1(x)− (Anx+Bn)Pn(x) + Pn−1(x) = 0, n = 1, 2, 3, . . . ,

where the coefficients An and Bn have asymptotic expansions of the form

An ∼ n−θ
∞∑
s=0

αs
ns

and Bn ∼
∞∑
s=0

βs
ns
,
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θ 6= 0 being a real number. In particular, it is shown how the Airy functions
arise in the uniform asymptotic expansions of the solutions to this three-term
recurrence relation. As an illustration of the main result, a uniform asymptotic
expansion is derived for the orthogonal polynomials associated with the Freud
weight exp(−x4), x ∈ R.
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Pseudo-Differential Operators

Organizers:
Ryuichi Ashino (Osaka Kyoiku University, Japan)
Paolo Boggiatto (University of Torino, Italy)
M. W. Wong (York University, Canada)

An application of the wavelet transform to system identification
Ryuichi Ashino
Osaka Kyoiku University, Japan
ashino@cc.osaka-kyoiku.ac.jp
Coauthor: Takeshi Mandai and Akira Morimoto

A review of system identification based on distribution theory is given. By
the Schwartz kernels theorem, there corresponds a unique distribution, called
the distribution kernel, to every continuous linear system. A formula using
the wavelet transform to access time-frequency information of the distribution
kernel is deduced and an application of the formula to system identification is
given.

Localization Operators with Lr symbols on Lp spaces and modulation
spaces
Paolo Boggiatto
Dipartimento di Matematica, Università di Torino, Italy
boggiatto@dm.unito.it

We prove some results on boundedness and compactness for localization
operators on Lp(Rn) with symbols in Lr(R2n). Then we consider modula-
tion spaces and prove a condition for the boundedness of these operators be-
tween modulation spaces. Through the pseudodifferential calculus these re-
sults are reformulated for Weyl operators. Compactness conditions are then
proved for localization operators on modulation spaces with symbols in Lp(R2n),
(1 ≤ p < ∞) and with bounded symbols vanishing at infinity. We generalize
these conditions by interpolation and extend them in order to include classes of
modulation spaces with polynomial dominated weights. The pseudodifferential
calculus permits again a reformulation of these conditions for Weyl operators.
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Complex powers of hypoelliptic operators
Ernesto Buzano
Dipartimento di Matematica, Università di Torino, Via Carlo Alberto 10, 10123
Torino, Italy
ernesto.buzano@unito.it
Coauthor: Fabio Nicola

Let S(m, g) be the Hörmander class of symbols with weight m and metric
g. We denote by Ψ(m, g) the space of pseudodifferential operators with Weyl
symbol in S(m, g).

Given a non-negative hypoelliptic operator A ∈ Ψ(m, g), with symbol a such
that <a > −c0|=a|, we show that for all complex number z with <z > 0, the
power Az is a hypoellipic operator in Ψ(m<z, g).

As an application we show that

Ψ(m, g) ⊂ Sp ⇐⇒ m ∈ Lp,

where 1 ≤ p <∞ and Sp is the Shatten-von Neumann class.

Composition of localization operators
Elena Cordero
Department of Mathematics, University of Turin, Italy
cordero@dm.unito.it

The composition of two localization operators can be written in terms of a
new localization operator, modulo a remainder operator. We study the bound-
edness and regularity properties of such a product.

Hypoellipticity of anisotropic semilinear PDE’s
Giuseppe De Donno
University of Torino, Italy
dedonno@dm.unito.it

We propose an approach based on methods from microlocal analysis, for
characterizing the hypoellipticity of semilinear anisotropic partial differential
operators with multiple characteristics, in dimension n greater than or equal to
2. Conditions are imposed on the lower order terms of the linear part of the
operator; also Gevrey regularity is obtained for linear anisotropic operators.
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Lp-regularity of solutions to linear and semilinear multi-quasi-elliptic
equations
Gianluca Garello
Dipartimento di Matematica, Università di Torino, Via Carlo Alberto 10, 10123,
Torino, Italy
gianluca.garello@unito.it
Coauthor: Alessandro Morando

In the first part of the talk, attention is fixed on the study of the basic
properties in the Lp framework of a class of weighted pseudodifferential oper-
ators which cannot be included in the standard classes (1, 0). Application are
then given to the study of regularity of solutions to linear multi-quasi-elliptic
equations.

In the second part we show the Lp continuity of a class of pseudodifferential
operators with non smooth symbols and we conclude with an application to
semilinear multi-quasi-elliptic equations.

Representation of differential operators in two-dimensional periodic
wavelet bases and applications to PDEs
M. A. Hajji
Department of Mathematics, University of Ottawa, Canada
hemmi@science.uottawa.ca
Coauthors: Sam Melkonian and Remi Vaillancourt

Existing work on the representation of operators in one-dimensional, compactly-
supported, orthonormal wavelet bases is extended to the case of two dimensions.
The non-standard forms of the representations of operators is given in both sep-
arable and nonseparable two-dimensional, periodic, orthonormal wavelet bases.
The corresponding matrices are constructed for general linear, two-dimensional
spatial differential operators.

The representation of differential operators is then used to develop an adap-
tive wavelet-based numerical scheme for solving certain linear and nonlinear
partial differential equations in two space dimensions. In particular, the scheme
is used to investigate the flow of a small amplitude disturbance of a thin film of
fluid down an inclined plane.
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A parametrix construction for semi-linear elliptic boundary problems
Jon Johnsen
Aalborg University, Mathematics Department, Fredrik Bajers Vej 7G, DK-9220
Aalborg, Denmark
jjohnsen@math.auc.dk

The talk will focus on a fairly recent construction of parametrices for semi-
linear elliptic boundary problems. Building on well-established tools, like pseu-
dodifferential boundary operators for linear elliptic problems and paradifferen-
tial linearizations of non-linear terms, the parametrix formulas are not compli-
cated to derive. The parametrices give an easy way to determine the solution’s
regularity in, e.g., Hölder or Lp-Sobolev spaces, and also in subregions touching
the boundary. These features will be explained to the extent that time permits.

Applications of oscillation spaces in time-frequency localization
Krzysztof Nowak
Drexel University, USA
knowak@mcs.drexel.edu

This is an overview of applications of oscillation spaces in the study of eigen-
values of localization operators. In the first part we discuss basic properties of
oscillation spaces, their relationship with Toeplitz and Hankel operators and
several fundamental applications in the calculus of Toeplitz operators. In the
second part we deal with adaptations to the context of tight frames and discrete
lattices. In the last part we present recent results describing the relationship
between second order eigenvalue asymptotics and the boundary behavior of the
localization domain.

Pseudo-differential operators and Feller processes
R. Schilling
University of Sussex, UK
r.schilling@sussex.ac.uk

Under some mild assumptions on the domain of the infinitesimal generator
of a Feller process (resp. Feller semigoup) Courrège showed that the generator
is necessarily a pseudo-differential operator with rough symbol. We sketch a
new proof of thsi result and obtain a nice stochastic formula for the symbol.
Moreover, we show how one can study probabilistic properties of the stochastic
process by analyzing the symbol of the generator.
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Global L2-boundedness theorems for a class of Fourier integral
operators
Mitsuru Sugimoto
Osaka University, Japan
sugimoto@math.wani.osaka-u.ac.jp
Coauthor: Michael Ruzhansky

The local L2-mapping property of Fourier integral operators has been es-
tablished in Hörmander [4] and in Eskin [3]. In this talk, we treat the global
L2-boundedness for a class of operators that appears naturally in many prob-
lems. As a consequence, we will improve known global results for several classes
of pseudo-differential and Fourier integral operators, as well as extend previous
results of Asada and Fujiwara [1] or Kumano-go [5]. As an application, we
show a global smoothing estimate for generalized Schrödinger equations which
extends the results of Ben-Artzi and Devinatz [2], Walther [6], and [7].

[1] K. Asada and D. Fujiwara, On some oscillatory integral transformations
in L2(Rn), Japan. J. Math. (N.S.) 4 (1978), 299–361.

[2] M. Ben-Artzi and A. Devinatz, Local smoothing and convergence proper-
ties of Schrödinger type equations, J. Funct. Anal. 101 (1991), 231–254.

[3] G. I. Eskin, Degenerate elliptic pseudo-differential operators of principal
type, Math. USSR Sbornik, 11 (1970), 539–585.

[4] L. Hörmander, Fourier integral operators. I, Acta Math.127 (1971), 79–
183.

[5] H. Kumano-go, A calculus of Fourier integral operators on Rn and the
fundamental solution for an operator of hyperbolic type, Comm. Partial Differ-
ential Equations 1 (1976), 1–44.

[6] B. G. Walther, A sharp weighted L2-estimate for the solution to the time-
dependent Schrödinger equation, Ark. Mat. 37 (1999), 381–393.

[7] B. G. Walther, Regularity, decay, and best constants for dispersive equa-
tions, J. Funct. Anal. 189 (2002), 325–335.

Distribution laws for integrable eigenfunctions
Tatsuya Tate
Keio University, Japan
tate@math.keio.ac.jp
Coauthors: Bernard Shiffman and Steve Zelditch

We give several precise results on the distribution functions of the joint
eigenfunctions of the completely integrable quantum system defined by the torus
action on a toric Kähler manifold.

In such a system, the eigenfunctions are shown to be localized at the cor-
responding invariant torus. In particular, they are close to Gaussian functions
near the invariant torus. As a result, the distribution functions tend to zero
at the center of the localization. We first determine the rate of the decay of
distribution functions.
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Next, we show that there is a universal scaling limit of the distribution
functions on small length scales. This scaling law agrees with the physicists’
predicted distribution for exponentially localized eigenfunctions.

We also determine the limit distribution of eigenfunctions on large length
scales. These are not universal but depend on the global geometry of the toric
variety and in particular on the details of the exponential decay of the eigen-
functions away from the classically allowed set.

Modulation spaces of non-standard type and pseudo-differential
operators
Joachim Toft
Department of Mathematics, Blekinge Institute of Technology,
371 79 Karlskrona, Sweden
joachim.toft@bth.se

We discuss general properties for weighted modulation spaces, and give some
applications to the theory of pseudo-differential operators (Ψ do’s). In the first
part of the talk we present basic continuity properties for such spaces, for ex-
ample identification properties between different types of modulation spaces,
and embeddings between modulation spaces and Sobolev/Besov spaces. In the
second part we discuss continuity properties for Ψ do’s in background of mod-
ulation spaces. This means that we assume that the symbols for the Ψdo’s
should belong to modulation spaces and that continuity for such operators are
considered on modulation spaces as well. By using embedding properties be-
tween modulation spaces, standard symbol classes in Ψ do’s and Sobolev/Besov
spaces, we also show that new results in the theory for Ψ do’s with classical
functions and symbol spaces may be obtained. Some aspects of application to
other parts in PDE theory are also presented.

Comparing multiresolution SVD with other methods for image com-
pression
Rémi Vaillancourt
University of Ottawa, Canada
remi@mathstat.uottawa.ca

Image compression with multiresolution singular value decomposition is com-
pared with other transforms: discrete cosine, discrete 9/7 biorthogonal wavelet,
Karhunen–Loève, and combinations thereof. Transmission uses SPIHT and run-
length with Huffmann coding. At 1 bit-per-pixel, the performances of these
methods differ little from each other.
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At lower bpp, the 9/7 biorthogonal wavelet transform is superior for most
images that were tested for given compression rates, but for certain block trans-
forms and certain images other methods are slightly superior. This is joint work
with Ryuichi Ashino, Akira Morimoto and Michihiro Nagase.

Pseudodifferential operators for microlocal analysis and image restora-
tion
Rémi Vaillancourt
University of Ottawa, Canada
remi@mathstat.uottawa.ca

Symbols of pseudodifferential operators are designed for localizing the sin-
gularities of tempered distributions by means of their microlocal content. The
symbols are modulated tapered characteristic functions of squares, or sectors of
annuli, or of more general regions, which pave the Fourier domain. Thus they
form redundant smooth tight wavelet frames, with frame bounds equal to one.
A procedure is derived to restore smooth natural images by removing added
singularities. This is joint work with Ryuichi Ashino, Steven J. Desjardins,
Christopher Heil and Michihiro Nagase.

Trace class norm inequalities for two-wavelet multipliers
Zhaohui Zhang
York University, Toronto, Canada
zhangzha@mathstat.yorku.ca
Coauthor: M. W. Wong

Sharp upper bounds and lower bounds for the trace class norms of two-
wavelet multipliers are derived.
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Reproducing Kernels and Related Topics

Organizers:
D. Alpay (Ben-Gurion University, Israel)
J. A. Ball (Virginia Polytechnic Institute and State University, U.S.A.)
T. Ohsawa (Nagoya University, Japan)
S. Saitoh (Gunma University, Japan)

Interpolation and the Hardy space on the homogeneous dyadic tree:
the stationary case
Daniel Alpay
Department of Mathematics, Ben-Gurion University, Beer-Sheva, Israel
dany@math.bgu.ac.il
Coauthor: Dan Volok

We define a function theory space on the dyadic tree, which allows us to
extend in a natural way the notion of analytic functions, Cauchy’s formula and
the Hardy space of the open unit disk. We define Blaschke factor and prove
a homogeneous interpolation theorem. Connections with the theory of non
stationary linear systems indexed by the integers are made.

The Helson-Szegő Theorem for Operator-Valued Weight
Miron B. Bekker
Department of Mathematics and Statistics, University of Missouri-Rolla, USA
bekkerm@umr.edu
Coauthor: Alexander P. Ugol’nikov

Necessary and sufficient conditions of boundedness of the Hilbert Transform
on a L2-space, generated by a trace-class operator-valued weight, are given. Our
method is similar to the method of M. Cotlar and C. Sadosky
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Backward shift operator and finite dimensional de Branges-Rovnyak
spaces in the ball
Dubi Chen
Dept. of Mathematics, Ben-Gurion University of the Negev, Israel
dubi@cd.bgu.ac.il
Coauthor: D. Alpay

Recently, V. Bolotnikov and L. Rodman characterized finite dimensional
backward shift invariant subspaces of the Arveson space. In this note we study
finite dimensional backward shift invariant Hilbert spaces contractively included
in the Arveson space. To that purpose we redefine in an appropriate way the
backward shift operators in terms of power series expansions.

Some related factorization theorems will be discussed.
The work presented is joint work with Daniel Alpay.

Bergman kernel for complex harmonic functions on some balls
Keiko Fujita
Faculty of Culture and Education, Saga University, Saga 840-8502, Japan
Keiko@cc.saga-u.ac.jp

We introduce “Np-norms” defined by using the Lie norm and the “Np-ball”
defined by the Np-norm. We have studied holomorphic functions and analytic
functionals on the Np-balls and we gave the Bergman kernel for a Hardy space
on the Np-balls by a double series by using homogeneous harmonic extended
Legendre polynomials. In the 2-dimensional case, we can calculate the coeffi-
cients of the double series expansion. In general, it is difficult to represent the
Bergman kernel in a concrete form.

In this talk, we mainly treat complex harmonic functions in the 2-dimensional
Np-balls and determine the “harmonic” Bergman kernel by a infinite sum and
we will show it in a concrete form in the case of the dual Lie ball (N1-ball), the
complex Euclidean ball (N2-ball) and the Lie ball.

Weighted spaces of regular functions associated with fractional
integro-differentiation
A. M. Jerbashian (Djrbashian)
Institute of Mathematics, National Academy of Sciences, Armenia
armen jerbashian@yahoo.com

The survey gives a general concept uniting the theories of Apα spaces, Nevan-
linna’s weighted classes of meromorphic functions in |z| < 1, M.M.Djrbashian’s
factorization theory and author’s recent results in the field. In addition, the
author’s new results on the similar theory in the half-plane are presented.
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Functions with indefinite Carathéodory-Pick matrices
Leiba Rodman
College of William and Mary, USA
lxrodm@math.wm.edu
Coauthors: Vladimir Bolotnikov, Alexander Kheifets

Classes of complex valued functions are defined by the property that all
Carathéodory–Pick matrices of a function have not more than a prescribed
number of negative eigenvalues, and at least one Carathéodory–Pick matrix of
the function has exactly the prescribed number of negative eigenvalues. The
classes are characterized in several ways, leading in particular to solution of
extension problems.

Applications of reproducing kernels to best approximations, Tikhonov
regularizations and inverse problems
Saburou Saitoh
Department of Mathematics, Faculty of Engineering, Gunma University, Kiryu
376-8515, Japan
ssaitoh@math.sci.gunma-u.ac.jp

In order to solve some general compact operator equations, the Tikhonov
regularizations are very important for constructing the generalized solutions in
practice. However, it seems that for the use of eigenvalues and eigenfunctions,
the representations of the solutions are, in a sense, abstract, and compact op-
erators are too restrictive for many applications. So, we shall show a good
application of the theory of reproducing kernels to the Tikhonov regularizations
and inverse problems for some general bounded linear operator equations on
reproducing kernel Hilbert spaces. Our representations of the solutions are,
very surprisingly, constructive for the use of reproducing kernels. We shall show
several concrete applications in some general linear differential equations with
L2integrable coefficients, real inversion formulas of the Gaussian convolutions,
and real inversion formulas of the Laplace transform.
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On reproducing kernel Hilbert spaces in hypercomplex analysis
Michael Shapiro
Instituto Politécnico Nacional, Mexico City, Mexico
shapiro@esfm.ipn.mx

This is a survey talk on the topic stated in the title. By hypercomplex anal-
ysis, is meant different versions of quaternionic and Clifford analysis which have
been developed quite intensely in recent decades in many centers. It is proposed
to give a brief account of those versions, as well as to present what has been done
in the theory of reproducing kernel Hilbert spaces in the hypercomplex setting,
from its beginning not too long ago up to the very recent developments. This
work was partially supported by Instituto Politécnico Nacional via COFAA and
CGPi and by CONACYT projects.

Realization theory of Herglotz-Nevanlinna matrix-valued functions
and explicit system solutions
Eduard Tsekanovskii
Niagara University, USA
tsekanov@niagara.edu

A survey of recent results in realization theory of Herglotz-Nevanlinna matrix-
valued functions, interpolation problems and explicit system solutions obtained
jointly by the author and D. Alpay, Yu. Arlinskii, S. Belyi, S. Hassi and H.
de Snoo is presented. An extension of Brodskii-Livšic systems (operator colli-
gations), involving an unbounded main operator and an additional orthogonal
projection, is studied.

It leads to new types of representation and realization results for certain
classes of Herglotz-Nevanlinna functions and for the associated transfer func-
tions. It is shown that the main operator of the system and corresponding
orthogonal projector satisfy certain commutativity conditions precisely when
linear term in the realization of a given Herglotz-Nevanlinna matrix-valued func-
tion is absent. The realization criterion of general Herglotz-Nevanlinna matrix-
valued function in terms of linear fractional transformation of transfer function
of the systems involving triplets of Hilbert spaces (rigged operator colligations)
is obtained. The role of a constant J-unitary factor of the transfer matrix-valued
function in realization theory is established.

We consider also a new type of solutions of Nevanlinna–Pick interpolation
problem, so–called explicit system solutions, generated by Brodskii–Livsic time-
invariant scattering systems(colligations), and find conditions on interpolation
data of their existence, uniqueness and restoration. We present in terms of
interpolation data the exact formula for the angle of sectoriality of the main
operator in the explicit system solution as well as the criterion for this operator
to be extremal.
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Stochastic Analysis and Applications

Organizer:
Niels Jacob (University of Wales at Swansea, U.K.)

Symmetric stable processes in cones
Krzysztof Bogdan
Wroclaw University of Technology, Poland
bogdan@kac.im.pwr.wroc.pl

Exponents of integrability of the first exit time from generalized cones for
conditioned rotation invariant stable Lévy processes will be discussed. Along
the way we introduce the “spherical fractional Laplacian” and derive some of
its spectral properties.

Simulation of fractional Lévy fields
Serge Cohen
Université Paul Sabatier, UFR MIG, Laboratoire de Statistique et de
Probabilités, 118, Route de Narbonne, 31062 Toulouse, France
Serge.Cohen@math.ups-tlse.fr

The concept of self-similarity is often used to give a mathematical meaning
to the heuristic concept of roughness. In this domain the Fractional Brownian
Motion (in short FBM) BH(t) of fractional index 0 < H < 1, is certainly the
most celebrated model. The FBM has stationary increments, is self-similar of
index H, is, a.s., H-hölderian, the Hausdorff dimension of their graphs is, a.s.,
d+1−H. To sum up, H describes without ambiguity the roughness of the FBM.
Classical representations of the FBM are the harmonizable representations and
the moving-average representations. By replacing the random Brownian mea-
sure by random Lévy measure in such representations: one can obtain the Real
Harmonizable Fractional Lévy Motions or Moving Average Fractional Lévy Mo-
tions for which the roughness indexes might be different. In this talk a method
to simulate Fractional Lévy Motions is introduced. The simulation of these
fields is a consequence of the simulation of the driving random Lévy measure.
When the associated control Lévy measure is finite, one can use generalized shot
noises series. An estimation of the error is also given. Otherwise Fractional Lévy
Motions are split into two independent fields one with a finite Lévy measure,
the other one with the restriction of the Lévy measure around 0. This second
field is approximated by a FBM. Finally, examples of simulation are given.
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Stochastic state-dependent delay differential equations with
application in finance
Yuriy Kazmerchuk
Department of Mathematics and Statistics, York University, Canada
yorik@mathstat.yorku.ca
Coauthor: J. H. Wu

We extend the continuous-time GARCH(1,1) model derived in “A Continuous-
time GARCH model for stochastic volatility with delay” by the authors and A.
Swishchuk. Here we introduce delay parameter as a function of the volatility,
and thus we obtain a stochastic state-dependent delay differential equation. We
prove a result for the existence and uniqueness of a solution, and we show that
Euler discrete-time approximation scheme has 1/2 strong order of convergence.
We then use this convergence result to justify the convergence of simulated stock
price, and we use Monte-Carlo method to price call options written on the stock
and show effects of state-dependent delay on pricing.

On estimates of exit time from balls of symmetric stable-like processes
Toshihiro Uemura
Kobe University of Commerce, Kobe, Japan, 651-2197
uemura@kobeuc.ac.jp

We define so-called symmetric stable-like processes in terms of Dirichlet form
theory as variants of symmetric stable processes. Then we will show some global
path properties. Next we will indicate L2-generators of the processes and, using
this, show the estimates of exit time from balls.

Forest composition and Williams’ decomposition
Matthias Winkel
Department of Statistics, University of Oxford, 1 South Parks Road, Oxford
OX1 3TG, UK
winkel@stats.ox.ac.uk
Coauthors: Jim Pitman

We give new elementary proofs of the composition rule for binary Galton-
Watson forests with i.i.d. exponential branch lengths. This allows us to derive
the Williams path decomposition for Brownian motion with drift. Extensions
to more general branching mechanisms and applications are indicated.
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Time-Frequency Analysis, Wavelets
and Applications

Organizer:
James S. Walker (University of Wisconsin-Eau Claire, U.S.A.)

Non-translation-invariance in PSI spaces
Jeff Hogan
University of Arkansas, USA
jeffh@uark.edu
Coauthor: Joe Lakey

We investigate the non-translation-invariance of PSI spaces and the problems
this poses for sampling in these spaces. Solutions involving oversampling and
prefiltering procedures to determine translation parameters will be discussed as
will the aliasing performance of various sampling schemes.

Some comments on convergence of Walsh series
Joe Lakey
New Mexico State University, USA
jlakey@nmsu.edu
Coauthors: J. E. Gilbert and Z. Rzeszotnik

This talk will be mostly expository. Walsh series provide a model for harder
problems of convergence, boundedness etc. in the Fourier case. Thiele provided
an alternative proof of convergence of Walsh series in his thesis and some fur-
ther simplifications have been made by Thiele et. al. since. One can base an
alternative approach on uniform boundedness of partial Walsh expansions in
the finite dimensional case. We will not present a solution to this problem, but
rather a description of how it fits in with the infinite dimensional case.
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Differential and integral calculus on fractal sets
Tasuro Ogata
Department of Computer Sciences and Systems Analysis, College of Humani-
ties and Sciences, Nihon University, Setagaya-ku, Sakurajyousui, 3-25-40, 156,
Tokyo, Japan

Coauthor: Osamu Suzuki

In this talk we give a differential and integral calculus on fractal sets. We
can give the following results:
(1)We can give an orthonormal expansion theorem of Haar type (which we may
call a wavelet expansion) of the L2-space with respect to the Hausdorff measure
on a self similar fractal set (Theorem I).
(2)Introducing a product structure on the L2-space, we can introduce a deriva-
tion on a self similar fractal set (Theorem II).
(3)We can discuss differential equations on a fractal set with respect the deriva-
tion and give the Taylor expansion theorem (Theorem III).
(4)We can develop a theory of differential forms and exterior differentiations
and give the Stokes theorem on fractal sets (Theorem IV)

Frequency spectra of music
James S. Walker
University of Wisconsin-Eau Claire, USA
walkerjs@uwec.edu
Coauthor: Amanda J. Potts

It has been proposed that the instantaneous frequency spectra of musical
sounds corresponds to a 1/f power law. We present some data on instantaneous
spectra, obtained using Gabor spectrograms, which illustrate the wide range of
power curves, widely different from 1/f spectra. These data cast doubt on the
validity of any simple power law for classifying musical sounds.
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Toeplitz-Like Structures in Analysis and Applied
Sciences

Organizers:
Bernd Silbermann (Technical University of Chemnitz-Zwickau, Germany)
Nikolai Vasilevski (Cinvestav del I.P.N., Mexico)

New formulations of the Hankel matrix approximation problem
Suliman Al-Homidan
King Fahd University of Petroleum & Minerals, Saudi Arabia
homidan@kfupm.edu.sa
Coauthor: M. M. Alshahrani

Approximating the nearest positive semidefinite Hankel matrix in the Frobe-
nius norm to an arbitrary data covariance matrix is useful in many areas of
engineering, including signal processing and control theory. In this paper, the
powerful interior point primal-dual path-following method will be used to solve
our problem after reformulating it into different forms, first as a semidefinite
programming problem, then into the form of a mixed semidefinite and second-
order cone optimization problem. Numerical results, comparing the performance
of these methods against the modified alternating projection method, will be
reported.

Dynamics of properties of Toeplitz operators on the weighted Bergman
spaces
S. Grudsky
Departamento de Matematicas, CINVESTAV del I.P.N., Apartado Postal 14-
740, Mexico 07360, D.F., Mexico
grudsky@math.cinvestav.mx

This is a report on joint work with A. Karapetyants and N. Vasilevski.
It is well known that the Toeplitz operators on the unit disk with radial

symbols form a commutative C∗-algebra. As it was recently shown there is a
rich family of commutative C∗-algebras of Toeplitz operators, model cases of
which (besides the radial symbols) are generated by the Toeplitz operators on
the upper half-plane either with symbols depending only on y = =z, or symbols
depending only on θ = arg z.

We study the behaviour of various properties (boundedness, compactness,
spectral properties) of the Toeplitz operators for the above three model cases
of symbols in dependence on the weight parameter λ of the weighted Bergman
space, and compare their limit behaviour under λ → ∞ with the properties of
the initial symbols.
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On some boundary value problems with piecewise coefficients
Oleksandr Karelin
Universidad Autónoma del Estado de Hidalgo, Mexico
skarelin@uaeh.reduaeh.mx

It is convenient, in solving different problems, to reduce operators with shifts
to matrix characteristic singular integral operators without shifts. However,
when these transformations are realized, the input operators are mixed with
associated operators, or compact operators appear.

The simplicity of the shifts considered here allow us, under the study of
the operators, to do without additional operators and avoid the appearance of
compact operators which do not influence the construction of Fredholm theory,
but influence essentially the dimension, the structure and methods of finding
of the kernel. Acting by invertible operators from the right-hand and left-hand
side to input operators we may reduce them to matrix characteristic singular
operators on the weight space. The advantage of the proposed approach becomes
apparent in considering different applications.

We consider a problem of determining an analytic function F (z) in the strip
T = z : −i ≤ Imz ≤ +i according to the functional relation

a(x)F (x) + b(x)F+(x− i) + c(x)F+(x+ i) = h(x),

where the variable x belongs to real axis R, the coefficients a(x), b(x), c(x) are
bounded measurable functions, the absolute term h(x) is from L2(R); the prob-
lem will be investigated by assuming that the functions F+(x+ni), n = +1,−1
are from L2(R). Reduction of this Riemann value problem to a singular inte-
gral equation with linear-fractional involution allows us use known results of
solvability theory.

We study a special case when the coefficients are piecewise constant functions
with the point of discontinuity x = 0. In particular, a condition is obtained for
the existence and uniqueness of the solution of the boundary value problem.

Herz classes and Toeplitz operators in the disk
Maribel Loaiza
Instituto de Matematicas, UNAM, Mexico
mloaiza@matem.unam.mx
Coauthors: Marcos López-Garćıa and Salvador Pérez-Esteva

We decompose D into dyadic annuli {An : n ∈ N} and consider the class Sp,q
of Toeplitz operators Tϕ for which the sequence of Schatten norms (‖Tϕn‖p)n∈N
belongs to `q, where ϕn is the part of ϕ in An. We study the boundedness and
compactness of the operators in Sp,q and we describe the operators Tϕ, ϕ ≥ 0
in these spaces in terms of weighted Herz norms of the averaging operator of
the symbols ϕ.
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Commutative C*-algebras of Toeplitz operators and quantization on
the unit disk
Nikolai Vasilevski
CINVESTAV del I.P.N., Mexico
nvasilev@math.cinvestav.mx

We study Toeplitz operators on the Bergman space on the unit disk. It is
well known that Toeplitz operators with radial symbols commute and can be
diagonalized in the standard monomial basis. Surprisingly, besides the radial
symbols there exists a rich family of symbols with generate commutative C*-
algebras of Toeplitz operators. Moreover, it turns out that these commutative
properties do not depend at all on smoothness properties of symbols, the cor-
responding symbols can be merely measurable. The prime cause here appears
to be the geometric configuration of level lines of symbols, and all discovered
commutative C*-algebras of Toeplitz operators can be perfectly classified by
pencils of geodesics on the unit disk, considered as the hyperbolic plane.

At the same time the principal question, whether the above cases are the
only possible (infinite dimensional) sets of symbols which might generate the
commutative C*-algebras of Toeplitz operators, has remained open.

In the talk we give the affirmative answer to this question.

Toeplitz operators on the Bloch spaces
Nina Zorboska
University of Manitoba, Canada
zorbosk@cc.umanitoba.ca

We will talk about some necessary and sufficient conditions for the bound-
edness of Toeplitz operators on the Bloch-type spaces.
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Value Distributions of Complex Functions,
Generalizations
and Related Topics

Organizers:
Grigor Barsegian (Armenian Academy of Sciences, Armenia)
Alain Escassut (Université Blaise Pascal, Clermont-Ferrand, France)

Sets of range uniqueness for entire functions
Maria Teresa Alzugaray
A.D. de Matemática, FCT, Universidade do Algarve, Gambelas, 8000-117 Faro,
Portugal
mtrodrig@ualg.pt

The set E on the complex plane is called a set of range uniqueness (SRU) if
for any entire functions f and g, the condition f(E) = g(E) yields f = g. We
will discuss SRU-related results and will give examples of analytic SRUs. The
latter were constructed jointly with A.E. Eremenko.

A method for studying oscillations and Nevanlinna type regularities in
real ordinary differential equations with an application to population
dynamics
Grigor Barsegian
Institute of Mathematics, Academy of Sciences, Armenia
bars@netsys.am
Coauthor: Karen Barseghyan

In this paper we give a method for studying oscillations of large classes of real
ordinary differential equations (RODE) involving Riccati, Schrödinger, Emden-
Fowler equations and some Painlevé type equations. Our approach is based on
an evaluation method for the number of zeros of functions [1].

For different types of equations F (t, y, y′, y′′) = 0, we study upper bounds
for the number N(y = h, t1, t2, ) of zeros of y(t) − h = 0 in a given interval
t1 < t < t2. When h = 0 we deal with zeros of the solutions y. (We are not
experts in ODE and naturally tried to get information in the Internet which
shows thousands papers in the case when h = 0 but we were not able to find any
reference related to the case of non zero h).
Case 1: h = 0. A typical result in this case is as follows. Let y(t) be a
solution in (t1, t2) of the equation y′(t) = P1(t, y)/P2(t, y), where P1(t, y) and
P2(t, y) are polynomials with respect to y (when P2(t, y) ≡ 1 and the higher
degree of y in P1(t, y) is equal to 2 we deal with Riccati equation). Then
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N(y = 0, t1, t2, ) ≤ K |t2 − t1| , where K depends only on the behavior of the
coefficients in (t1, t2) and K is bounded for some general type of coefficients.

Case 2: h = hn, n = 1, 2, ...q. In this case for different types of equation we give
upper bounds for the sum N(y = hn, t1, t2) in terms of the coefficients. Thus
we consider a problem in RODE which is typical for Nevanlinna theory, where
the second fundamental theorem studies sums N(an, w) (averaged number of
an-points) for meromorphic functions w(z).

Some particular cases of the equations considered deal with population dy-
namics. We apply the results obtained to study the dynamics depending on
our policy in emigration and immigration of the population (that in turn is
described by the coefficients of the related equations).

References
[1] Barsegian G.A., Gamma-lines: on the geometry of real and complex func-

tions, Taylor and Frances, London, New York, 2002.

A new program of investigations in analysis: Gamma-lines approaches
Grigor Barsegian
Institute of Mathematics, Academy of Sciences, Armenia
bars@netsys.am

A new program of mathematical studies based primarily on the theory of
Gamma-lines and ideas of the Nevanlinna value distribution theory is presented.
This program establishes new connections between a variety of mathematical
fields: real and complex analysis, ordinary, partial and complex differential equa-
tions, differential geometry, real and complex algebraic geometry, and Hilbert’s
topological problem 16. Preliminary results, related to some novel problems
posed, are given. In addition, the usefulness of this program in applications is
discussed.

Leading idea of the program. Many core concepts in pure mathematics
deal with zeros of real functions (level sets) or zeros of complex functions or
mappings which are widely studied, mainly quantitatively, in analysis, geometry
and topology. Several of Hilbert’s problems deal with or are related to the
investigations of zeros. It is well known that in applied areas, level sets play
a pivotal role. For example, in physics, special cases of level sets are, among
others, the isotherms, isobars, equipotential lines, stream lines etc.

Recently, some new tools, the so-called Gamma-lines [1] and catastrophe
lines [2], have been developed in complex analysis. These tools enable us to study
the zeros of larger classes of functions than those considered in classical fields
and they provide the machinery for describing not only the number but also the
geometry of these zeros or a-points. The following program of investigations
in analysis (and other fields of mathematics) arise now naturally. By utilizing
the aforementioned new tools, we attempt to present here some preliminary
approaches, results and open problems that relate to novel type investigations
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of zeros in some old and new fields or pass to study geometry of zeros (instead
of numbers) in the classical fields.

References.
1. Barsegian G., Gamma-lines: on the geometry of real and complex func-

tions, Taylor and Francis, London, New York, 2002.
2. Barsegian G., Begehr H., Lines of catastrophe: problems, examples of

solutions, connections with Nevanlinna theory and Gamma-lines, Proceeding of
the Third ISAAC Congress, Kluwer, in publication.

Linear operators and the distribution of zeros of entire functions
George Csordas
Department of Mathematics, University of Hawaii, Honolulu, HI 96822, USA
george@math.hawaii.edu

Let πn denote the vector space (over R or C) of all polynomials of degree
≤ n. For S ⊆ C (where S is an appropriate set of interest), let πn(S) denote
the class of all polynomials of degree ≤ n, all of whose zeros lie in S. Old and
new problems related to the following open problem will be presented.
Open problem Characterize all linear transformations (operators)

T : πn(S)→ πn(S),

where deg T [p] ≤ deg p for p ∈ πn(S).

Use level curves to count non-real zeros of f ′′

Stephanie Edwards
University of Dayton, Dayton, OH 45469-2316, USA
sedwards@udayton.edu
Coauthor: Enid Steinbart

In the late 1980’s T. Sheil-Small verified A. Wiman’s 1915 conjecture, “If
f ∈ U2p then f ′′ has at least 2p non-real zeros”, by using a level curve argument.
He looked at the geometry of the components of Im[f ′(z)/f(z)] > 0 and Im(z−
f(z)/f ′(z)) > 0. Since then, A. Eremenko, S. Hellerstein, A. Hinkkanen, and
the author have used extensions of the level curves technique to prove various
theorems. We discuss the level curves technique, including how the geometry of
the components changes as we look at functions, f , in various classes. We will
also look at various applications of the technique.
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Analytic mappings in the tree Mult(K[x])
Alain Escassut
Université Blaise Pascal, Clermont-Ferrand, France
Alain.Escassut@math.univ-bpclermont.fr
Coauthors: Kamal Boussaf and Nicolas Mäınetti

Let K be an algebraically closed complete ultrametric field, let D ⊂ K be
closed and bounded, and let H(D) be the Banach K-algebra of analytic elements
on D. Let Mult(K[x]) (resp. Mult(H(D), ‖ . ‖D)) be the set of multiplicative
semi-norms on K[x]) (resp. of continuous multiplicative semi-norms on H(D))
which are known to be characterized by circular filters. (Circular filters were
also considered by B. Dwork as generic disks and by J.C. Yoccoz and J. Rivera-
Letellier, as points of a hyperbolic space). Mult(K[x]) is provided with the
topology of simple convergence, and with a metric topology based upon a tree
structure for which it is complete. Given a bounded closed infraconnected set
D ⊂ K, the boundary of Mult(H(D), ‖ . ‖) inside Mult(K[x]) with respect to the
topology of simple convergence, is equal to the Shilov boundary for (H(D), ‖ . ‖).
If D is affinoid (particularly), this is also the boundary of Mult(H(D), ‖ . ‖)
inside Mult(K[x]) with respect to the topology of simple convergence, is equal
to the Shilov boundary for (H(D), ‖ . ‖). If D is affinoid (particularly), this is
also the boundary of Mult(H(D), ‖ . ‖) inside Mult(K[x]) with respect to the
metric topology. We show that every element f ∈ H(D) has continuation to
a mapping f∗ from Mult(H(D), ‖ . ‖D) to Mult(K[x]) which is continuous for
both topologies and uniformly continuous for the metric topology. The family
of functions ZF from H(D) to Mult(K[x]) defined as ZF (f) = f∗(F) (where F
is a circular filter secant with D) is uniformly equicontinuous with respect to the
metric topology. If the field K is separable, f∗ is uniformly continuous for both
topologies. Results also apply to meromorphic functions in K. A meromorphic
function in K defines an increasing function f∗ (with respect to the order of
Mult(K[x])) if and only if it is an entire function.

In a Krasner-Tate algebra H(D) = K{t}[x], where K{t} is a topologically
pure extension of dimension 1 and x is the identical function on D integral over
K{t}, we can precisely show that the Gauss norm on K{t} admits a number of
extensions to K{t}[x] which is equal to the cardinal of the Shilov boundary of
Mult(H(D), ‖ . ‖D).

The functional equation P (f) = Q(g) in a p-adic field
Alain Escassut
Université Blaise Pascal, Clermont-Ferrand, France
Alain.Escassut@math.univ-bpclermont.fr
Coauthor: C. C. Yang

Let K be a complete ultrametric algebraically closed field of characteristic
π. Let P, Q be in K[x] with P ′Q′ not identically 0. Consider two different
functions f, g analytic or meromorphic inside a disk |x−a| < r (resp. in all K),
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satisfying P (f) = Q(g). By applying the Nevanlinna value distribution theory
in characteristic π, we give sufficient conditions on the zeros of P ′, Q′ that
assures both f, g are “bounded” in the disk (resp. are constant). If π 6= 2, 3
and deg(P ) = 4, we examine the particular case when Q = λP (λ ∈ K) and
we derive several sets of conditions characterizing the existence of two distinct
functions f, g meromorphic in K such that P (f) = λP (g).

On the unintegrated fundamental inequality of Nevanlinna
Arturo Fernandez
Departamento de Matemáticas Fundamentales, Facultad de Ciencias, C/Senda
del Rey n◦9, Ciudad Universitaria, Madrid 28040, Spain
afernan@mat.uned.es

We consider an inequality due to J. Miles related to the unintegrated form
of the Nevanlinna fundamental inequality. Where the constant 2 occurs in
the Nevanlinna inequality, we have an undetermined constant K in the Miles
inequality. In this work we consider the question of obtaining estimates for this
constant for functions of slow and regular growth which extends the case of
rational functions. We make use of a beautiful result of Barsegian related to
the Ahlfors theory of covering surfaces.

Construction de la solution du second problème de Cousin dans le
polydisque et généralisation du Théorème de K. Oka
Kazuko Kato
Ryukoku University, Seta, Otsu, Japan
kato@rins.ryukoku.ac

On construit la solution du second problème de Cousin dans le polydisque
de l’espace de n variables et on généralise le théorème de K. Oka dans l’espace
de n variables.
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Dynamics of rational semigroups: counterexamples and conjectures
Rich Stankewitz
Ball State University, Muncie, Indiana 47306, USA
rstankewitz@bsu.edu
Coauthors: Toshiyuki Sugawa and Hiroki Sumi

We will discuss the dynamics of rational semigroups, an extension of the
Fatou-Julia theory of iteration of a rational map defined on the Riemann sphere.
Specifically, we will give some counterexamples to some conjectures relating to
completely invariant Julia sets and nearly Abelian polynomial semigroups. We
then state the modified conjectures as open problems.

A new invariant for domains with fractal boundaries on the Riemann
sphere
Osamu Suzuki
Department of Computer Sciences and Systems Analysis, College of Humani-
ties and Sciences, Nihon University, Setagaya-ku, Sakurajyousui, 3-25-40, 156,
Tokyo, Japan
osuzuki@cssa.chs.nihon-u.ac.jp
Coauthor: Julian Lawrynowicz and Kiyoharu Nono

In this talk we realize domains with fractal boundaries on the projective
space as the boundaries of images of holomorphic mappings of certain standard
domains and discuss the new invariants which are called Kakutani invariants.
We can give the following results:
(1) The universal covering surface of the complement of the Cantor set is given
by use of the fractal method and the Kakutani invariant is preserved under the
construction of the universal covering surface (Theorem I).
(2) The Koch curve can be obtained as an image of a biholomorphic mapping
of the slit domain which preserves the Kakutani invariants (Theorem II).
(3) The Julia set which is obtained from the quadratic polynomial can be ob-
tained as an image of the standard fractal set and the Kakutani invariant is
preserved when we endow the so-called Lyubich measure on it (Theorem III).
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Some applications of value distribution theory to functional or differ-
ential equations
C.C. Yang
Department of Mathematics, Hong Kong University of Science and Technology,
Kowloon, Hong Kong, China
mayang@ust.hk

In the talk, value distribution theory will be used to provide criteria for the
existence or solvability of certain forms of differential or functional equations of
meromorphic functions.

86



General

Continuation of solution for differential equation with fractional
order
Cheng Yu
Applied Mathematics Department, Donghua University, Shanghai, 200051, P.R.China
yucheng@mail.dhu.edu.cn
Coauthor: Gao Guozhu

In this paper, we are concerned with differential equations of fractional or-
der. The paper extends our previous results of the existence, uniqueness, and
dependence of the solution of a kind of fractional differential equations. The
paper will further consider the continuation for the initial value problems, and
an important theorem is obtained which is very similar to that in the classi-
cal theory for ordinary differential equations. Other attracting results are also
illustrated in the full text.
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