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Abstracts

Durrmeyer Type Operators with respect to Arbitrary Measure

Elena Berdysheva, German University of Technology, Oman

We define Bernstein-Durrmeyer, Szasz-Mirakjan-Durrmeyer, and Baskakov-
Durrmeyer operators with respect to arbitrary measure. A motivation for this gen-
eralization comes from applications in learning theory.
The central question discussed in the talk is about convergence of the operators. We
show convergence at each point of the support of the measure where the function
to be approximated is continuous. Moreover, the convergence is uniform in every
compact set in the interior of the support of the measure where the function is con-
tinuous. Finally, we discuss convergence in the corresponding weighted Lp-spaces.
Parts of the talk are based on joint work with Kurt Jetter, Bing-Zheng Li, and Eman
Al Aidarous.

On the Strong Divergence of Hilbert Transform Approximations

and a Problem of Ul’yanov

Holger Boche, Technische Universität München

This paper studies the calculation of the Hilbert transform of continuous functions
f with continuous conjugate f̃ from a finite number of sampling points. It is known
that every sequence of linear operators which approximates f̃ from finite samples
of f diverges (weakly) with respect to the uniform norm. This paper conjectures
that all of these approximation sequences even contain no convergent subsequence.
A property which is termed strong divergence.
The conjecture is supported by two results. First it is shown that the sequence
of the sampled conjugate Fejér means diverge strongly. Secondly, it is shown that
all approximation methods which are based on samples become arbitrarily large
for arbitrarily long sequences of consecutive approximation degrees. As an appli-
cation, the later result is used to investigate a problem associated with a question
of Ul’yanov on Fourier series, and which is related to possibility to construct adap-
tive approximation methods to determine the Hilbert transform from sampled data.
This paper shows that no such approximation method with a finite search horizon
exist.
This is joint work with Volker Pohl.
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Identification of MIMO-ARX Hammerstein Models

using Matrix Kernels

Wolfgang zu Castell, Helmholtz Zentrum München

Goethals et al. proposed using least squares support vector machines to determine
the parameters of a MIMO Hammerstein model. Being based on one-dimensional
kernels, the approach is limited to cases where the interaction among the components
of the system are independent. Using matrix-valued kernels one can extend the
approach to allow models with coupled components.
The idea behind this approach is to approximate vector-valued functions with
matrix-valued kernels. The setting leads to a new perspective on model parameters,
which also gives interesing insights for scalar-valued support vector approximation.
The talk is based on joint work with Martina Gallenberger and Michael Hagen.

Tight Wavelet Frames: Transfer Functions

of Bounded Analytic Polynomials

Maria Charina, Universität Wien

About half a century ago, electrical engineers have discovered that certain bounded
analytic functions can be interpreted as transfer functions of multivariate, linear
systems appearing in control theory. Such analytic functions from the polydisk
Dd = {z = (z1, . . . , zd) : |zj | < 1, j = 1, . . . , d} to the unit ball in Cm were
also intensively studied by mathematicians for more than a century. The classical
works of Schur, Carathéodory, Fejér and Nevanlinna have revealed completely the
intricate structure of such function spaces. In this talk we illustrate the benefits of
these theories for the constructions of multivariate tight wavelet frames.
This is a joint work with Mihai Putinar, Claus Scheiderer, and Joachim Stöckler.
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Numerical Differentiation and rbf-fd Methods

Oleg Davydov, Universität Gießen

Computing with Kernels

Greg Fasshauer, Illinois Institute of Technology, Chicago

In this talk I will discuss recent joint work with Mike McCourt (UC–Denver) that
has led to progress on the (stable) computation of certain quantities of interest
when working with kernels to solve interpolation problems. In particular, I will
show how the power function and the native space norm of the interpolant can be
safely computed, and then be combined to yield a practical criterion that can be
used to estimate “optimal” kernel parameters.
Numerical examples will illustrate the effectiveness of this strategy.

Optimal Representation of Functions on Quasi-metric Measure Spaces

Frank Filbir, Helmholtz Zentrum München

We develop constructive algorithms to represent functions on data defined manifolds
and quasi-metric measure spaces using a finite number of bits so as to be able to
reconstruct the target function within a prescribed accuracy. The constructions can
be based on either spectral information or scattered samples of the target function,
and the number of bits is asymptotically optimal up to a logarithmic factor in the
sense of the Kolmogorov metric entropy. Only local data are required for local
reconstruction of the target function. If global information such as spectral data are
available, then bits can be partitioned corresponding to local patches of the space,
and the number of bits is near optimal in each patch.
The presentation is based on joined work with Martin Ehler (University of Vienna,
Austria) and Hrushikesh N. Mhaskar (California Institute of Technology, U.S.A.)
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Approximation of Polynomials using Shifts of a Kernel,

and Applications to Analysis of Sparse Grid Algorithms

Jeremy Levesley, University of Leicester

In this talk I will discuss sparse grid approximation using smooth kernels, including a
new interpolation result. I will show that the coefficients in the discrete convolution
interpolant to polynomials on the infinite integer grid can be specified exactly, and
that, in particular, they are polynomial in the grid point. A close cousin to the
Hermite polynomials will be introduced as these polynomials.

Cornerstones of Sampling of Operator Theory

Götz Pfander, Jacobs University, Bremen

We review results on the identifiability of classes of operators whose Kohn-Nirenberg
symbols are band-limited (called band-limited operators) by means of so-called sam-
pling of operators. We trace the motivation and history of the subject back to the
original work of Thomas Kailath in the late 1950s and early 1960s, and to the
innovations in spread-spectrum communications that preceded that work. Recent
advances in sampling of operators that we address include the use of periodically-
weighted delta-trains as identifiers for stochastic and deterministic operator classes.

Interpolation via Weighted l1-Minimization

Holger Rauhut, RWTH Aachen

Compressive sensing predicts that sparse vectors can be recovered from incomplete
linear (randomized) measurements via efficient algorithms such as l1-minimization.
This principle can be easily adapted to interpolation problems where the functions
of interest are known to be well-approximated by a sparse expansion in terms of an
orthogonal function system such as the trigonometric system. In certain situations
of interest, however, functions are not only sparse but also smooth. It turns out that
a good model of smooth approximately sparse functions is provided by a norm ball
in a weighted lp-space on the expansion coefficients with p ¡ 1. In this context, one
passes to weighted l1-minimization as recovery method. We will present theoretical
estimates on the achievable approximation rates. Numerical experiments show the
effectiveness of the new approach. We also present an application to the numerical
solution of parametric partial differential equations.
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Kernels of Convolutions and Subdivision Operators

Tomas Sauer, Universität Passau

A simple and natural question to be asked in the context of digital filters is what
types of spaces can be annihilated by filters. This can be rephrased as finding the
kernels of convolution operators or the homogeneous solutions of a difference equa-
tion. In one variable it is well–known that these are exactly exponential polynomial
spaces, cf. [3], though the “origin” of this result must be much older and hard to
localize. In several variables things get more interesting and connect nicely the the
theory of multiple zeros of polynomials which has been introduced by Gröbner to
study kernels of partial differential operators with constant coefficients in [1,2].
Finally, these results can also be applied to study the kernels of subdivision operators
and cyclical zeros of its symbol.

1. W. Gröbner, Über das Macaulaysche inverse System und dessen Bedeutung für

die Theorie der linearen Differentialgleichungen mit konstanten Koeffizienten,
Abh. Math. Sem. Hamburg 12 (1937), 127–132.

2. , Über die algebraischen Eigenschaften der Integrale von linearen Dif-

ferentialgleichungen mit konstanten Koeffizienten, Monatsh. Math. 47 (1939),
247–284.

3. Ch. Jordan, Calculus of finite differences, 3rd ed., Chelsea, 1965.

A Posteriori Error Analysis of Nodal Meshless Methods

Robert Schaback, Universität Göttingen

There are many application papers that solve elliptic boundary value problems
by meshless methods, and they use various forms of generalized stiffness ma-
trices that approximate derivatives of functions from values at scattered nodes
x1, . . . , xM ∈ Ω ⊂ Rd. If u∗ is the true solution in some Sobolev space S allowing
enough smoothness for the problem in question, and if the calculated approximate
values at the nodes are denoted by ũ1, . . . , ũM , the canonical form of error bounds
is

max
1≤j≤M

|u∗(xj)− ũj| ≤ ǫ‖u∗‖S

where ǫ depends crucially on the problem and the discretization, but not on the solu-
tion. This contribution shows how to calculate such ǫ numerically and explicitly, for
any sort of discretization of strong problems via nodal values, may the discretization
use Moving Least Squares, unsymmetric or symmetric RBF collocation, or localized
RBF or polynomial stencils. This allows users to compare different discretizations
with respect to error bounds of the above form, without knowing exact solutions, and
admitting all possible ways to set up generalized stiffness matrices. If time permits,
the talk will also address finding discretizations with minimal ǫ, and calculating
stable nodal approximations to derivatives.
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Sampling Inequalities for Sparse Grids

Holger Wendland, Universität Bayreuth

Sampling inequalities play an important role in deriving error estimates for various
reconstruction processes. They provide quantitative estimates on a Sobolev norm
of a function, defined on a bounded domain, in terms of a discrete norm of the func-
tion’s sampled values and a smoothness term which vanishes if the sampling points
become dense. The density measure, which is typically used to express these esti-
mates, is the mesh norm or Hausdorff distance of the discrete points to the bounded
domain. Such a density measure intrinsically suffers from the curse of dimension.
The curse of dimension can be circumvented, at least to a certain extend, by con-
sidering additional structures. Here, we will focus on bounded mixed regularity. In
this situation sparse grid constructions have been proven to overcome the curse of
dimension to a certain extend
In this talk, I will concentrate on a special construction for such sparse grids, namely
Smolyak’s method and provide sampling inequalities for mixed regularity functions
on such sparse grids in terms of the number of points in the sparse grid. Finally, I
will give some applications of these sampling inequalities.
This talk is based upon joined work with Christian Rieger, University of Bonn,
Germany.
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Regular versus Irregular Sampling on Points

with Independent Identically Distributed Deviations

Georg Zimmermann, Universität Hohenheim

Regular sampling of continuous functions is the operator

S : C(R) → C
Z, f 7→ (f (n))n∈Z .

In order to sample functions that are defined only almost everywhere, they need to
be smoothened first. A generalized sampling operator, i.e., a continuous linear
operator from a translation invariant space X(R) of functions or distributions on
the real line to a shift invariant space Y (Z) of sequences on the integers, commuting
with integer shifts, has to be of the form

Sϕ : X(R) → Y (Z), f 7→ (f∗ϕ̃(n))n∈Z ,

for an appropriate ϕ , where ϕ̃(x) = ϕ(−x) . A number of cases for the pair (X,Y )
have been discussed in [?].

For irregular sampling processes, it seems natural to consider sampling points that
are determined by a sequence (Xn) of independent identically distributed random
variables. Then we ask for conditions on ϕ to ensure that for f ∈ X(R), we have
that

Sϕ(f) =
(
f∗ϕ̃(n+Xn)

)
n∈Z

is almost surely in Y (Z) . We consider a number of cases and compare with the
results from [1].

1. G. Zimmermann, Semidiscrete multipliers. In: C. Heil (ed.), Harmonic Anal-

ysis and Applications. In honor of John J. Benedetto, Appl. Numer. Harmon.
Anal., Birkhäuser, Boston, 2006, pp. 25–48.
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