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Tuesday, June 28
Tue 16:00–17:00, HS 11

Viscoelasticity with fractional derivatives of real and complex order
Teodor Atanacković (University of Novi Sad)

We present constitutive equations of linear viscoelasticity in which fractional derivatives of real and complex order of stress and strain are used. The restrictions on the
coefficients in the equations that follow from the Second law of thermodynamics are
analyzed in detail. Creep, stress relaxation and wave propagation in such generalized
viscoelastic materials materials are studied for different values of real and complex
parts of derivatives. Some open problems of viscoleasticiy described by fractional
derivatives of complex order will be discussed.
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Thursday, June 30
Thu 09:30–10:10, HSB 8

On Cauchy’s integral formula.
Norbert Ortner (University of Innsbruck)

In all textbooks on the theory of complex functions, a chapter is dedicated to the
calculation of definite integrals by means of the residue theorem. The occurring
integrals over semicircles are shown to vanish by means of Jordan’s lemma. A distributional interpretation of Cauchy’s integral formula allows for an evaluation of
such integrals without the use of “integrals on semicircles or rectangles extending to
infinity”.

Thu 10:40–11:20, HSB 8

Reliability assessment of railway bridges for high-speed trains considering the
effects of seasonal temperature changes
P. Salcher (University of Innsbruck, Unit of Applied Mechanics)
H. Pradlwarter (University of Innsbruck, Unit of Applied Mechanics)
C. Adam ? (University of Innsbruck, Unit of Applied Mechanics)

This presentation addresses the reliability analysis of high-speed railway bridges
with emphasis on ballasted steel bridges. The acceleration response of the bridge
deck is assumed to be the governing response quantity for bridge serviceability, and
thus, defines in the reliability assessment the limit state of the bridge. The uncertainties for this specific interaction problem are identified and modeled as random
variables with appropriate distributions. The effect of uncertain track quality is considered via random rail profiles. A stochastic model is proposed to account for the
environmental impact of seasonal temperature changes on the bridge structure. In
a parametric study, the contribution of the random variables on the uncertain bridge
response of a case study problem is quantified. The probability of exceeding the
serviceability limit state is predicted using crude Monte Carlo simulations and Latin
Hypercube samples. These predictions are set in contrast to outcomes of a traditional
code-based deterministic design procedure.
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Thu 11:20–12:00, HSB 8

Non-locality and viscoelasticity of fractional order in the stability analysis of
rods
Dušan Zorica (Serbian Academy of Arts and Sciences)

Lateral vibrations of a simple rod loaded by an axial force of constant intensity
and positioned on a foundation are the subject of analysis. The main goal in dynamic stability analysis is to determine the conditions that guarantee stability, i.e.,
conditions under which the rod will vibrate with constant or decreasing amplitude.
First, Bernoulli-Euler moment-curvature constitutive equation, describing elastic
material the rod is made of, is assumed. The rod-foundation interaction is modeled
by the complex-order fractional Kelvin-Voigt model of the viscoelastic body, with
the restrictions on model parameters following from the Second law of thermodynamics.
Second, Eringen’s type moment-curvature constitutive equation, describing the
material of the rod that shows non-local effects, is assumed. This type of non-locality
is usually associated with nano-rods. The foundation shows Pasternak and viscoelastic type properties. Thus, rod-foundation interaction is modeled through rotational
elastic springs, describing the foundation ability to influence the curvature of the rod
and through general rheological model of the viscoelastic body corresponding to the
distributed-order constitutive equation.
The solutions to problems are obtained by the separation of variables method. The
critical value of axial force, guaranteeing stability, is determined. The influence of
various model parameters on the value of critical axial load is examined.
This talk aims to review and summarize the dynamic stability problems analyzed in the cooperation with T. Atanacković, M. Janev, S. Konjik, B. Novaković,
S. Pilipović and Z. Vrcelj.
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Thu 14:00–14:40, HSB 7

Full and special Colombeau algebras
Michael Grosser (University of Vienna)

We present an approach to full diffeomorphism invariant Colombeau algebras with
added ε-dependence in the basic space uniting the full and special settings of the
theory into one single framework. Introducing a suitable collection of locality conditions serves—among other things—to accomplish a two-fold task: pinpointing the
subclass of algebras possessing the the sheaf property, and finding the appropriate
definition of point values in full Colombeau algebras (such that even special generalized points suffice to characterize elements of full Colombeau algebras). Finally, a
definition of the sharp topology in the new framework is given.

Thu 14:40–15:20, HSB 7

New Types of Wave-Front Sets
Nenad Teofanov (University of Novi Sad)

We plan to give a gentle introduction to the notion of the wave front set of a
distribution, motivated by some theoretical and applied considerations. Different
types of wave front sets are adapted to the need of particular investigations. As an
illustration we will show how wave front sets can be used to detect if certain spaces of
functions are locally the same. We proceed with the definition of an extended version
of Gevrey classes, motivated by their use in PDEs. To perform microlocal analysis
in such spaces, we study convenient localization procedure which leads to the new
concept of wave-front set. By using the procedure which we call “enumeration” we
compare different types of wave front sets and discuss the corresponding regularity.
On a more advanced level we prove that
WF0,∞ (P(D)u) ⊆ WF0,∞ (u) ⊆ WF0,∞ (P(D)u) ∪ Char(P),
where u is a Schwartz distribution, P(D) is a partial differential operator with “regular” coefficients and WF0,∞ is appropriate wave front set.
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Thu 15:20–16:00, HSB 7

The Hermite function expansion of Brownian motion
Dora Seleši

Considering Brownian motion Bt as a generalized stochastic process in S0 (R) ⊗
(S)−1 we explicitly calculate the coefficients of its chaos expansion and use them to
obtain a new generalized stochastic process whose generalized Malliavin derivative
will provide Brownian motion. The results also provide an insight into constructing
a stochastic integral of Brownian motion over an infinite time domain.

Thu 16:00–16:40, HSB 7

Abstract moment problems and their applications
Andreas Debrouwere

In its basic form, the (unrestricted) Stieltjes moment problem consists of finding
solutions ϕ to
Z
∞

an =

ϕ(x)xn dx,

0

n ∈ N,

where (an )n∈N is a given sequence of complex numbers. In this talk we shall discuss
an abstract approach to moment problems via functional analysis techniques. Let
E and F be topological vector spaces and let { fn }n∈N ⊂ L(E, F) be a sequence of
continuous linear functions from E into F. We seek conditions over { fn }n∈N such
that for each sequence {yn }n∈N ⊂ F the system of equations
fn (x) = yn ,

n ∈ N,

admits a solution x ∈ E. We will illustrate our ideas with several examples and applications to classical moment problems, e.g. the Borel problem, the Stieltjes moment
problem, entire functions with prescribed values. The vector-valued analogues of
these problems will be also be discussed.
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Thu 17:15–18:15, HSB 2

Wave-front sets below analyticity
Stevan Pilipović (University of Novi Sad)

In the introductory first part of the talk we will repeat some of our results related
the wave front sets of non-quasi-analytic class of ultradistiributions. The second part
of the talk is related to new (unpublished) results. Quasi-analytic
sets of
 wave-front

distributions which correspond to the Gevrey sequence p!s , s ∈ 12 , 1 are defined and
described. The propagation of singularities is deduced by considering sequences of
Gaussian windowed short-time Fourier transforms of distributions which are modifications of the original distributions by suitable restriction-extension techniques.
Basic micro-local properties of the new wave-fronts are thereafter established.
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Friday, July 1
Fri 09:00–09:40, HSB 8

Extremal curves for low-regularity metrics
Michael Kunzinger (University of Vienna)

It follows from work of Calabi/Hartman [1] and Lytchak/Yaman [2] that if M is a
manifold with a Riemannian metric of Hölder regularity C0,α , then any shortest Lipα
schitz curve is of class C1,β , with β = 2−α
. It seems reasonable to expect that similar
regularity properties ought to hold also in the Lorentzian setting, where the rôle of
extremals would be played by maximizing causal curves. It turns out, however, that
there exist Hölder continuous Lorentzian metrics with maximizing curves that are
not even C1 . In addition, there exist continuous Lorentzian geometries containing
maximizing causal curves that are not even piecewise C1 . In this talk I will sketch
the construction of these counterexamples and give some context on applications in
low regularity General Relativity. This is joint work with Clemens Sämann.
[1] Calabi, E., Hartmann, P., On the smoothness of isometries. Duke Math. J., 37:741–750,
1970.
[2] Lytchak, A., Yaman, A., On Hölder continuous Riemannian and Finsler metrics. Trans.
AMS, 358 (7), 2917–2926, 2006.

Fri 09:40–10:20, HSB 8

Restriction to submanifolds in full diffeomorphism invariant
Colombeau algebras
Eduard Nigsch (University of Vienna)

While for Schwartz distributions the restriction to submanifolds or, more generally, the pullback along arbitrary smooth mappings cannot be defined in general, this
is in principle possible in Colombeau algebras. In special algebras this is straightforward, and in the elementary full Colombeau algebra, replacing the usual mollifiers
by tensor products of one-dimensional ones, or by rotationally symmetric mollifiers,
allows one to restrict to hyperplanes. We discuss possible approaches to defining
the pullback of nonlinear generalized functions along arbitrary smooth mappings
between manifolds in the context of the full diffeomorphism invariant Colombeau
algebra, which can be seen as a generalization of these previous approaches.
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Fri 10:50–11:30, HSB 8

Splitting methods in time integration
Alexander Ostermann (University of Innsbruck)

Fri 11:30–12:10, HSB 8

Inexact Restoration approach for minimization with inexact evaluation of the
objective function
Nataša Krejić (University of Novi Sad)

A new method is introduced for minimizing a function that can be computed only
inexactly, with different levels of accuracy. The challenge is to evaluate the (potentially very expensive) objective function with low accuracy as far as this does not
interfere with the goal of getting high accuracy minimization at the end. For achieving this goal the problem is reformulated in terms of constrained optimization and
handled with an Inexact Restoration technique. Convergence is proved and numerical experiments motivated by Electronic Structure Calculations are presented, which
indicate that the new method overcomes current approaches for solving large-scale
problems.

Fri 14:00–14:40, HSB 8

Radially symmetric shadow wave solutions to the system of
pressureless gas dynamics
Lukas Neumann (University of Innsbruck)

In this talk we discuss radially symmetric shadow wave solutions to the system
of multidimensional pressureless gas dynamics. Shadow waves allow one to capture
concentration of mass. We obtain a one-dimensional system with source terms for
the solutions depending on the radial coordinate. Physically meaningful boundary
conditions at the origin are determined. Entropy conditions are derived and applied
to single out physical (non-negative mass) and dissipative (entropic) solutions. A
complete solution to the pseudo-Riemann problem with initial data exhibiting a single shock on a sphere and a possibly shock at the origin is obtained.
This talk is based on joint work with M. Nedeljkov (Novi Sad), M. Oberguggenberger (Innsbruck) and M. R. Sahoo (Bhubaneswar).
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Fri 14:40–15:20, HSB 8

Fractional derivatives: From generalization to approximation and vice versa
Sanja Konjik (University of Novi Sad)

Fractional derivatives were introduced to generalize integer order differential operators and extend the capabilities of the “classical” calculus. Over the time they have
turned out to be very useful as a modelling tool in diverse fields such as physics,
mechanics, engineering, signal and image processing, control theory, economics, biology, medicine, etc. However, the resulting fractional differential equations can be
quite difficult for solving. Since explicit solutions are of particular interest for further
applications and implementations, numerical calculations, computer simulations and
approximations are often indispensable tools that lead to a solution of the problem.
We discuss various possibilities for approximations of fractional derivatives, such as
series expansions via integer order derivatives or expansion formula via the moments
of a function.

Fri 15:20–16:00, HSB 8

Generalized solution operators and inhomogeneous fractional evolution equations
Danijela Rajter-Ćirić (University of Novi Sad)

We consider inhomogeneous fractional evolution equations with Caputo fractional
derivatives and generalized Colombeau operators. In order to investigate those equations, we introduce Colombeau solution operators. By using the corresponding Colombeau theory we prove the existence and uniqueness result for the problem under
consideration.
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Fri 16:30–17:10, HSB 8

Space-time fractional Zener wave equation: existence and uniqueness of the
solution, and microlocal analysis
Ljubica Oparnica (University of Novi Sad)

Space-time fractional Zener wave equation represents a generalization of the classical wave equation obtained as a system consisting of the equation of motion of the
deformable (one-dimensional) body, the time-fractional Zener constitutive equation
and the space-fractional strain measure. The existence and uniqueness of a distributional and a classical solution to the space-time fractional Zener wave equation is
obtained using Fourier and Laplace transforms. The wave front sets for solutions to
two special cases for the space-time fractional Zener wave equation: space fractional
wave equation and time fractional Zener wave equation are calculated. For the case
of the space fractional wave equation no spatial propagation of singularities occurs.

Fri 17:10–17:50, HSB 8

Rotation invariant ultradistributions
Ðord̄e Vučković (University of Gent)

In this talk we will prove that an ultradistribution is rotation invariant if and only
if it coincides with its spherical mean. For it, we study the problem of spherical representations of ultradistributions on Rn . Our results apply to both the quasianalytic
and the non-quasianalytic case. This talk is based on collaborative work with Jasson
Vindas.
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Saturday, July 2
Sat 09:00–09:40, HSB 8

Stochastic operator differential algebraic equations
Tijana Levajković (University of Innsbruck)

The abstract formulation of constraint partial differential equations (PDEs) of
semi-explicit form has the structure of a differential algebraic equation (DAE), i.e.
a differential equation subject to an algebraic constraint. These equations appear in
many applications, e.g. in fluid dynamics. Finite dimension DAEs arising from discretization of the PDE system have been widely studied in recent years. However,
in some cases a direct analysis in operator setting seems to be more appropriate. We
study a stochastic version of this problem, i.e. a system of a linear semi-explicit
stochastic equation subject to an algebraic constraint. This includes for instance
stochastic Stokes equations. By applying the polynomial chaos expansion method
within white noise analysis we reduce the stochastic operator DAE to an infinite
system of deterministic operator DAEs. We prove existence and uniqueness of the
solution of the stochastic operator DAE in a certain weighted space of stochastic
processes.

Sat 09:40–10:20, HSB 8

Compactness in Lebesgue and Sobolev spaces. Wave front set of a sequence and
microlocal defect distributions
Jelena Aleksić (University of Novi Sad)

We use microlocal defect distributions on Rd × Sd−1 (also called H-distributions)
to analyze possible strong convergence of a subsequence of weakly convergent sequences in Lebesgue L p (Rd ) and Sobolev H k,p (Rd ) spaces. The projection of the
support of H-distribution to Rd coincides with the set of points where the strong
convergence is lost, thus H-distributions present generalization of classical defect
measure. Moreover, H-distributions give information about obstructions to strong
convergence such as concentrations and oscillations. Thus, a version of wave front
set of a sequence can be defined via these microlocal tools.
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Sat 10:50–11:30, HSB 8

Microlocal analysis in generalized function algebras
Hans Vernaeve (University of Gent)

Recently, we started the development of the theory of microlocal analysis in Colombeau algebras based on generalized points and generalized directions. We present
a simplified construction through the use of internal objects.

Sat 11:30–12:10, HSB 8

Some ideas on generalized smooth functions
Paolo Giordano (University of Vienna)

Generalized smooth functions (GSF) are set-theoretical functions that embed
Schwartz distributions but are freely closed with respect to composition. GSF
share several properties with ordinary smooth functions: non-linear operations, derivatives and integrals with all the classical rules, intermediate value theorem, mean
value theorems, extreme value theorem, Taylor, local and global inverse function
theorems, Banach fixed point theorem and Picard-Lindeloef for singular ODE, . . .
Therefore, they seem to form an ideal theoretical framework for non-smooth mechanics or for numerical solution of differential equations by a regularization method.
I’ll try to take seriously the word "workshop" by presenting some ideas about GSF,
clearly only partially developed, to fully discuss with participants about their feasibility, interest and risks.
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Sat 14:00–14:40, HSB 8

Picard-Lindelöf Theorems for GSF
L. Lupero Baglini (University of Vienna)

Generalized Smooth Functions are a minimal extension of Colombeau generalized functions to arbitrary domains of generalized points. A key property of GSF is
their conceptual analogy with smooth functions: they are set-theoretical maps, they
are closed by composition, they generalize all classical theorems of calculus and
they have a good notion of being compactly supported. In this talk we show that
this analogy holds also in the study of first order ODEs y0 = F(t; y) where F is a
GSF. In fact, we prove two existence and uniqueness theorems for local solutions of
such ODEs in spaces of compactly supported GSF that are similar to the classical
Picard-Lindelöf theorem. Our proof is based on two generalized versions of Banach
fixed point theorem for GSF, one involving infinite iterations of generalized contractions. If time allows, we will also present some ideas on how a characterization of
distributions among GSF can be applied to obtain information about distributional
solutions of ODEs, providing some examples. This is a joint work with P. Giordano,
University of Vienna.

Sat 14:40–15:20, HSB 8

Generalized Stochastic Processes in Algebras of Generalized Functions
Snežana Gordić (University of Novi Sad)

Colombeau stochastic processes are defined. The notion of point values of Colombeau stochastic processes in compactly supported generalized points is established
and it is proven measurability of the corresponding random variable with values in
Colombeau algebra of compactly supported generalized constants endowed with the
topology generated by sharp open balls. The generalized characteristic functions of
Colombeau stochastic processes is introduced. Colombeau stochastic processes with
independent values and stationary Colombeau stochastic processes are studied.
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Sat 15:20–16:00, HSB 8

The Transport Equation with a white noise coefficient
Johannes Schwaighofer (University of Innsbruck)

We investigate the one dimensional transport equation where the speed is given by
the sum of a scalar and a white noise. The method of characteristics will be used for
solving the problem both classically and for Colombeau generalized functions. The
theory of Fourier integral operators enables us to give some explicit results about the
expectation and covariance of the solution.

Sat 16:00–16:40, HSB 8

Transport in a stochastic Goupiaullaud medium
Michael Oberguggenberger (University of Innsbruck)

This contribution addresses an explicit model of one-dimensional transport in a
stochastic, highly irregular medium. Starting from the concept of a Goupillaud
medium (a layered medium in which the layer thickness is proportional to the propagation speed), a class of stochastic assumptions and limiting procedures lead to
characteristic curves that are Lévy processes. Solutions corresponding to discretely
layered media are shown to converge to limits as the time step goes to zero (almost
surely pointwise almost everywhere). This translates into limits in the Fourier integral operator representation of the solution.
This is joint work with Florian Baumgartner and Martin Schwarz (Innsbruck).

