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The first two half-days of the 11th ANAday15 conference are dedi-
cated to the celebration of Walter Zulehner’s 60th birthday on May
6, 2015. Walter Zulehner was born in Linz and studied Technical
Mathematics at JKU Linz from 1973 to 1979. In 1976 he joined
the Chair for Numerical Analysis as an teaching assistant. Af-
ter having finished his PhD at JKU in 1981 (supervisor o.Univ.-
Prof. Dr.Hansjörg Wacker) he spent a year as visiting assistant pro-
fessor at the Georgia Institute of Technology, Atlanta, USA. In 1989
he obtained the habilitation in the field of mathematics from JKU.
Since 1993 he has been an associate professor at the Institute of
Mathematics at JKU. Professor Walter Zulehner has published more
than 60 papers in high level journals and has supervised 10 PhD stu-
dents.





ANAD-11-15: Wednesday, May 6, 2015, 1st Part
Dedicated to the Celebration of Walter Zulehner’s 60th Birthday

13:30–14:00 Opening

Special Session I. Chair: Sven Beuchler

14:00-14:45 Dietrich Braess A two-energies principle and an a posteriori error bound for
the biharmonic equation

14:45-15:10 Wolfgang Krendl A Decomposition Result for Biharmonic Problems and the
Hellan-Herrmann-Johnson Method

15:10-15:35 Katharina
Rafetseder

A new mixed variational formulation for Kirchhoff-Love
plates by interpolation

15:35-16:00 Coffee Break

Special Session II. Chair: Dietrich Braess

16:00-16:45 Andrew Wathen Preconditioning for models of coupled magma/mantle dy-
namics

16:50-17:35 Roland Herzog Preconditioning Techniques for Nonlinear Optimal Control
Problems

17:40-18:05 Ilaria Perugia A Plane Wave Virtual Element Method for the Helmholtz
Problem

18:05-18:30 Gernot Hendorfer A brief general introduction into Market Research in prac-
tice



ANAD-11-15: Thursday, May 7, 2015

Special Session III. Chair: Andrew Wathen

09:00-09:45 Barbara Wohlmuth Walter + Uzawa = 1060/5+1

09:45-10:10 Huidong Yang Robust Monolithic FSI Solvers
10:10-10:35 Clemens Hofreither New Multigrid Smoothers for Isogeometric Analysis

10:35-11:00 Coffee Break

Special Session IV. Chair: Barbara Wohlmuth

11:00-11:45 Bert Jüttler Isogeometric Analysis on Multi-Patch Domains
11:45-12:10 Stefan Takacs Inliers and outlieres - solving eigenvalue problems with iso-

geometric analysis
12:10-12:35 Jarle Sogn IGA for solving PDE-constrained optimization with limited

observation

12:35-13:40 Lunch Break

ANAD-11-15: Thursday, May 7, 2015, 2nd Part

Session I. Finite and Boundary Element Methods, Chair: W.Zulehner

13:40-14:00 Thomas Apel Finite element error estimates for Dirichlet control problems
in convex and non-convex domains

14:00-14:20 Alexander Haberl Adaptive BEM for optimal convergence of point errors
14:20-14:40 Alexander Rieder Optimal additive Schwarz preconditioning for the hp-BEM:

the hypersingular integral operator in 3D
14:40-15:00 Lothar Banz Stabilized mixed hp-BEM for frictional contact problems in

linear elasticity
15:00-15:20 Jan Petsche Non-conforming hp-finite element discretizations of H1,

H(div) and H(curl)

15:20-15:40 Ioannis Toulopoulos Isogeometric Analysis on non-matching interface subdivi-
sions

15:40-16:10 Coffee Break

Session II. Scientific Computing / Splitting Methods, Chair: Winfried Auzinger

16:10-16:30 Lukas Einkemmer A three-term splitting scheme for the Vlasov-Maxwell sys-
tem

16:30-16:50 ThomasKassebacher Adaptive time-splitting methods for nonlinear Schrödinger
equations in the semiclassical regime

16:50-17:10 Harald Hofstätter On splitting methods for nonlinear parabolic evolution
equations

17:10-17:30 David Sattlegger Parallel algorithms for semiclassical quantum dynamics
17:30-17:50 Gundolf Haase Massive parallelization of a virtual heart simulation

19:00 Conference Dinner (in JKU mensa)



ANAD-11-15: Friday, May 8, 2015

Session III. Scientific Computing / Inverse Methods, Chair: R. Herzog

09:00-09:20 Pavlo Tkachenko Regularized ranking: generalization, improved rates and
prospective applications

09:20-09:40 Galyna Kriukova Regularized ranking: aggregation by linear functional strat-
egy

09:40-10:00 Peter Kandolf The Leja method in the context of exponential integrators
10:00-10:20 Martina Prugger On the parallel implementation of numerical schemes for

the hyperbolic Euler equations
10:20-10:40 Manfred Liebmann A Massively Parallel Eigenvalue Solver for Small Matrices

on Multicore and Manycore Architectures

10:40-11:00 Coffee Break

Session IV. Methods and PDEs, Chair: Dirk Praetorius

11:00-11:20 Christian Gerhards Spherical Multiscale Methods in Geosciences
11:20-11:40 Marco Zank Analysis and numerics of a generalised Steklov eigenvalue

problem
11:40-12:00 Kirian Döpfner Efficient approximation-schemes for Schrödinger-type equa-

tions including turning points
12:00-12:20 Sérgio Rodrigues Internal exponential stabilization to a nonstationary solu-

tion for 1D Burgers equations

12:20-13:20 Lunch Break

Session V. Approximation Methods, Chair: O. Steinbach

13:20-13:40 Christian Irrgeher Tractability of multivariate problems in Hermite spaces
13:40-14:00 Markus Faustmann Existence of H-matrix approximants to the inverse of BEM

matrices: the hyper-singular integral operator
14:00-14:20 Gerharnd Unger Boundary element methods for Maxwell’s eigenvalue prob-

lems
14:20-14:40 Anna Zechner A Locking-free hybrid discontinuous Galerkin finite element

method for Reissner-Mindlin plates

14:40-15:00 Coffee Break

Session VI. Space-time methods, Chair: A. Ostermann

15:00-15:20 Martin Neumüller On the parallel solution of space-time problems
15:20-15:40 Elias Karabelas Space-Time Methods for Moving Domains in 4D
15:40-16:00 Christoph Lehrenfeld Space-time XFEM method for mass transport in two-phase

flows
16:00-16:20 Olaf Steinbach Adapative space–time finite element methods for parabolic

initial boundary value problems

16:20- Closing





ABSTRACTS

Session I (3 talks)
Wednesday, May 6, 14:00–15:35

A two-energies principle and an a posteriori error bound
for the biharmonic equation

I Dietrich Braess
(Ruhr University Bochum, Germany)

The application of the two-energies principle is well established for
elliptic pdes of second order. It turns out that the generalization
to equations of fourth order is not a simple extension. It contains
several traps due to the compatibility conditions for (local) inverses
of the divergence operator. We establish an a posteriori error bound
for the discretization of the biharmonic equation by the discontinu-
ous Galerkin method. The finite elements for the Hellan-Herrmann-
Johnson formulation are usually contained in H1(div2). It turns out
that there are subspaces of piecewise polynomial elements for which
the intersection with H(div2) is sufficiently large.



A Decomposition Result for Biharmonic Problems and
the Hellan-Herrmann-Johnson Method

I Wolfgang Krendl
(Johannes Kepler University, Linz, Austria)

For the first biharmonic problem a mixed variational formulation is
introduced which is equivalent to a standard primal variational for-
mulation on arbitrary polygonal domains. Based on a Helmholtz de-
composition for an involved non-standard Sobolev space it is shown
that the biharmonic problem is equivalent to three (consecutively
to solve) second-order elliptic problems. Two of them are Poisson
problems, the remaining one is a planar linear elasticity problem
with Poisson ratio 0. The Hellan-Herrmann-Johnson mixed method
and a modified version are discussed within this framework. The
unique feature of the proposed solution algorithm for the Hellan-
Herrmann-Johnson method is that it is solely based on standard
Lagrangian finite element spaces and standard multigrid methods
for second-order elliptic problems and it is of optimal complexity.
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A new mixed variational formulation for Kirchhoff-Love
plates by interpolation

I Katharina Rafetseder
(Johannes Kepler University, Linz, Austria)

In this talk, we introduce a new mixed variational formulation of
the Kirchhoff-Love plate for each of the usually considered bound-
ary conditions, consisting of clamped, free and simply supported.
This new mixed formulation is motivated by applying interpolation
results to two mixed formulations, where either all derivatives are
applied to the primal or the dual variable. By interpolation we can
distribute the derivatives evenly among the primal and dual variable
by choosing the space that is situated in the middle. For the new
formulation we verify Brezzi’s conditions and show equivalence to
the original primal variational problem.
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Session II (4 talks)
Wednesday, May 6, 16:00–18:30

Preconditioning for models of coupled magma/mantle
dynamics

I Andrew Wathen
(Oxford University, UK)

joint work with: Sander Rhebergen, Richard Katz, Garth Wells, John Rudge and Laura
Alisic

We will describe some recent work in the numerical simulation of
problems of Geodynamics. The relevant partial differential equa-
tions share some of the features of the well-known Stokes equations,
but there are significant differences. Our work has been to create
rapid solvers for the large systems of equations arising from finite
element approximation. We will briefly derive the relevant models
and describe our preconditioned Krylov subspace iterative solvers
based on 3×3 block preconditioners for the relevant indefinite sys-
tems. These preconditioned iterative techniques enable some of the
first computations with these models.
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Preconditioning Techniques for Nonlinear Optimal
Control Problems

I Roland Herzog
(TU Chemnitz, Germany)

We address the solution of nonlinear optimal control problems by se-
quential quadratic programming (SQP) methods in function space.
A composite-step trust-region framwork is employed for globaliza-
tion. In each substep, a quadratic programming problem needs to
be solved, possibly subject to a trust-region constraint. We discuss
the efficient solution of those problems by tailored preconditioned
Krylov subspace methods in function space. Numerical results will
be included.
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A Plane Wave Virtual Element Method for the Helmholtz
Problem

I Ilaria Perugia
(Johannes Kepler University, Linz, Austria)

joint work with: Paola Pietra (IMATI-CNR “E. Magenes”, Pavia, Italy) and Alessandro
Russo (Università di Milano Bicocca, Milano, Italy)

The Virtual Element Method (VEM) is a generalisation of the fi-
nite element method recently introduced by Beirão da Veiga, Brezzi,
Cangiani, Manzini, Marini and Russo in 2013, which takes inspira-
tion from modern mimetic finite difference schemes, and allows to
use very general polygonal/polyhedral meshes.
This talk is concerned with a new method based on inserting plane
wave basis functions within the VEM framework in order to con-
struct a conforming, high-order method for the discretisation of the
Helmholtz problem. The main ingredients of this plane wave VEM
(PW-VEM) are: i) a low frequency space, whose basis functions
are not explicitly computed in the element interiors; ii) a proper
local projection operator onto a high-frequency space, which has
to provide good approximation properties for Helmholtz solutions,
and to allow to compute exactly the bilinear form, whenever one of
the two entries belongs to that space; iii) an approximate stabili-
sation term. The PW-VEM will be derived, and an outline of its
convergence analysis will be presented, as well as some numerical
testing.
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A brief general introduction into Market Research in
practice

I Hendorfer Gernot
(IMAS, Austria)

After an introduction into the different fields of Market Research -
desk research and field research - a presentation and comparison of
the most important research techniques by showing their advantages
and disadvantages follows.
Defining topic and goal and the correct universe for a survey di-
rectly leads to selecting the suitable methodology and sampling. It
is explained what is usually done to avoid totally unrepresentative
samples because only slight differences of a sample structure to the
corresponding universe structure can be corrected by weighting.
Investigating refusal rates learns us we why is it important to keep
questionnaires as short as possible.
Finally a list of the most common analysis and evaluation tools is
reported.
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Session III (3 talks)
Thursday, May 7, 09:00–10:35

Walter + Uzawa = 1060/5+1

I Barbara Wohlmuth
(TU Munich, Munich, Germany)

Walter + Uzawa = 1060/5+1.
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Robust Monolithic FSI Solvers

I Huidong Yang
(RICAM, Linz, Austria)

joint work with: Ulrich Langer

In this talk, we construct robust and efficient preconditioner Krylov
subspace solvers for the monolithic linear system of algebraic equa-
tions arising from the finite element discretitzation and Newton’s
liniarization of the fully coupled fluid-structure interaction system of
Partial Differential Equations in the Arbitrary Lagrangian–Eulerian
formulation. We admit nonlinear hyperelastic material in the solid
model and cover a large range of flows, e.g., water, blood, and air
with highly varying density. The robust preconditioners are con-
structed in form of L̂D̂Û , where L̂, D̂ and Û are proper approx-
imations to the matrices L, D and U in the LDU factorization
of the fully coupled system matrix, respectively. The inverse of
the corresponding Schur complement is approximated by applying
one cycle of a special class of algebraic multigrid methods to the
perturbed fluid sub-problem, that is obtained by modifying corre-
sponding entries in the original fluid matrix with an explicitly con-
structed approximation of the exact perturbation coming from the
sparse matrix-matrix multiplications. The numerical studies pre-
sented impressively demonstrate the robustness and the efficiency
of the preconditioners proposed in the talk.
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New Multigrid Smoothers for Isogeometric Analysis

I Clemens Hofreither
(Johannes Kepler University, Linz, Austria)

We investigate geometric multigrid methods for solving the large,
sparse linear systems which arise in isogeometric discretizations of
elliptic partial differential equations. It is well-known by now that
classical multigrid smoothers do not perform robustly with respect
to the spline degree and the space dimension when used in the iso-
geometric setting. Motivated by recent results on approximation
properties and inverse inequalities in spline spaces which are explicit
in the spline degree, we propose new smoothers which are based on
a splitting of the discretization space into interior and boundary de-
grees of freedom. The inverse of the mass matrix is an important
ingredient in the construction of the smoother and is efficiently eval-
uated by exploiting the tensor product structure of the commonly
used IGA spaces. We present some numerical experiments to study
the practical performance of the new smoothers.
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Session IV (3 talks)
Thursday, May 7, 11:00–12:35

Isogeometric Analysis on Multi-Patch Domains

I Bert Jüttler
(Johannes Kepler University, Linz, Austria)

joint work with: K. Birner, F. Buchegger, M. Kapl and V. Vitrih

Constructions for spline spaces suitable for Isogeometric Analysis
(IgA) on multi-patch domains is presented. Our constructions are
motivated by emerging requirements in isogeometric simulations.
In particular, IgA spaces should allow for adaptive mesh refinement
and they should guarantee the optimal smoothness of the discretized
solution, even across interfaces of adjacent patches.
Firstly, given a domain manifoldM consisting of individual patches
(isomorphic to the unit square or cube) that are glued together along
interfaces, we present a construction of multi-patch B-splines defined
on them. Their smoothness is enhanced by modifying or merging
locally basis functions around the boundary of each patch. The re-
sulting multi-patch B-splines with enhanced smoothness (MPBES)
possess the property of local linear independence and form a nonneg-
ative partition of unity. Moreover, their span can be characterized as
the linear space of all piecewise polynomial functions on the domain
manifold that possess certain smoothness properties.
Subsequently, adaptively refined MBRES are obtained by generaliz-
ing the construction of truncated hierarchical (TH) B-splines. More
precisely, a nested sequence of spaces spanned by MPBES is con-
sidered, corresponding to steps of local enrichment. In addition, an
inversely nested sequence of subdomains (which are submanifolds
of M) is used to specify the local refinement level of functions in
these spaces. Finally, truncated hierarchical MPBES are obtained
by means of the selection and truncation mechanism of THB-splines.
The desired properties of linear independence and convex partition
of unity are maintained.
Secondly we present a construction of globally C1-smooth isogeo-
metric basis functions which is based on the concept of geometric
continuity.
We present several numerical examples which demonstrate potential
applications of the new bases in isogeometric analysis.
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Inliers and outlieres – solving eigenvalue problems with
isogeometric analysis

I Stefan Takacs
(Johannes Kepler University, Linz, Austria)

Isogeometric analysis is a modern approach to discretize partial dif-
ferential equations (PDEs), where spline functions are used for dis-
cretization. An advantage of spline functions is their smoothness,
so they seem to be good for the approximation of eigenvalue prob-
lems, like −u′′(x) = λu(x). Numerical experiments indicate that the
eigenvalues of the discretized problem converge well to the eigenval-
ues of the continuous problem if the polynomial degree is increased.
However, a small number of eigenvalues resists convergence. We will
identify those outliers and find out their motivation for not converg-
ing.

12



IGA for solving PDE-constrained optimization with
limited observation

I Jarle Sogn
(Johannes Kepler University, Linz, Austria)

New research in PDE-constrained optimization with limited obser-
vation suggests that using discretization with higher regularity is
needed to get parameter and mesh size independent stability condi-
tions. A robust preconditioner (w.r.t. parameter and mesh size) is
also given in this setting. The main idea is that the control space
and the Lagrange-multiplier space are the same. Suitable finite ele-
ments with high regularity is difficult to find. In this setting, splines
and IGA might have a superior advantages compared to classical
FEM.
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Session I (6 talks for Finite and boundary Element
Methods)

Thursday, May 7, 13:40–15:40

Finite element error estimates for Dirichlet control
problems in convex and non-convex domains

I Thomas Apel
(Universität der Bundeswehr München, Germany)

joint work with: Mariano Mateos (Universidad de Oviedo, Spain), Johannes Pfefferer
(Unibw München, Germany), and Arnd Rösch (Uni Duisburg–Essen, Germany)

In this talk we study control constrained Dirichlet boundary control
problems governed by an elliptic partial differential equation. We
assume that the underlying domain is polygonal but not necessarily
convex.
In the first part of this talk, we investigate the regularity of the so-
lution of such problems. It is well known that in polygonal domains
the solution of an elliptic partial differential equation contains sin-
gular terms in general which are due to the corners of the domain
and depend on the size of the corresponding angle. By analyzing
these singular parts in detail we are able to establish improved regu-
larity results in convex domains compared to those in the literature.
Moreover, we derive completely new regularity results for problems
posed in non-convex domains. For example, we show that the opti-
mal control is a continuous function although the normal derivative
of the adjoint state may be unbounded.
In the second part, we discuss error estimates for the finite element
approximation of the optimal control problem. We discretize both
the state and the control by piecewise linear and continuous func-
tions on quasi-uniform meshes. The error estimates mainly depend
on the size of the interior angles but also on the presence of control
constraints. In case of an unconstrained control in non-convex do-
mains, the error estimates can even be worse compared to those for
control constrained problems.



Adaptive BEM for optimal convergence of point errors

I Alexander Haberl
(Vienna University of Technology, Vienna, Austria)

One particular strength of the boundary element method is that it
allows for a high-order pointwise approximation of the solution of the
related partial differential equation via the representation formula.
We propose an adaptive mesh-refining algorithm and discuss recent
results on its quasi-optimal convergence behavior with respect to the
point error in the representation formula. Numerical examples for
the weakly-singular integral equations for the Laplacian underline
our theoretical findings.
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Optimal additive Schwarz preconditioning for the
hp-BEM: the hypersingular integral operator in 3D

I Alexander Rieder
(Vienna University of Technology, Vienna, Austria)

joint work with: T. Führer, J. M. Melenk, D. Praetorius

We consider the discretization of the hypersingular integral oper-
ator by the hp-version of the Galerkin boundary element method
(hp-BEM) and propose a preconditioner based on the overlapping
additive Schwarz framework. The preconditioner is based on a space
decomposition into the space of piecewise linears and spaces of high
order polynomials supported by the vertex patches. This decompo-
sition results in uniformly bounded (w.r.t. mesh size h and poly-
nomial degree p) condition number for the preconditioned system.
It is possible to further decompose the space of piecewise linears
in a multilevel fashion and retain the uniformly bounded condition
number. The preconditioner is suitable for locally refined meshes
but assumes shape regularity of the mesh. For a mesh with N ele-
ments, resulting from a finite number of uniform refinement steps,
the preconditioner can be applied in O(N p4) operations, where N
denotes the number of elements, and the assembly takes O(N + p6)
operations.
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Stabilized mixed hp-BEM for frictional contact problems
in linear elasticity

I Lothar Banz
(University of Salzburg, Salzburg, Austria)

joint work with: Heiko Gimperlein, Ernst P. Stephan and Abderrahman Issaoui

We analyze a stabilized mixed hp-boundary element method for fric-
tional contact problems for the Lamé equation. The stabilization
technique circumvents the discrete inf-sup condition for the mixed
problem and thus allows us to use the same mesh and polynomial de-
gree for the primal and dual variables. We prove a priori convergence
rates in the case of Tresca friction, using Gauss-Legendre-Lagrange
polynomials as test and trial functions for the Lagrange multiplier.
Additionally, a residual based a posteriori error estimate for a more
general class of discretizations is derived. The discretization and
the a posteriori error estimate are extended to the case of Coulomb
friction. Several numerical experiments underline our theoretical re-
sults, demonstrate the behavior of the method and its insensitivity
to the scaling and perturbations of the stabilization term.
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Non-conforming hp-finite element discretizations of H1,
H(div) and H(curl)

I Jan Petsche
(University of Salzburg, Salzburg, Austria)

In this talk, we discuss non-conforming hp-finite element discretiza-
tions of H1, H(div) and H(curl) on quadrilateral and hexahedral
meshes. In particular, we examine two techniques: The enforcement
of continuity requirements of the spaces via Lagrange multipliers and
the use of tensor product shape functions based on Lagrange poly-
nomials and Gauss-Legendre quadrature nodes. The combination of
these techniques allows for an effective implementation of assembling
routines (numerical integration, static condensation, parallelization)
on arbitrary convex quadrilateral and hexahedral mesh elements
with varying polynomial degree distribution and (multilevel) hang-
ing nodes. Several numerical examples confirm the applicability of
the proposed techniques.
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Isogeometric Analysis on non-matching interface
subdivisions

I Ioannis Toulopoulos
(RICAM, Linz, Austria)

joint work with: Ulrich Langer

Interest in Isogeoemetric Analysis (IgA) methods for solving PDE
problems in complicated geometries has grown rapidly over recent
years. The advantages of IgA over other approaches is the use of
B-splines (NURBS, T-splines etc) for representing the complex ge-
ometry domains and for approximating the solution of the problem.
In many realistic situations for convenience reasons the computa-
tional domain is subdivided into subdomains, in other words, we
describe the domain with multiple patches. Despite the advantages
that B-spline/NURBS offer on the parametrization of the subdo-
mains, we may have to deal the situation where the parametrized
interfaces of adjusting subdomains are not identical (non-matching
parametrizations of the interfaces) and gap regions between the sub-
domains can exist. This talk is devoted to present approximations
of the solution of a model elliptic problem on non-matching interface
subdivisions by a discontinuous Galerkin IgA method. The theoret-
ical results are supported by numerical examples.
We gratefully acknowledge the financial support of this research
work by the Austrian Science Fund (FWF) under the grant NFN
S117-03.
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Session II (5 talks for Scientific Computing / Splitting
Methods)

Thursday, May 7, 16:10–17:50

A three-term splitting scheme for the Vlasov–Maxwell
system

I Lukas Einkemmer
(University of Innsbruck, Innsbruck, Austria)

It is well known that the Vlasov-Maxwell system can be considered
as an infinite dimensional Hamiltonian system, where the Hamilto-
nian structure is non canonical and depends on the solution itself
(Poisson structure). This is of interest, as contrary to the Vlasov-
Poisson system for which the natural splitting between spatial ad-
vection and velocity advection is also a Hamiltonian splitting, it is
not clear from the structure of the Vlasov-Maxwell system which
choice of splitting scheme yields good conservation properties. The
splitting methods for the Vlasov-Maxwell system constructed in the
literature have exclusively focused on two-term splittings (motivated
by the two transport terms in space and in velocity) and therefore
have used rather ad-hoc procedures in order to obtain methods of
second order.
We propose a new splitting method that is based on the Hamilto-
nian structure of the Vlasov-Maxwell system. In addition to the fact
that methods of arbitrary high order can be constructed by compo-
sition, we show that if a spectral method is employed for the spatial
discretization, the charge is exactly preserved and the numerical
solution satisfies Poisson’s equation without explicitly solving it.
In addition, we present numerical simulations in the context of the
time evolution of a number of electromagnetic plasma instabilities
(including the Weibel instability and a two-stream instability driven
by a perturbation in the magnetic field) which emphasizes the ex-
cellent behavior of the new splitting compared to methods from the
literature.
This presentation is based on N. Crouseilles, L. Einkemmer, E.
Faou, J. Comput. Phys. 283 (2015): 224-240.
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Adaptive time-splitting methods for nonlinear
Schrödinger equations in the semiclassical regime

I Thomas Kassebacher
(University of Innsbruck, Innsbruck, Austria)

joint work with: Winfried Auzinger (Vienna University of Technology), Othmar Koch
(University of Vienna), and Mechthild Thalhammer (University of Innsbruck).

We consider nonlinear Schrödinger equations in the semiclassical
regime involving a small parameter ε > 0, a quadratic potential and
a cubic nonlinearity,

i ∂tψ(x, t) = − ε∆ψ(x, t) + 1
ε

(
U(x) + ϑ |ψ(x, t)|2

)
ψ(x, t) ,

ψ(0, x) = u(x) ,

and study the error behavior of time-splitting methods, extending
the work from [3]. By suitable integral representations for the local
error L(t, u) of the Lie–Trotter and Strang splitting methods [1], we
deduce local error estimates that reflect the dependence on the time
step t and the semiclassical parameter ε,

‖LLie(t, u)‖L2 ≤ C
(
t2 + t3

(
1
ε

+ ε
)

+ t4
(

1
ε2

+ 1
))

+ t2O
(
( t
ε
)3
)(

1 +O(ε2)
)
,

‖LStrang(t, u)‖L2 ≤ C
(
t3
(

1
ε

+ ε
)

+ t4
(

1
ε2

+ 1
))

+ t2O
(
( t
ε
)3
)(

1 +O(ε2)
)
.

Numerical examples for the regimes t > ε and t < ε, respectively,
confirm these bounds. We also introduce a posteriori local error es-
timators and illustrate their performance, in particular for adaptive
choice of the time steps [2].

References

[1] W. Auzinger, H. Hofstätter, O. Koch, M. Thalhammer. Defect-
based local error estimators for splitting methods, with applica-
tion to Schrödinger equations, Part III: The nonlinear case. J.
Comput. Appl. Math. 273 (2014) 182–204.

[2] W. Auzinger, T. Kassebacher, O. Koch, M. Thalhammer. Adap-
tive splitting methods for nonlinear Schrödinger equations in the
semiclassical regime. ASC Report No. 27/2014, Institute for
Analysis and Scientific Computing, Vienna University of Tech-
nology.

[3] S. Descombes, M. Thalhammer. The Lie-Trotter splitting for
nonlinear evolutionary problems with critical parameters. A com-
pact local error representation and application to nonlinear
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Schrödinger equations in the semi-classical regime. IMA J. Nu-
mer. Anal. 33 (2012) 722–745.
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On splitting methods for nonlinear parabolic evolution
equations

I Harald Hofstätter
(Vienna University of Technology, Vienna, Austria)

On a recent paper Einkemmer and Ostermann [1] describe and pro-
pose how to overcome order reduction phenomena for Strang split-
ting applied to parabolic evolution equations with inhomogeneous,
possibly time-dependent Dirichlet boundary conditions.
Contrary to the impression conveyed in [1], order reduction can oc-
cur even for homogeneous Dirichlet or Neumann boundary condi-
tions, particularly for inconsistent initial data. For high-order split-
ting methods (with complex coefficients) this order reduction can
be very massive.
In this talk we try to understand this behavior. We give a prelim-
inary analysis of the local and global error both for consistent and
inconsistent initial data and illustrate our theoretical approach by
numerical experiments.

References

[1] L. Einkemmer, A. Ostermann: Overcoming order reduction in
diffusion-reaction splitting. Part 1: Dirichlet boundary condi-
tions, Submitted to SIAM Journal on Scientific Computing
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Parallel algorithms for semiclassical quantum dynamics

I David Sattlegger
(TU Munich, Munich, Germany)

In molecular quantum dynamics we aim for an improved under-
standing of fundamental chemical processes. In order to do so we
study solutions to the semiclassical Schrödinger equation

i ε
d

dt
ψ = Hεψ

resulting from the Born–Oppenheimer approximation. The small
parameter ε > 0 reflects the mass ratio of electrons and nuclei in a
molecule. It typically ranges between 10−3 and 10−2.

Grid-based numerical methods need a very fine resolution for small
ε. They thus become expensive even in one and computationally
infeasible in higher dimensions. In this talk we present algorithms
that are not only capable of solving high-dimensional problems but
are also ideally suited for high performance computing due to their
parallel nature.
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Massive parallelization of a virtual heart simulation

I Gundolf Haase
(Karl-Franzens-Universität Graz, Graz, Austria)

We developed our algebraic multigrid solvers (AMG) with special
focus on cardiac electromechanics with the goal of simulating one
heart beat as fast as possible. The overall systems consist of the
bidomain equations (elliptic + parabolic pde, non-linear coupling via
an ode system) [2] coupled with non-linear elasticity. The simulation
bases on unstructured 3D meshes with anisotropic, inhomogeneous
material coefficients.
Besides choosing the AMG components such that the overall run-
time is minimized, we needed a highly efficient MPI + OpenMP par-
allelization with an additional acceleration on GPUs. The presen-
tation will focus on all the little improvements necessary to achieve
very good strong speedup on 4096 CPU cores [1] such that one cou-
pled system with 11 Mill. degrees of freedom can be solved in less
than one second.
The parallelization for many-core processors as NVIDA GPUs re-
sults in further speedup between 5 and 30 depending on the sub-
tasks. In order to reduce the data transfer between accelerator mem-
ory and CPU memory in the non-linear solvers, we had to redesign
the interfaces and data structures in the whole medical simulation
code according to plain data structures and flexible solver steps. Al-
though this parallelization has been done in CUDA [2] the future
development will use pragma driven parallelization in OpenACC
(GPU) and/or OpenMP 4.0 (Intel Xeon Phi) in order to have one
code for all current (and future) many-core hardware.
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Session III (5 talks for Scientific Computing / Inverse
Methods)

Friday, May 8, 09:00–10:40

Regularized ranking: generalization, improved rates and
prospective applications

I Pavlo Tkachenko
(RICAM, Linz, Austria)

In this talk we study the ranking problem in the context of the
regularization theory that allows a simultaneous analysis of a wide
class of ranking algorithms. Some of them were previously studied
separately. For such ones, our analysis gives a better convergence
rate compared to the reported in the literature. We also supplement
our theoretical results with numerical illustrations and discuss the
application of ranking to the problem of estimating the risk from
errors in blood glucose measurements of diabetic patients.
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Regularized ranking: aggregation by linear functional
strategy

I Galyna Kriukova
(RICAM, Linz, Austria)

The solving of ill-posed ranking problems naturally leads to the
necessity of employment of a regularization scheme. This topic has
been intensively studied in recent years. However, problems such as
a choice of regularization parameters remain open. In the present
talk we discuss a rather general approach to the regularization in
reproducing kernel Hilbert spaces, which is based on the idea of
a linear combination of approximations corresponding to different
values of the regularization parameters. The coefficients of the linear
combination are taken by means of the linear functional strategy.
Convergence analysis for learning a target function is provided. The
theoretical analysis is illustrated by numerical experiments.
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The Leja method in the context of exponential integrators

I Peter Kandolf
(University of Innsbruck, Innsbruck, Austria)

Exponential integrators require a reliable and efficient implementa-
tion of the action of the matrix exponential and related ϕ-functions.
In this work we consider the Leja method for performing this task.
The Leja method is a well established scheme for computing the
action of the matrix exponential. We present a new backward error
analysis allowing a more efficient method. From a scalar compu-
tation in high precision we predict the necessary number of scaling
steps based only on a rough estimate of the field of values or norm
of the matrix and the desired backward error. The efficiency of the
approach is shown in numerical experiments.
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On the parallel implementation of numerical schemes for
the hyperbolic Euler equations

I Martina Prugger
(University of Innsbruck, Innsbruck, Austria)

The modeling of fuids usually results in a number of partial difer-
ential equations that relate the change of local properties (such
as density, velocity, temperature,...) in time to the corresponding
change in space. Among the equations used, the Euler equations
(for inviscid fow) and the Navier-Stokes equations (for viscid fow)
are probably the most prominent examples and are used in a variety
of applications. Mathematically speaking, the proper discretization
of conservation laws is of importance to obtain physically relevant
results that can be used in applications ranging from the analysis of
aircrafts to transport phenomena in the sun.
These problems are challenging from a numerical point of view, since
care has to be taken to propagate shock waves without diminishing
the performance of the scheme.
MPI is the classical approach for scientific computation on a parallel
architecture. However, with respect to the ongoing developement of
HPC systems, a reduction of the communication overhead is desir-
able. The Partitioned Global Address Space (PGAS) programming
model is a more convenient way to write a parallel program and it
offers the potential of reducing the communication overhead.
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A Massively Parallel Eigenvalue Solver for Small Matrices
on Multicore and Manycore Architectures

I Manfred Liebmann
(University of Graz, Graz, Austria)

We present a massively parallel eigenvalue solver for small non-
symmetric complex matrices based on a family of robust algorithms
in LAPACK. While it is not possible to derive any meaningful par-
allelism within a single small eigenvalue problem, however it is still
possible to vectorize the algorithm and thus solve many small eigen-
value problems simultaneously. Although a typical QR based algo-
rithm has a complex program flow, the thread divergence from the
vectorization approach can be kept low, and thus a high degree of
efficiency can be achieved.

0 = p(λ) = det(λE − A)

We evaluate the approach with three million 10 × 10 companion
matrices A derived from a MRI image reconstruction problem and
calculate the roots of the associated polynomials p.
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Session IV (4 talks for Methods and PDEs)
Friday, May 8, 11:00–12:20

Spherical Multiscale Methods in Geosciences

I Christian Gerhards
(University of Vienna, Vienna, Austria)

Many problems in gravity, oceanic, and geomagnetic modeling can
be reduced to spherical differential equations. In this talk, we are
interested in some basic equations based on the spherical Beltrami
operator, in particular, on subdomains of the sphere. We present the
construction of corresponding Green functions on spherical caps and
their regularization in order to obtain multiscale convolution kernels.
Numerical examples are presented, e.g., for the determination of the
disturbing gravity potential from deflections of the vertical.
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Analysis and numerics of a generalised Steklov eigenvalue
problem

I Marco Zank
(Graz University of Technology, Graz, Austria)

In this talk we consider the generalised Steklov eigenvalue problem

−∆u = 0 in Ω,

∂

∂n
u = µFu on ∂Ω =: Γ

for a given operator F : H
1
2
∗ (Γ)→ H

− 1
2

∗ (Γ) with the spaces

H
− 1

2
∗ (Γ) :=

{
w ∈ H−

1
2 (Γ) : 〈w,1〉Γ = 0

}
,

H
1
2
∗ (Γ) :=

{
v ∈ H

1
2 (Γ) : 〈weq, v〉Γ = 0

}
and with the natural density weq := V −11 where V −1 is the inverse
simple layer operator. The generalised Steklov eigenvalue problem
is examined for the inverse simple layer operator F = V −1 and for
the hypersingular boundary integral operator F = D.
Spectral values of the underlying operators are linked to the spec-
tral values of the operator 1

2
I + K with the double layer operator

K : H
1
2 (Γ)→ H

1
2 (Γ). We can also find a representation of the con-

traction rate cK of the operator 1
2
I + K. Further, the existence of

Steklov eigenfunctions and Steklov eigenvalues is proved for domains
providing that the double layer operator K is compact.
At the end of the talk numerical examples will be presented not only
for a smooth boundary Γ but also for a boundary Γ with corners.
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Efficient approximation-schemes for Schrödinger-type
equations including turning points

I Kirian Döpfner
(Vienna University of Technology, Vienna, Austria)

We are concerned with the highly oscillatory regime of a stationary
Schrödinger equation

ε2ϕxx + a(x)ϕ = 0, 0 < ε� 1,

including so-called turning points, i.e. zeros of a(x). The numeri-
cal integration of a highly oscillating differential equation demands
high computational cost. An Airy function-ansatz is used to trans-
form the ODE hence to eliminate the dominant oscillations. This
ODE can then be solved using asymptotic expansions in the param-
eter ε and the step size h, which yields an asymptotically correct
scheme that is first order consistent with no necessity to resolve the
oscillations.
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Internal exponential stabilization to a nonstationary
solution for 1D Burgers equations

I Sérgio S. Rodrigues
(RICAM, Linz, Austria)

The feedback stabilization of the Burgers system to a nonstation-
ary solution using finite-dimensional internal controls is considered.
Estimates for the dimension of the controller are derived. In the par-
ticular case of no constraint on the support of the control a better
estimate is derived and the possibility of getting an analogous esti-
mate for the general case is discussed. That possibility is suggested
by the results of some numerical simulations.
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Session V (4 talks for Approximation Methods)
Friday, May 8, 13:20–14:40

Tractability of multivariate problems in Hermite spaces

I Christian Irrgeher
(Johannes Kepler University, Linz, Austria)

joint work with: Peter Kritzer, Gunther Leobacher, Friedrich Pillichshammer and Henryk
Woźniakowski

We study multivariate problems, e.g., numerical integration or func-
tion approximation, defined over weighted reproducing kernel Hilbert
spaces based on Hermite polynomials in a worst-case setting. In this
context, it is interesting to study the convergence rate of the worst-
case error as well the dependence of the problems with respect to
the dimension. Therefore we consider various notions of tractability,
i.e., we investigate the asymptotic behaviour of the information com-
plexity with respect to both the dimension and the accuracy. In this
talk I mainly concentrate on the multivariate integration problem
and present necessary and sufficient conditions under which these
notions of tractability are achieved.
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Existence of H-matrix approximants to the inverse of
BEM matrices: the hyper-singular integral operator

I Markus Faustmann
(Vienna University of Technology, Vienna, Austria)

joint work with: Jens Markus Melenk and Dirk Praetorius

We study the Galerkin matrix W arising from discretization of the
hyper-singular boundary integral operator W . As the operator W
vanishes (only) on constant functions, the matrix W is singular
with a kernel of dimension one. In order to deal with this kernel we
employ a saddle point discretization of the hyper-singular integral
equation, which leads to an invertible matrix Ŵ. Nonetheless, the
matrix Ŵ and its inverse/LU-decomposition are dense, and employ-
ing a matrix compression format would be useful.
In this talk, we establish that the inverse matrix Ŵ−1 corresponding
to the hyper-singular boundary integral equation can be approxi-
mated by the data-sparse format of H-matrices, where the error de-
cays exponentially in the block rank employed. This result directly
implies the existence of an H-matrix approximation to a stabilized
Galerkin discretization, which can also be used to treat with the
kernel. Moreover, an LU -decomposition in the H-matrix format ex-
ists as well, and can be used, e.g., for black-box preconditioning in
iterative solvers.
The main difference to our previous work [1, 2], where we are con-
cerned with approximations to inverses of finite element stiffness and
boundary element matrices of the single-layer operator, is the treat-
ment of the saddle point formulation. Although, here, the kernel is
only of dimension one, the developed techniques can be applied to
other saddle point formulations, for example, the Stokes system as
well.
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Boundary element methods for Maxwell’s eigenvalue
problems

I Gerhard Unger
(Graz University of Technology, Graz, Austria)

Boundary element methods for Maxwell’s eigenvalue problem for
bounded domains were proposed in [1, 2]. Numerical examples in
these papers indicate a spectrally correct approximation of Maxwell’s
eigenvalue problem by the boundary element method when Raviart-
Thomas elements are used. An analysis of the boundary integral for-
mulations and their numerical approximations was not given there.
In this talk we address these issues and consider Maxwell’s eigen-
value problem also in unbounded domains for the computation of so-
called scattering-resonances. We analyze boundary integral formu-
lations of Maxwell’s eigenvalue problems in the framework of eigen-
value problems for holomorphic Fredholm operator-valued functions.
General numerical results of this theory are applied to the Galerkin
approximation of boundary integral formulations of Maxwell’s eigen-
value problems.
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A Locking-free hybrid discontinuous Galerkin finite
element method for Reissner-Mindlin plates

I Anna Zechner
(Vienna University of Technology, Vienna, Austria)

joint work with: Joachim Schöberl.

We consider a hybrid discontinuous Galerkin (HDG) finite element
method for fluid structure interaction. With this method we obtain
a natural coupling of the velocity and the displacement variables.
In this talk we want to point out the suitability of our H(curl)-
based HDG method for the displacement: We give an error analysis
of our finite element method for Reissner-Mindlin plates. The error
estimates are optimal and robust with respect to the thickness of
the plate which means that there are no locking effects.
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Session VI (4 talks for Space-time Methods)
Friday, May 8, 15:00–16:20

On the parallel solution of space-time problems

I Martin Neumüller
(Johannes Kepler University, Linz, Austria)

We present and analyze a new space-time parallel multigrid method
for parabolic equations. The method is based on arbitrarily high
order discontinuous Galerkin discretizations in time, and a finite
element discretization in space. The key ingredient of the new algo-
rithm is an inexact block Jacobi smoother. By using local Fourier
mode analysis we determine asymptotically optimal smoothing pa-
rameters, a precise criterion for semi-coarsening in time or full coars-
ening, and give an asymptotic two grid contraction factor estimate.
We then explain how to implement the new multigrid algorithm in
parallel, and show with numerical experiments its excellent strong
and weak scalability properties. This space-time multigrid method
is also used to solve an optimal control problem, the Stokes and
Navier Stokes equations.
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Space-Time Methods for Moving Domains in 4D

I Elias Karabelas
(Medical University of Graz, Graz, Austria)

joint work with: Martin Neumüller

In this talk we present a discontinuous Galerkin finite element method
for the solution of the transient Stokes equation on moving domains.
The approach is based on a decomposition of the space-time cylin-
der into finite elements. Our focus lies on three dimensional moving
geometries, thus we need to triangulate four dimensional objects.
For the discretization of the initial boundary value problem we use
an interior penalty Galerkin approach in space, and an upwind tech-
nique in time. Further we will show how one can generate a four-
dimensional object resolving the domain movement. First numerical
results for the transient Stokes equations on triangulations generated
with the newly developed meshing algorithm are presented.
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Space-time XFEM method for mass transport in
two-phase flows

I Christoph Lehrenfeld
(Vienna University of Technology, Vienna, Austria)

In this talk we consider the transport of a dissolved species in
a divergence-free immiscible incompressible two-phase flow. The
transport is modeled by convection diffusion equations inside the
fluid phases phases. Across the moving interface two conditions
are prescribed. The so-called Henry interface condition leads to a
jump discontinuity for the concentration across the interface. This
discontinuity of the solution renders the numerical solution on unfit-
ted meshes challenging. We introduce a new finite element method
for this kind of problem. The method is based on a space-time fi-
nite element formulation enriched with the extended finite element
method. A Nitsche-type technique is further used to ensure the
Henry condition. The method is presented and discussed. For the
practical value of the method the efficiency of solvers for the arising
linear systems is crucial. We discuss new concepts on how to solve
systems arising from Nitsche-XFEM discretizations efficiently.
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Adapative space–time finite element methods for
parabolic initial boundary value problems

I Olaf Steinbach
(Graz University of Technology, Graz, Austria)

In most cases, finite element methods for time–dependent partial
differential equations rely on time–stepping schemes. Although such
an approach allows for a subsequent solution of the discrete system,
it may not reflect the behavior of the solution properly, at least from
an approximation point of view. For the model problem of the heat
equation we will consider a finite element method with respect to a
general decomposition of the space–time domain. In particular, such
an approach allows for an adaptive refinement simultaneously in
space and time. Here we will present a stability and error analysis as
well as residual based a posteriori error estimators. First numerical
results indicate the potential of the proposed approach.
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