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Programm

09:30 - 10.00h Registration

10:00 – 10:50h Plenary talk by Prof. Gabriel Wittum

10:50 – 11:20h Coffee Break

11:20 – 12:40h Contributed talks

12:40 – 14:00h Poster Session and Sandwich Lunch

14:00 – 15.40h Contributed talks II

15:40 – 16:00h Coffee Break

16:00 – 16:50h Plenary talk by Prof. Ivan Graham

16:50 – 17:00h Closing
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Posters

• Andrea Bartezzaghi: Isogeometric analysis of high-order partial differential equa-
tions on surfaces

• Adrian Blumenthal: Stabilized Multilevel Monte Carlo Method for Stochastic
Differential Equations

• Raul Bourquin: High Oscillatory Integrals in Context of Semiclassical Wave-
packets

• Roger Käppeli: Structure Preserving Schemes

• Viljami Laurmaa: An octree-based scheme for the transport equation. Applica-
tion to free surface flows

• Sandra May: A mixed explicit implicit time stepping scheme for Cartesian em-
bedded boundary meshes

• Eleanora Musharbash: Dynamically Orthogonal approximation of time depen-
dent random PDEs

• Fabian Müller: Finite Elements for second-order linear hyperbolic PDEs in polyg-
onal domains

• Alberto Paganini: Approximate Shape Gradients for Interface Problems

• Cecilia Paglantini: Stabilized Galerkin methods for the advection of differential
forms with discontinuous velocities

• Laura Scarabosio: Uncertainty quantification for the Helmholtz transmission
problem with stochastic interface

• Markus Sprecher: Approximation of Geometric Data

• Jonas Sukys: MLMC for systems of hyperbolic conservation laws with random
input data
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Hierarchical tensor approximation of output quantities of
parameter-dependent PDEs

Jonas Ballani, EPFL Lausanne

Abstract.
Parametric PDEs appear in a large number of applications, as e.g. in uncertainty

quantification or optimisation. In many cases, one is interested in scalar output quan-
tities induced by the parameter-dependent solution. The output can be interpreted
as a tensor living on a high-dimensional parameter space. Our aim is to adaptively
construct an approximation of this tensor in the hierarchical tensor format. Once
this approximation from an offline computation is available, the evaluation of the
output for any parameter value becomes a cheap online task. Moreover, the explicit
tensor representation can be used to compute stochastic properties of the output in
a straightforward way. The potential of this approach is illustrated by numerical
examples.

This is joint work with Lars Grasedyck.
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Shifted Laplacian multigrid preconditionner for indefinite Helmholtz
problems

Pierre-Henri Cocquet, Section de Mathématique, Université de Genève

Abstract.
The indefinite Helmholtz equation is used for modelling the propagation of sound,

for example in geophysics. It is well-known that standard iterative methods have
severe convergence problems when used for solving linear systems coming from the
discretization of Helmholtz problems, and the development of special preconditioners
for such problems is an active area of research.

We focus in this talk on the shifted Laplacian preconditioner for this problem. In
particular we are interested in the minimal shift for which the multigrid solver of
the preconditioner converges. The motivation comes from the fact that numerical
simulations have shown that it needs to be large enough for multigrid to work and it
has to be not too large to be a good preconditioner.

We will actually prove, for both finite differences and finite element discretizations
that a shift behaving like the square of the wavenumber is required for multigrid
to work. For 1D Helmholtz problems, our proofs use standard Fourier analysis to
get bounds on the shift. For higher dimensions, we extend techniques used to study
multigrid for finite element discretizations of the Poisson equation. The latter can
also be used to study shifted Helmholtz problems with Robin boundary conditions,
for instance, when working with scattering problems.
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A posteriori modeling error estimates for the approximation of a slightly
compressible fluid as perfectly incompressible

Julian Fischer, Institute of Mathematics, University of Zurich

Abstract.
Considering a slightly compressible fluid, we derive rigorous a posteriori estimates

for the difference between an approximate solution to the incompressible Navier-
Stokes equation and any corresponding weak solution to the compressible Navier-
Stokes equation (in the sense of P.-L. Lions). We do not assume any additional
regularity of solutions to the compressible Navier-Stokes equation, but work with
just the known regularity of weak solutions as constructed by Lions. All constants in
our estimates are explicit, except for a Poincaré-Sobolev constant. To the best of our
knowledge, our estimates provide the first fully rigorous justification for replacing the
compressible Navier-Stokes equation with the incompressible Navier-Stokes equation
in case of a slightly compressible fluid.
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Multilevel Monte Carlo for Bayesian Inverse Problems

Robert Gantner, Seminar of Applied Mathematics, ETH Zurich

Abstract.
We consider Bayesian inversion of parametric operator equations for the case of

multiple measurements. An improvement over standard averaging approaches is ob-
tained by formulating a multilevel Monte Carlo method, specifying optimal forward
solution tolerances per level. Based on recent bounds of convergence rates of adaptive
Smolyak quadratures in Bayesian inversion for single observation data, the bin sizes
in large sets of measured data are optimized and a rate of convergence of the error
vs. work is derived analytically and confirmed by numerical experiments.
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On shifted Laplace and related preconditioners for finite element
approximations of the Helmholtz equation

Ivan Graham, Departement of Mathematical Sciences University of Bath, UK

Abstract.
As a model problem for high-frequency wave scattering, we study the boundary

value problem
−(∆+ k2)u = f in Ω,

∂u
∂n

− iku = g on Γ,

}
(1)

where Ω is a bounded domain in Rd with boundary Γ . Our results also apply to
sound-soft scattering problems in truncated exterior domains. Finite element ap-
proximations of this problem for high wavenumber k are notoriously hard to solve.
The analysis of Krylov space-based iterative solvers such as GMRES is also hard,
since the corresponding system matrices are complex, non-Hermitian and usually
highly non-normal and so information about spectra and condition numbers of the
system matrices generally does not give much information about the convergence rate
of iterative methods.

Quite a lot of recent research has focussed on preconditioning (1) using an approx-
imate solution of the “shifted Laplace” problem

−(∆+ k2 + iε)u = f in Ω,
∂u
∂n

− iµ(k, ε)u = g on Γ,

}
(2)

for some function µ.
Let A,Aε denote the system matrices for discretizations of (1) and (2) respectively,

and let B−1
ε denote any (practically useful) approximate inverse for Aε. It is easy to

see that sufficient conditions for B−1
ε to be a good GMRES preconditioner for A are:

(i) A−1
ε should be a good preconditioner for A and (ii) B−1

ε should be a good precon-
ditioner for Aε. It is generally observed that (i) holds if the “absorption” parameter
ε > 0 is not taken too large, while (ii) holds (e.g. for geometric multigrid) provided
ε is large enough. However there is no rigorous explanation for these observations.

The first part of the talk will explore sufficient conditions on ε so that (i) holds.
This analysis uses techniques from PDE analysis of (1) and (2) in the high frequency
case.

In the second part of the talk we consider condition (ii), analysing the case when
B−1
ε is defined by classical additive Schwarz domain decomposition methods. The

analysis here is quite different to the classical analysis of Cai and Widlund, which
depends on k being sufficiently small. Here we use a coercivity argument in the natural
k−dependent energy norm to estimate the field of values of the preconditioned matrix.
This analysis holds for k arbitrarily large.

The analysis shows that there is a gap between the ranges of ε which ensure con-
ditions (i) and (ii). Practical exploration of the performance of the solver in the gap
suggests that efficient algorithms can still be constructed for solving this problem
with high wavenumber k using several variants of classical domain decomposition
methods. New directions for future analysis are also suggested by the experiments.
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A new approach for preconditioning discontinuous Galerkin
Discretizations

Soheil Hajian, Section de Mathématique, Université de Genève

Abstract.
Domain decomposition preconditioners and in particular the additive Schwarz

method are favourite preconditioners for classical finite element methods (FEM).
There is a huge effort in designing similar preconditioners for discontinuous Galerkin
(DG) discretizations. It has been shown that additive Schwarz methods use differ-
ent mechanism for convergence when applied to a DG discretization compared to
the classical FEM. More precisely, additive Schwarz methods, when applied to DG,
use a non-overlapping Robin transmission condition for the communication between
subdomains. This is exactly the same transmission condition that optimized Schwarz
methods (OSM) use to obtain fast convergence.

In this talk we present an OSM preconditioner for a particular DG discretization
along with theoretical convergence estimates.
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A two-level discretization technique for the computation of ground states
of Bose-Einstein condensates

Patrick Henning, Computational Mathematics and Numerical Analysis,
EPFL Lausanne

Abstract.
In this talk a new methodology is presented for the computation ground states of

Bose-Einstein condensates. The scheme is based on finite element discretizations
on two different scales of numerical resolution. In a pre-processing step, a low-
dimensional (coarse) generalized finite element space is constructed. It is based on
a local orthogonal decomposition and exhibits high approximation properties. The
non-linear eigenvalue problem that characterizes the ground state is solved by some
suitable iterative solver exclusively in this low-dimensional space, without loss of
accuracy when compared with the solution of the full fine scale problem. The pre-
processing step is independent of the types and numbers of bosons. A post-processing
step further improves the accuracy of the method. A priori error estimates predict
very high convergence rates of the scheme which can be also confirmed numerically.
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Numerical homogenization methods for nonlinear monotone parabolic
PDEs with multiple scales

Martin Huber, Computational Mathematics and Numerical Analysis,
EPFL Lausanne

Abstract.
In this talk we introduce two numerical homogenization methods for nonlinear

monotone parabolic multiscale problems with highly oscillatory data. We first pro-
pose a method combining the implicit Euler method in time with a finite element
heterogeneous multiscale method in space (coupling macro and micro solvers). This
method relies on nonlinear micro problems and might be expensive. As a remedy, we
propose a novel linearized scheme that is only based on linear micro problems. The
efficiency of the two methods is illustrated by numerical experiments. To conclude,
we comment on recently obtained optimal fully discrete a priori error estimates.

Joint work with Assyr Abdulle and Gilles Vilmart.



11

Entropy-stable space-time discontinuous Galerkin schemes for hyperbolic
conservation laws

Andreas Hiltebrand, Seminar of Applied Mathematics, ETH Zurich

Abstract.
We consider a space-time discontinuous Galerkin (DG) finite element method for

hyperbolic systems of conservation laws. To ensure entropy stability, the discretisa-
tion is done in entropy variables and entropy-stable numerical fluxes are used. Ad-
ditionally, a streamline diffusion and a shock-capturing term are included into the
formulation to suppress spurious oscillations at shocks. The approximate solutions
are shown to converge to an entropy measure valued solution for systems of conserva-
tion laws. Various numerical experiments demonstrate the robustness of the proposed
method. Furthermore, the fully discrete space-time formulation allows a local refine-
ment in space and time, which permits e.g. to capture shocks more sharply.
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A new approach to solve the inverse scattering problem for the wave
equation.

Marie Kray, Mathematisches Institut, Unibas

Abstract.
In paper [1], we propose a new method to solve the following inverse problem: we

aim at reconstructing, from boundary measurements, the location, the shape and the
wave propagation speed of an unknown inclusion surrounded by a medium whose
properties are known. Our strategy combines two methods recently developed by
the authors: 1. the Time-Reversed Absorbing Condition method (TRAC) first intro-
duced in [2]: It combines time reversal techniques and absorbing boundary conditions
to reconstruct and regularize the signal in a truncated domain that encloses the inclu-
sion. This enables one to reduce the size of computational domain where we solve the
inverse problem, now from virtual internal measurements. 2. the Adaptive Inversion
(AI) method initially proposed for the viscoelasticity equation in [3]: The originality
of this method comes from the parametrization of the problem. Instead of looking for
the value of the unknown parameter at each node of the mesh, it projects the param-
eter into a basis composed by eigenvectors of the Laplacian operator. Then, the AI
method uses an iterative process to adapt the mesh and the basis of eigenfunctions
from the previous approximation to improve the reconstruction.

The novelty of our work is threefold. Firstly, we present a new study on the regulariz-
ing power of the TRAC method. Secondly, we adapt the Adaptive Inversion method
to the case of the wave equation and we propose a new anisotropic version of the
iterative process. Finally, we present numerical examples to illustrate the efficiency
of the combination of both methods. In particular, our strategy allows (a) to reduce
the computational cost, (b) to stabilize the inverse problem and (c) to improve the
precision of the results. This is a joint work with Maya de Buhan, CNRS, UMR 8145,
MAP5, University Paris-Descartes, Sorbonne Paris Cité, France.

References:
[1] M. de Buhan and M. Kray, A new approach to solve the inverse scattering

problem for waves: combining the TRAC and the Adaptive Inversion methods, Inverse
Problems, 29(8), 085009, 2013.

[2] F. Assous, M. Kray, F. Nataf, and E. Turkel, Time Reversed Absorbing Condi-
tion: Application to inverse problem, Inverse Problems, 27(6), 065003, 2011.

[3] M. de Buhan and A. Osses, Logarithmic stability in determination of a 3D
viscoelastic coefficient and a numerical example, Inverse Problems, 26(9), 095006,
2010.
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Numerical approximations of stochastic partial differential equations
with superlinearly growing nonlinearities

Ryan Kurniawan, Institute for Mathematical Research, ETH Zurich

Abstract.
In this talk, we study numerical approximations of stochastic partial differential

equations (SPDEs) with superlinearly growing nonlinearities. In the first part of this
talk we give examples of some of such SPDEs, including stochastic Burgers equations,
stochastic Kuramoto-Sivashinsky equations, stochastic Navier-Stokes equations, and
spatially-extended stochastic FitzHugh-Nagumo equations.

In the second part of the talk we give an example of an SPDE such that the
corresponding exponential Euler and implicit-linear Euler approximation processes
diverge strongly.

In the third part of this talk we propose a new temporal numerical approximation
method. This method is a stopped version of the exponential Euler with an ex-
plicit stopping criterion. We refer to it as the nonlinearity-stopped exponential Euler
method. This method stops the approximation process when the norm of the drift
nonlinearity reaches some larger value than the reciprocal of the corresponding time
step size. In turn, this stops the approximations from diverging strongly. We show
that the nonlinearity-stopped exponential Euler method converges strongly without
rate in the Lp-norm for all pin(0, 2) to the SPDEs mentioned in the first part of this
talk.

Joint work with Martin Hutzenthaler and Arnulf Jentzen
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Computational simulation of heart function with an orthotropic active
strain model of electromechanics

Toni Lassila, Computational Mathematics and Numerical Analysis,
EPFL Lausanne

Abstract.
Fully integrated models of total heart function including the fluid dynamics inside

the ventricle are on the horizon as computational algorithms become more efficient,
allowing more comprehensive simulations of cardiovascular pathologies. Due to the
multiscale and multiphysics nature of heart activity, a careful consideration between
different algorithmic choices (monolithic vs. segregated, tightly vs. loosely coupled,
explicit vs. implicit) has to be made in order to obtain the best compromise between
stability and scalability. Our aim is to construct a baseline multiphysics integrated
heart model that can be used to study the interaction between four basic fields re-
lated to the heart function: the cell-level electrophysiology, the subcellular activation
mechanisms, the elastic deformation of the tissue, and (optionally) the ventricular
fluid mechanics.

To model the electromechanical muscle contraction we use a stretch-dependent ac-
tivation model based on thermodynamically consistent transversely anisotropic active
strain model that is able to capture correctly the transmural thickening of the tis-
sue. The passive mechanics model is adapted from the seminal work of Holzapfel and
Ogden and includes both fiber and sheet directional orthotropy. For the ventricular
fluid-solid coupling we opt for a monolithic approach as it provides in our experience
the best stability and computational efficiency for large displacement fluid-structure
interaction problems. Additional ongoing work is related to the modelling of heart
valves and their effect on ventricular fluid dynamics, in order to study e.g. the effect
of valve pathologies on the mechanical work performed by the ventricles.

A computational model for total heart function has been implemented in the open-
source finite element library LifeV (http://www.lifev.org) and recently released to
the public. It is based on parallel solvers for the electrophysiology, solid mechanics
and fluid mechanics subproblems. Mesh partitioning is performed with ParMETIS,
and the linear problems are solution strategy based on multigrid or algebraic additive
Schwarz preconditioners implemented within the Trilinos library.
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A fully discrete entropy conservative scheme for systems of conservation
laws

Filippo Leonardi, Seminar of Applied Mathematics, ETH Zurich

Abstract.
In this work, we present a finite difference numerical scheme for the solution of

systems of conservation laws. The scheme has the property of conserving a suitable
discretization of total entropy throughout time. In order to achieve high performance
in conservation of entropy, we exploit a combination of entropy conservative numer-
ical fluxes alongside with an implicit time stepping. Due to the implicit nature of
the scheme, we are able to compensate the computational cost of the scheme with
the removal of the restriction on the time stepping size. We provide examples of
computations with this approach to common systems of conservation laws.
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Fast convolution quadrature based impedance boundary conditions

Maria López-Fernández, Institute of Mathematics, University of Zurich

Abstract.
We consider an eddy current problem in time-domain relying on impedance bound-

ary conditions on the surface of the conductor(s). We pursue its full discretization
comprising (i) a finite element Galerkin discretization by means of lowest order edge
elements in space, and (ii) temporal discretization based on Runge-Kutta convolu-
tion quadrature (CQ) for the resulting Volterra integral equation in time. The final
algorithm also involves the fast and oblivious approximation of CQ.

For this method we give a comprehensive convergence analysis and establish that the
errors of spatial discretization, CQ and of its approximate realization add up to the
final error bound.
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A Bottom-Up Power Model Derivation for Linear Algebra Kernels on
BG/Q

A. Cristiano I. Malossi, IBM Research, Zurich

Abstract.
The power wall yields fine-grained estimation of applications power usage timely

and crucial for the design of policies and mechanisms that enable an energy-aware
execution of software. Towards this goal, we introduce a systematic methodology
to derive reliable time and power models for general kernels employing a bottom-up
approach. Following this strategy we can understand the contribution of the different
kernels to the total energy consumption of applications. In addition, we are able to
distinguish between the cost of fine-grain components such as arithmetic, memory
access, and overheads introduced by, e.g., multithreading or reductions. Indeed, sem-
inal works [1, 2, 3] demonstrate that a huge number of technical applications can be
decomposed in up to 7/13 “Dwarfs”, i.e., a small set of common kernels (code blocks).
Consequently, optimizing these Dwarfs for power and energy represents a crucial op-
portunity to directly impact a huge number of numerical libraries and applications.

To outline our new methodology, we initially focus on two key memory-bound
BLAS-1 vector kernels: the scalar product and the AXPY operation. Subsequently,
we show how these kernels can be composed to accurately predict the energy con-
sumption of more heterogeneous algorithms, such as the Conjugate Gradient method,
while tackling the elaborate memory hierarchy and the high degree of concurrency of
today’s processors, such as the IBM Power A2 chip employed by the Blue Gene/Q
supercomputer.

References:
[1]P. Colella. Defining software requirements for scientific computing. Slide of 2004

presentation included in David Patterson’s 2005 talk, 2004.
[2] F. Assous, M. Kray, F. Nataf, and E. Turkel, Time Reversed Absorbing Condi-

tion: Application to inverse problem, Inverse Problems, 27(6), 065003, 2011.
[3]M. de Buhan and A. Osses, Logarithmic stability in determination of a 3D vis-

coelastic coefficient and a numerical example, Inverse Problems, 26(9), 095006, 2010.
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Convergence of Substructuring Methods for Optimal Control Problems
with PDE Constraints

Bankim Mandal, Section de Mathématique, Université de Genève

Abstract.
Many types of PDEs can act as constraints within optimization problems, for exam-

ple elliptic, parabolic or hyperbolic ones. So, one needs to focus on the development
of fast and effective methods for their numerical solution. Domain decomposition
(DD) methods are often used as powerful parallel computing tools for large-scale op-
timization problems governed by PDEs. Matthias Heinkenschloss et al. [1] presented
the numerical behavior of a non-overlapping spatial DD method for the solution of
linear–quadratic parabolic optimal control problems, that arose in the determination
of groundwater pollutant sources from measurements of concentrations, and identifi-
cation of sources, or cooling processes in metallurgy. We analyze the behavior of such
spatial domain decomposition methods of substructuring type, and present a conver-
gence analysis for both forward and adjoint equations for a model problem. We also
present numerical results both for steady and time-dependent models to illustrate our
analysis.

References:
[1] Heinkenschloss, M. and Herty, M.,: A spatial domain decomposition method for

parabolic optimal control problems, J. Comput. Appl. Math., 88-101, 2007.
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Error of an eFDDM: What do matched asymptotic expansions teach us?

Jérôme Michaud, Section de Mathématique, Université de Genève

Abstract.
In this talk, we analyze the approximation error of an explicit Fuzzy Domain

Decomposition Method (eFDDM) developed by Gander and Michaud (2013) using
matched asymptotic expansions. An eFDDM is a heterogeneous domain decompo-
sition method based on Zadeh’s fuzzy set theory which results in an heterogeneous
domain decomposition method that uses a partition of unity for the coupling of sub-
domains at the differential operator level. Matched asymptotic expansions are based
on a similar idea but introduce the partition of unity at the solution level by re-
constructing the global approximated solution from solutions of different asymptotic
expansions of the initial equation. We will show how these two different approaches
are linked. We show that the global convergence of an eFDDM for a 1D advection
dominated diffusion problem with diffusion coefficient ν is globally of order O(ν) and
we have numerical evidence that the method is of order O(ν3/2) in the boundary
layer.

Gander and Martin (2012) have compared existing coupling methods with respect
to their order in the small diffusion parameter ν in the different subdomains. Our
results extend this comparison to include the eFDDM and show that the eFDDM is
a viable alternative to other coupling methods.
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Adaptive path-following methods for acoustic field computations with
proportional damping

Agnieszka Miedlar, Numerical Algorithms and High-Performance Computing,
EPFL Lausanne

Abstract.
We introduce a new approach combining the adaptive finite element method with

the homotopy method to determine the eigenvalues arising in problems from acoustic
field computations with proportional damping. The presented adaptive homotopy
approach emphasizes the need of the multi-way adaptation based on different errors,
i.e., the homotopy, the discretization and the iteration error. All our statements are
illustrated with several numerical examples.
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Runge-Kutta type Local Time-Stepping Methods for Electromagnetics

Michaela Mehlin, Mathematisches Institut, Unibas

Abstract.
The accurate and efficient numerical solution of Maxwelĺs equations is of funda-

mental importance in the simulation of electromagnetic waves. Locally refined meshes
appear in the presence of complex geometries to resolve small geometric features.
However, when mesh refinement is restricted to a small region, the use of implicit
methods, or a very small time step on the entire computational domain, are generally
too high a price to pay.

Starting from explicit Runge-Kutta (RK) methods, we propose high order explicit
local time-stepping (LTS) methods for the simulation of electromagnetic wave phe-
nomena. By using smaller time steps precisely where smaller elements in the mesh
are located, these LTS methods overcome the bottleneck in explicit time integration
caused by local mesh refinement, without sacrificing the explicitness, accuracy or
efficiency of the original RK method.

Numerical experiments in one and two dimensions validate the theoretical results
and illustrate the usefulness of the proposed time integration schemes.
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Crude estimate of velocity distributions from Truckenbrodt’s energy and
momentum coefficients

Herbert Niessner, Mathematik Informatik, Baden Ruetihof

Abstract.
One of the simplest models for the velocity distribution in a pipe cross-section de-

pendent on two parameters consists of two layers of different thickness and velocity.
Unfortunately relative thickness and velocity of the wall layer cannot be expressed an-
alytically in terms of Truckenbrodt’s energy and momentum coefficents. But relative
thicknesses of a three layer model with wall and intermediate layer having opposite
core and zero velocity can be. Reasonable in case of strong reverse wall flow only they
allow a crude estimate of the parameters of the two layer model, which may serve as
initial values in computing them iteratively.
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Optimal Number of Multilevel Monte Carlo Levels and there Fault
Tolerant Application

Stefan Pauli, Seminar of Applied Mathematics, ETH Zurich

Abstract.
A fault tolerant multilevel Monte Carlo (MLMC) method may be achieved by

recomputing samples lost by failures. We extend the MLMC theory to cover the
partial loss of samples, and introduce MLMC operating on sample fragments. Faults
influence the MLMC levels to different extends. Hence it is clever to choose the MLMC
parameters with respect to the failure probability. We propose to determine the
number of samples per level, the finest and the coarsest discretization level and hence
the number of levels by solving a discrete optimization problem, which minimizes
the MLMC work, or the total MLMC error. The optimization problem is posed and
solved generally, such that it is also applicable to standard fault-free MLMC methods.
Furthermore we present a fault tolerant algorithm based on experienced failures not
relaying on an a priori known failure distribution.
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Gas-Kinetic Schemes for Turbulent Flow

Marcello Righi, Institute of Mechanical Systems,
Zurich University of Applied Siences

Abstract.
Computational Fluid Dynamics (CFD) traditionally relies on Navier-Stokes equa-

tions. As is well known, in this set of equations, thermal fluctuations which cannot
be explicitly resolved are modeled by viscous dissipation. This practice is justified in
the continuum regime by the clear scale separation between resolved and unresolved
scales of motion. In the transitional and rarefied regimes, though, as the scales of
motion are not clearly separated everywhere, the validity of the Navier-Stokes equa-
tions is questioned. When it comes to turbulence modeling, unresolved (turbulent)
fluctuations are modeled on the basis of an assumed turbulent dissipation, be it under
the RANS or LES approach. Interestingly, there is no clear scale separation in this
case, as unresolved turbulence may be characterized by a wide spectrum. This study
investigates the application of a gas-kinetic scheme to the simulation of turbulent flow
and shows that it can overcome some of the accepted limitations of turbulent Navier-
Stokes schemes, namely the inability to correctly simulate the interaction between
shock waves and boundary layer. Gas-kinetic schemes are intrinsically multiscalar,
i.e. they can adjust as a function of the resolved-to-unresolved scales ratio.

I have published a few papers on the subject (Communications in Computational
Physics, Rarefied Gas Dynamics Conference, The Aeronautical Journal) and have
been accepted at the next AIAA Aviation 2014 conference.
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Rank bounds for QTT Approximations of Invariant Distributions in
Chemical Reaction Networks (CRNs)

Christoph Schwab, Seminar of Applied Mathematics, ETH Zurich

Abstract.
We consider the TT approximation of CRNs which arise, among others, in math-

ematical systems biology. We prove that the stationary distributions of CRNs with
deficiency zero in the sense of Feinberg admit numerical approximations in tensor
train formatted linear algebra whose complexity scales linearly with respect to the
number of molecular species in the network, and at most logarithmically in the copy-
number and the desired accuracy of approximation. We consider several widely used
models for the kinetics of CRNs, among them classical mass-action kinetics, Michaelis-
Menten kinetics and certain generalizations of these. Our result complements recent
work on the TT structured numerical simulation of the evolution of system states dis-
tribution (given by the Kolmogorov forward equation of the CRN, ie. the Chemical
Master Equation).

Joint work w. V. Kazeev (SAM, ETH, Switzerland), M. Khammash (D-BSSE, ETH,
Switzerland), M. Nip (Engineering, UCSB, USA)
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Finite Element Heterogeneous Multiscale Method for the Helmholtz
Equation in Complex Media

Christian Stohrer, Applied Mathematics Departement, ENSTA Paris Tech

Abstract.
Finite Element Heterogeneous Multiscale Method for the Helmholtz Equation in

Complex Media Standard numerical schemes for the solution of the classical Helmholtz
equation require the use of fine spatial discretizations which resolve all the details of
the underlaying medium. If it oscillates on a length scale epsilon much smaller than
the diameter of the domain such discretizations may lead to very high computational
costs.

In this talk we propose a Finite Element (FE) scheme within the framework of
Heterogeneous Multiscale Methods (HMM) to approximate the effective behavior
of the solutions. The fine discretization is only needed to solve micro problems on
sampling domains scaling with epsilon, but not on the entire computational domain.
Hence the schemes is computationally affordable. We establish a priori error bounds
for quasi-periodic media using well known results about FE-HMM and the notion of
T -coercivity to realize the inf-sup condition for the classical Helmholtz equation. We
conclude our talk with numerical examples corroborating the analytical findings and
an outlook on the generalization of the method to other complex media such as a
perforated domains and metamaterials.

This is a joint work with Patrick Ciarlet, Jr.
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Analysis of the Multi Level Monte Carlo method with Control Variate
applied to elliptic SPDEs

Franceso Tesei, Scientific computing and uncertainty quantification,
EPFL Lausanne

Abstract.
We consider the numerical approximation of a partial differential equation with

random coefficients. In particular we focus on a model problem given by an elliptic
partial differential equation in which the randomness is given by the diffusion coef-
ficient, modeled as a random field with limited spatial regularity. This approach is
inspired by the groundwater flow problem which has a great importance in hydrology.
Here we will focus on the case in which the log-permeability, that plays the role of
the diffusion coefficient, is modeled as a lognormal random field having a covariance
function belonging to the Matérn family.

In this work we propose to use a Multilevel Monte Carlo approach combined with
an additional control variate variance reduction technique on each level. We show
how, by properly choosing this control variate, it is possible to obtain a new unbiased
estimator for quantities of interest related to the solution of the partial differential
equation affected by a smaller variance with respect to the standard Multilevel Monte
Carlo case. In particular in our case we consider as control variate the solution of
an auxiliary problem having a smooth input random field highly correlated with the
original one.

We analyze the variance reduction induced by the control variate, the mean square
error of the new estimator and the overall complexity of the algorithm. Numerical ex-
amples demonstrate the effectiveness of the method. A comparison with the standard
Multi Level Monte Carlo method is also presented.
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Financial Modeling with non-standard Boundary Conditions

Robbin Tops, Seminar of Applied Mathematics, ETH Zurich

Abstract.
We consider an extension of the classical parabolic Black-Scholes PDE in financial

modeling in two space dimensions. We extend the classical setup by the consideration
of general Wenzell type boundary conditions, allowing for a second order differential
operator to act on the boundary of the domain. Such kind of operators naturally arise
in the consideration of stochastic processes on a domain with general behaviour at the
boundary, beyond pure absorption. Examples of possible applications include risky
assets entering or (re)emerging from different states of insolvency protection. We
prove well-posedness of the arising variational formulation and analyse the regularity
of the solution using semigroup theory. It can be shown that the corresponding
operators generates an analytic contraction semigroup. A numerical scheme for the
approximation of the solution of the corresponding problem is derived and numerical
examples are provided.

This is joint work with Professor Christoph Schwab.
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Asymptotic Analysis of a Best Approximation Problem for Maxwell
Transmission Conditions

Erwin Veneros, Section de Mathématique, Université de Genève

Abstract.
The optimization of transmission conditions (or absorbing boundary conditions) for

Maxwell’s equations leads to a best approximation problem of min-max type. These
problems are difficult to solve in closed form, especially in our case where we consider
discontinuous coefficients. We use asymptotic analysis to obtain explicit expressions
for the coefficients in the transmission conditions such that the min-max problem is
solved asymptotically, and we prove an equioscillation principle.
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Multi-revolution composition methods for highly oscillatory problems

Gilles Vilmart, Computational Mathematics and Numerical Analysis, EPFL
Lausanne

Abstract.
We introduce a class of time integrators for highly oscillatory systems of differential

equations. This numerical homogenization approach applies both to deterministic and
stochastic problems with general noncommutative noise. It is based on the micro-
macro framework of multi-revolution methods and benefits from the properties of
standard composition methods: it is intrinsically geometric and permits the design
integrators preserving exactly quadratic first integrals for instance. We prove global
error bounds uniformly with respect to the stiffness of the oscillations, which per-
mits to use large time steps. Numerical experiments, in particular for the nonlinear
Schroedinger equation, illustrate the theoretical results, as well as the efficiency and
versatility of the approach.

Based on joint work with P. Chartier, J. Makazaga, A. Murua.
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Numerical Modelling and Simulation of Systems from Biosciences

Gabriel Wittum, Goethe Center for Scientific Computing,
Goethe University of Frankfurt, D

Abstract.
Biological systems are distinguished by their enormous complexity and variability.

That is why mathematical modelling and computational simulation of those systems
is very difficult, in particular thinking of detailed models which are based on first
principles. The difficulties start with geometric modelling which needs to extract
basic structures from highly complex and variable phenotypes, on the other hand
also has to take the statistic variability into account. Moreover, the models of the
processes running on these geometries are not yet well established, since these are
equally complex and often couple many scales in space and time. Thus, simulating
such systems always means to put the whole frame to test, from modelling to the nu-
merical methods and software tools used for simulation. These need to be advanced
in connection with validating simulation results by comparing them to experiments.

To treat problems of this complexity, novel mathematical models, methods and soft-
ware tools are necessary. In recent years, such models, numerical methods and tools
have been developed, allowing to attack these problems. One of these tools is the
brandnew simulation system UG4. In the talk, we show several application examples
from biology, in particular modeling the barrier property of human skin and signal
processing in neurons.


