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Abstracts



Analysis of Adaptive Eigenspace Approximations

Daniel Baffet (Universität Basel)

Co-authors:
Marcus J. Grote (Universität Basel)
Jet Tang (Universität Basel)

Abstract

The inverse medium problem is, in general, ill posed. Tikhonov-type regularization pro-
vides a method for obtaining a stable problem approximating the original problem of inter-
est. However, when solving the regularized problem numerically, one must solve a large
optimization problem whose size is determined by the number of degrees of freedom of
the spatial numerical discritization. A different approach to obtaining a stable approxi-
mation of the original inverse problem is to seek a solution in a finite dimensional space
of candidate functions. Ideally, this space should be adapted to the problem in order to
obtain a good approximation of the true solution while avoiding the costs of solving a
high dimensional optimization problem. This may be done, for example, when informa-
tion of the medium is available a priori. Thus, one comes to the question whether it is
possible to adaptively find an appropriate space of candidate functions or, equivalently,
an appropriate set of basis functions. One such method has been proposed in [1, 2].
In this method, at each step of the solution procedure, the basis functions are defined
as eigenfunctions of a linear operator which depends on the current approximation of
medium. The study of such a method should be divided, mainly, into two parts: the study
of approximations in the space of eigenfunctions of the operator associated with a given
medium, and the study of particular algorithms em- ploying such approximations for in-
verse medium problems. The topic of this talk will be the former. Specifically, we will
discuss some resent theoretical results regarding approximations of step functions, as
numerical evidence suggest that step functions may be approximated very efficiently in
this way.

References

[1] M. De Buhan and A. Osses. Logarithmic stability in determination of a 3D viscoelastic
coefficient and a numerical example. Inverse Probl., 26(9), 095006, 2010.

[2] M. J. Grote, M. Kray and U. Nahum. Adaptive Eigenspace Method for Inverse Scat-
tering Problems in the Frequency Domain. Inverse Probl., 33(2), 025006, 2017.
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Simulation-Based Anomaly Detection and Damage Localization:
an Application to Structural Health Monitoring

Caterina Bigoni (EPF Lausanne)

Co-author:
Jan S. Hesthaven (EPF Lausanne)

Abstract

We propose a simulation-based decision strategy for the proactive maintenance of com-
plex structures [1] with a particular application to structural health monitoring (SHM). The
strategy is based on a data-driven approach which exploits an offline-online decomposi-
tion. A synthetic dataset is constructed offline by solving a parametric time-dependent
partial differential equation for multiple input parameters, sampled from their natural vari-
ation probability distributions. The collected time-signals, extracted at sensor locations,
are used to train classifiers at such sensor locations, thus constructing multiple databases
of healthy configurations. These datasets are then used to train one class Support Vector
Machines (OC-SVMs) to detect anomalies. During the online stage, a new measurement,
possibly obtained from a damaged configuration, is evaluated using the classifiers. Infor-
mation on damage is provided in a hierarchical manner: first, using a binary feedback,
the entire structure response is either classified as inlier (healthy) or outlier (damaged).
Then, for the outliers, we exploit the outputs of multiple classifiers to retrieve information
both on the severity and the spatial location of the damages. Because of the large num-
ber of signals needed to construct the datasets offline, a model order reduction strategy is
implemented to reduce the computational burden. We apply this strategy to both 2D and
3D problems to mimic the vibrational behavior of complex structures under the effect of
an active source and show the effectiveness of the approach for detecting and localizing
cracks.

References

[1] C. Bigoni and J. S. Hesthaven. Simulation-Based Anomaly Detection and Damage
Localization: an Application to Structural Health Monitoring. In preparation.
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A Periodic Map for Linear
Barycentric Rational Trigonometric Interpolation

Giacomo Elefante (Université de Fribourg)

Co-author:
Jean-Paul Berrut (Université de Fribourg)

Abstract

Let θ be the set of equidistant nodes in [0, 2π),

θk =
2πk

n
, k = 0, . . . , n− 1. (1)

For an arbitrary 2π–periodic function f(θ), the barycentric formula for the correspond-
ing trigonometric interpolant between the θk’s is

T [f ](θ) =

∑n−1
k=0(−1)k cst( θ−θk2 ) f(θk)∑n−1

i=0 (−1)i cst(
θ−θi
2 )

, (2)

where cst(·) := ctg(·) if the number of nodes n is even, and cst(·) := csc(·) if is odd.
Baltensperger [1] has shown that the corresponding barycentric rational trigonometic

interpolant (2) between arbitrary nodes introduced in [2] converges exponentially toward
f when the nodes are the images of the θk’s under a periodic conformal map.

In the present work, we present a simple periodic conformal map which accumulates
nodes in the neighborhood of an arbitrarily located front, as well as its extension to several
fronts. Despite its simplicity, this map allows for a very accurate approximation of smooth
periodic functions with steep gradients.

References

[1] R. Baltensperger. Some results on linear rational trigonometric interpolation. Comput.
Math. Appl., 43, 737–746, 2002.

[2] J.-P. Berrut. Rational functions for guaranteed and experimentally well-conditioned
global interpolation. Comput. Math. Appl., 15, 1–16, 1988.
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Full-vector Numerical Simulation of Free-Electron Lasers

Arya Fallahi (ETH Zürich)

Abstract

Free Electron Lasers (FELs) are a solution for providing intense, coherent and bright ra-
diation in the hard X-ray regime [1]. Due to the low wall-plug efficiency of FEL facilities, it
is crucial and additionally very useful to develop complete and accurate simulation tools
for better optimizing a FEL interaction. The highly sophisticated dynamics involved in
a FEL process was the main obstacle hindering the development of general simulation
tools for this problem. In this contribution, a numerical algorithm based on finite difference
time domain/Particle in cell (FDTD/PIC) in a Lorentz boosted coordinate system which is
able to fulfil a full-wave simulation of a FEL process [2]. The developed software offers
a suitable tool for the analysis of FEL interactions without considering any of the usual
approximations. A coordinate transformation to bunch rest frame makes the very differ-
ent length scales of bunch size, optical wavelengths and the undulator period transform to
values with the same order. Consequently, FDTD/PIC simulations in conjunction with effi-
cient parallelization techniques make the full-wave simulation feasible using the available
computational resources. Several examples of free electron lasers are analyzed using
the developed software, the results are benchmarked based on standard FEL codes and
discussed in detail.

References

[1] P. Schmüser, M. Dohlus and J. Rossbach. Ultraviolet and soft X-ray free-electron
lasers: introduction to physical principles, experimental results, technological chal-
lenges. Springer-Verlag Berlin Heidelberg, 2009.

[2] A. Fallahi, A. Yahaghi and F. X. Kärtner. MITHRA 1.0: A full-wave simulation tool for
free electron lasers. Comput. Phys. Commun., 228, 192–208, 2018.
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Analytical and Numerical Methods in Shape Optimization

Helmut Harbrecht (Universität Basel)

Abstract

Shape optimization is indispensable for designing and constructing industrial compo-
nents. Many problems that arise in application, particularly in structural mechanics and
in the optimal control of distributed parameter systems, can be formulated as the mini-
mization of functionals which are defined over a class of admissible domains.

The application of gradient based minimization algorithms involves the shape func-
tionals’ derivative with respect to the domain under consideration. Such derivatives can
analytically be computed by means of shape calculus and enable the paradigm first opti-
mize then discretize. Especially, by identifying the sought domain with a parametrization
of its boundary, the solution of the shape optimization problem will be equivalent to solving
a nonlinear pseudodifferential equation for the unknown parametrization.

The present talk aims at surveying on analytical and numerical methods for shape op-
timization. In particular, besides several applications of shape optimization, the following
items will be addressed:

• first and second order optimality conditions

• discretization of shapes

• existence and convergence of approximate shapes

• efficient numerical techniques to compute the state equation
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Derandomised Lattice Rules for High Dimensional Integration

Yoshihito Kazashi (EPF Lausanne)

Co-authors:
Frances Y. Kuo (University of New South Wales)
Ian H. Sloan (University of New South Wales)

Abstract

We seek shifted lattice rules that are good for high dimensional integration over the unit
cube in the setting of an unanchored weighted Sobolev space of functions with square-
integrable mixed first derivatives. Many existing studies rely on random shifting of the
lattice, whereas here we work with lattice rules with a deterministic shift. Specifically,
we consider “half-shifted” rules, in which each component of the shift is an odd multiple
of 1/(2N), where N is the number of points in the lattice. We show, by applying the
principle that there is always at least one choice as good as the average, that for a given
generating vector there exists a half-shifted rule whose squared worst-case error differs
from the shift-averaged squared worst-case error by a term of order only 1/N2. Numerical
experiments, in which the generating vector is chosen component-by-component (CBC)
as for randomly shifted lattices and then the shift by a new “CBC for shift” algorithm, yield
encouraging results.

References

[1] Y. Kazashi, F. K. Kuo and I. H. Sloan. Derandomised lattice rules for high dimensional
integration. arXiv:1903.05145, 2019.

[2] Y. Kazashi, F. K. Kuo and I. H. Sloan. Worst-case error for unshifted lattice rules
without randomisation. arXiv:1811.05676, 2018.
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Cluster Partitions and Fitness Landscapes of the Drosophila Fly Microbiome

Lisa Lamberti (ETH Zürich)

Co-authors:
Holger Eble (TU Berlin)
Michael Joswig (TU Berlin)
William B. Ludington (Carnegie Institution for Science)

Abstract

The concept of genetic epistasis defines an interaction between two genetic loci as the
degree of non-additivity in their phenotypes. A fitness landscape describes the pheno-
types over many genetic loci, and the shape of this landscape can be used to predict evo-
lutionary trajectories. Epistasis in a fitness landscape makes prediction of evolutionary
trajectories more complex because the interactions between loci can produce local fitness
peaks or troughs, which changes the likelihood of different paths. While various mathe-
matical frameworks have been proposed to calculate the shapes of fitness landscapes,
Beerenwinkel et al. [1, 2] suggested studying regular subdivisions of convex polytopes.
In this sense, each locus provides one dimension, so that the genotypes form a cube with
the number of dimensions equal to the number of genetic loci considered. The fitness
landscape is a height function on the coordinates of the cube. In recent work [3], we pro-
pose cluster partitions and cluster filtrations of fitness landscapes as a new mathematical
tool, which provides a concise combinatorial way of processing metric information from
epistatic interactions. Furthermore, we extend the calculation of genetic interactions to
consider interactions between microbial taxa in the gut microbiome of Drosophila fruit
flies. We demonstrate similarities with and differences to the previous approach. As one
outcome we locate interesting epistatic information on the fitness landscape where the
previous approach is less conclusive.

References

[1] N. Beerenwinkel, L. Pachter and B. Sturmfels. Epistasis and shapes of fitness land-
scapes. Statist. Sinica, 17(4), 1317–1342, 2007.

[2] N. Beerenwinkel, L. Pachter, B. Sturmfels, S. F. Elena and R. E. Lenski. Analysis of
epistatic interactions and fitness landscapes using a new geometric approach. BMC
Evolutionary Biology, 7(1), 60, 2007.

[3] H. Eble, M. Joswig, L. Lamberti and W. Ludington. Cluster partitions and fitness
landscapes of the Drosophila fly microbiome. arXiv:1809.02533, 2018.
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Fourier Analysis of a Two Level Non-overlapping Schwarz Preconditioner for the
Solution of a DG Discretization of a Reaction Diffusion Equation

José Pablo Lucero Lorca (Université de Genève)

Co-author:
Martin J. Gander (Université de Genève)

Abstract

Reaction-diffusion equations are differential equations arising from one of the most
basic interactions in nature: reaction models the interchange of a substance from one
type to another, and diffusion its displacement from a point to its neighborhood.

We study the optimization of a non-overlapping Schwarz preconditioner to solve a
symmetric interior penalty discontinuous Galerkin discretized, singularly perturbed reaction-
diffusion equation in 1D, using linear finite elements.

Previous analysis of these kind of preconditioners have been performed by Hemker
et. al. [1, 2] for the Laplace operator. Our main result is the extension to reaction-diffusion,
using local Fourier analysis.

References

[1] P. Hemker, W. Hoffmann and M. H. van Raalte. Two-level fourier analysis of a multigrid
approach for a discontinuous Galerkin discretization. SIAM J. Sci. Comput., 25(3),
1018–1041, 2003.

[2] P. Hemker, W. Hoffmann and M. H. van Raalte. Fourier two-level analysis for a dis-
continuous Galerkin discretization with linear elements. Nume. Linear Algebra Appl.,
11(5–6):473–491, 2004.
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Analytic Regularity and Exponential Convergence: from Quantum Chemistry to
Fluid Dynamics

Carlo Marcati (ETH Zürich)

Co-authors:
Christoph Schwab (ETH Zürich)
Yvon Maday (Sorbonne Université)

Abstract

Many problems in physics can be described by models whose solution is not regular in
a classical Sobolev sense. This is the case, for example, of the computation of electronic
wave functions in quantum chemistry –where the Coulomb interaction between charged
particles gives rise to cusps in the solution– and of elliptic equations in domains with
corners, which exhibit the same kind of singularity. We often can, nonetheless, show
that these functions belong to a class of analytic-type weighted Sobolev spaces. For this
class of functions, graded hp finite element methods provide exponentially convergent
numerical solutions. In this talk, we show weighted analytic estimates on the solutions
of Schrödinger-type nonlinear elliptic eigenvalue problems [1, 2] and of the stationary
Navier-Stokes equations in polygonal domains [3]. We also give an overview of graded
hp methods, with a priori estimates on their convergence, and show some numerical
tests that confirm the theoretical results and give further insight over the behaviour of the
approximation.

References

[1] Y. Maday and C. Marcati. Regularity and hp discontinuous Galerkin finite element
approximation of linear elliptic eigenvalue problems with singular potentials. In Press,
2018.

[2] C. Marcati. Discontinuous hp finite element methods for elliptic eigenvalue problems
with singular potentials. Thesis Sorbonne Université, 2018.

[3] C. Marcati and Ch. Schwab. Analytic regularity for the Navier-Stokes equations in
polygons. Technical Report 2019-12, SAM ETH Zürich, 2019.
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A Fictitious Domain Formulation for Fluid-structure Interaction with Contact
Mechanics

Maria Giuseppina Chiara Nestola (USI Lugano, ETH Zürich)

Co-authors:
Patrick Zulian (USI Lugano)
Rolf Krause (USI Lugano)

Abstract

We present an embedded approach for the numerical solution of contact problems be-
tween multiple elastic structures immersed in a fluid flow. This approach is designed
to simulate the full dynamics of a bio-prosthetic heart valve during the whole heartbeat.
We model the blood-valve interaction, the blood-aortic wall interaction, and the contact
among leaflets during the valve closure.

The solid bodies are modeled as hyperelastic anisotropic materials, whereas the fluid
is regarded as an incompressible and viscous flow in a transitional regime. The math-
ematical modeling of such material properties and the contact mechanics give rise to a
large-scale nonlinear problem which is both challenging and computationally expensive
to solve. Therefore, it is necessary to design flexible and parallel approaches, which
ensure efficiency, stability, and convergence.

For both structure and fluid, our approach relies on the finite element method, and it is
inspired by the Fictitious Domain Method for their interaction. We employ a local version
of the L2-projections for handling the fluid-structure volumetric coupling and a variant of
the mortar method for coupling the surfaces of the structures in contact. All the non-
linear subproblems are accurately solved independently in a staggered manner with fully
parallel techniques.

The main contributions of the proposed methodology are:

(1) The large deformation contact problem is based on mortar the approach to obtain
a well-posed and computationally feasible variational formulation.

(2) Our method allows for the transfer of discrete fields between the fluid and the
solid meshes, which are geometrically non-conforming and are arbitrarily distributed
among processors.

(3) The whole solid structure, comprising the bio-prosthetic heart valve (BHV) and
aorta, is modeled as a hyperelastic material.

(4) A comparison between pure structural mechanics and fluid-structure interaction
simulations highlights the differences in both the dynamic behavior of the BHV and
stresses distribution in the leaflets.

References

[1] M. G. C. Nestola, P. Zulian, L. Gaedke-Merzhauser and R. Krause An embedded
formulation for fluid-structure interaction with contact. Submitted, 2019.

14



[2] C. Hesch, A. Gil, A. A. Carreño, J. Bonet and P. Betsch. A mortar approach for fluid-
structure interaction problems: Immersed strategies for deformable and rigid bodies.
Comput. Method Appl. M., 278, 853–882, 2014.

[3] D. Boffi and L. Gastaldi. Finite element approach for the immersed boundary method.
Comput. Struct., 81(8), 491–501, 2003.

[4] C. Hesch and P. Betsch. A comparison of computational methods for large defor-
mation contact problems of flexible bodies. J. Appl. Math. Mech., 86(10), 818–827,
2006.
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Deep ReLU Networks and High-Order Finite Element Methods

Joost A. A. Opschoor (ETH Zürich)

Co-authors:
Philipp C. Petersen (University of Oxford)
Christoph Schwab (ETH Zürich)

Abstract

Approximation rate bounds for expressions of real-valued functions on intervals by deep
neural networks (DNNs for short) are established. The approximation results are given for
DNNs based on ReLU activation functions, and the approximation error is measured with
respect to Sobolev norms. It is shown that ReLU DNNs allow for essentially the same
approximation rates as nonlinear, variable-order, free-knot (or so-called “hp-adaptive”)
spline approximations and spectral approximations, for a wide range of Sobolev and
Besov spaces. In particular, exponential convergence rates in terms of the DNN size
for piecewise Gevrey functions with point singularities are established. Combined with
recent results on ReLU DNN expression of rational, oscillatory, and high-dimensional
functions, this corroborates that ReLU DNNs match the approximation power of “best in
class” schemes for a wide range of approximations.

References

[1] J. A. A. Opschoor, P. C. Petersen and Ch. Schwab. Deep ReLU Networks and High-
Order Finite Element Methods. Technical Report 2019-07, SAM ETH Zürich, 2019.
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Randomized Recompression of Low-rank Tensors

Lana Periša (EPF Lausanne)

Co-author:
Daniel Kressner (EPF Lausanne)

Abstract

Many basic linear algebra operations with low-rank tensors, like addition, matrix-vector
multiplication or element-wise product, have a tendency to significantly increase the rank,
even though the resulting tensors admit a good low-rank approximation. We use random-
ized algorithm to recompress these tensors when dealing with low-rank formats such
as Tucker and Tensor Train, by employing random vectors with rank-1 structure which
matches the structure of the tensors. In case of element-wise product of tensors, this has
shown to significantly reduce the computational effort, while achieving a similar accuracy
as the corresponding deterministic techniques.
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Localized Reduced Basis Domain Decomposition Methods

Stephan Rave (Universität Münster)

Co-authors:
Andreas Buhr (Universität Münster)
Martin J. Gander (Université de Genève)
Mario Ohlberger (Universität Münster)
Felix Schindler (Universität Münster)

Abstract

Snapshot-based model order reduction techniques such as Reduced Basis (RB) methods
(e.g. [1]) have been successfully applied in a wide range of application areas to obtain
online efficient parametrized reduced order models (ROMs) which can act as a high-
quality surrogate for the full order model (FOM) in many-query or realtime simulation
applications. However, in many practical cases the computational effort for the creation
of the ROM must be taken into account. For very large problems, even the computation
of few solution snapshots of the FOM can be prohibitively expensive.

Recently, several localized RB techniques have been studied which aim at mitigating
this issue by constructing local reduced approximation spaces by a spatial partitioning
of the computational domain and solving adequate local problems on the individual sub-
domains. In [2] (and references therein) a Localized Reduced Basis Multiscale Method
(LRBMS) was introduced in the context of elliptic multiscale problems, which is based on
a discontinu- ous Galerkin coupling of the localized reduced order systems at the domain
interfaces. In [3] the ArbiLoMod method was introduced which is based on a conforming
coupling of the subdomains via additional subdomain interface approximation spaces.

While originally motivated by the theory of numerical multiscale methods, both schemes
show striking similarities with two-level Schwarz domain decomposition (DD) methods. In
particular, the iterative online enrichment procedures in these schemes yield approxima-
tion spaces strongly related to the spaces appearing in Krylov methods with appropriate
Schwarz pre- conditioning. Moreover, the interface spaces considered in the ArbiLo-
Mod method are constructed very similarly to the spectral harmonically enriched coarse
spaces appearing in [4].

In this contribution I will give a brief overview on the current state of localized RB
techniques and discuss their relation with DD methods. Further, I will present recent
work on the convergence of online enrichment in localized RB schemes using techniques
from the analysis of DD methods.

References

[1] A. Quarteroni, A. Manzoni and F. Negri. Reduced Basis Methods for Partial Differ-
ential Equations. Volume 92 of La Matematica per il 3+2. Springer International
Publishing, 2016.

[2] M. Ohlberger and F. Schindler. Error control for the localized reduced basis multi-
scale method with adaptive on-line enrichment. SIAM J. Sci. Comput., 37(6), A2865–
A2895, 2015.
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[3] A. Buhr, C. Engwer, M. Ohlberger and S. Rave. ArbiLoMod, a simulation technique
designed for arbitrary local modifications. SIAM J. Sci. Comput., 39(4):A1435–A1465,
2017.

[4] M. J. Gander, A. Loneland and T. Rahman. Analysis of a new harmonically enriched
multiscale coarse space for domain decomposition methods. arXiv:1512.05285v1,
2015.
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The Role and Importance of Sparse Matrices in Statistics

Håvard Rue (KAUST Saudi Arabia)

Abstract

The common tool for dealing with dependence in statistics, is linear dependence de-
scribed through covariance or it scaled version, correlation. In this framework, a zero
in the correlation matrix indicate independence, which is a very strong property and not
something we would aim for in statistical models. A weaker version of linear dependence,
is conditional independence. This corresponds to the inverse correlation matrix called
the precision matrix. A zero in the precision matrix corresponds to conditional indepen-
dence. These matrices can be very sparse although all random variables are dependent.
Moving on to additive (generalised) regression models and the class of latent Gaussian
models, then precision matrices has this amazing sparsity preserving property which we
can utilise when we construct models and also when we do the estimation/inference.
Within this class, we can construct very accurate approximations using nested Laplace
approximations, whose success depends critically on (parallel) numerical methods for
large sparse symmetric matrices. The operations needed are (sparse) Cholesky decom-
position, linear solves of various types, log-determinants and selected inversion. I will
show some application of its usage, the typical structures of the sparse matrices in these
applications, discuss the link to solving PDEs with FEMs and future plans.
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Multilevel Quadrature for Elliptic Problems on Random Domains by the Coupling
of FEM and BEM

Marc Schmidlin (Universität Basel)

Co-author:
Helmut Harbrecht (Universität Basel)

Abstract

Elliptic boundary value problems which are posed on a random domain can be mapped to
a fixed, nominal domain. The randomness is thus transferred to the diffusion matrix and
the loading. While this domain mapping method is quite efficient for theory and practice,
since only a single domain discretisation is needed, it also requires the knowledge of the
domain mapping.

However, in certain applications the random domain is only described by its random
boundary, i.e. the domain mapping is only known for the boundary, while the quantity of
interest is defined on a fixed, deterministic subdomain. In this setting, it thus becomes
necessary to extend the domain mapping from the boundary to the whole domain, such
that the domain mapping is the identity on the fixed subdomain.

To overcome the necessity of computing the extension, we therefore couple the finite
element method on the fixed subdomain with the boundary element method on the ran-
dom boundary. We verify the required regularity of the solution with respect to the random
perturbation field for the use of multilevel quadrature, derive the coupling formulation, and
show by numerical results that the approach is feasible.

References

[1] H. Harbrecht and M. Schmidlin. Multilevel quadrature for elliptic problems on random
domains by the coupling of FEM and BEM. arXiv:1802.05966, 2018.
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Structure-preserving Integrators for Dissipative Systems Based on
Reversible-irreversible Splitting

Xiaocheng Shang (ETH Zürich)

Co-author:
Hans Christian Öttinger (ETH Zürich)

Abstract

We study the optimal design of numerical integrators for dissipative systems, for which
there exists an underlying thermodynamic structure known as GENERIC (General Equa-
tion for the NonEquilibrium Reversible-Irreversible Coupling). We present a framework to
construct structure-preserving integrators by splitting the system into reversible and irre-
versible parts. The reversible part is often degenerate and its symplectic leaf is solved by
using a symplectic method (e.g., Verlet) with degenerate variables being left unchanged,
for which an associated modified Hamiltonian in the form of a series expansion can be ob-
tained by using backward error analysis. The modified Hamiltonian is then used to adjust
the irreversible part in such a way that the modified total energy for the whole system can
be conserved. Our findings are verified by various numerical experiments, demonstrat-
ing the superiority of structure-preserving integrators over alternative schemes in terms
of not only the accuracy control of both energy conservation and entropy production but
also the preservation of the conformal symplectic structure for the conformal vector field
in the case of linearly damped systems.

References

[1] X. Shang and H. C. Öttinger. Structure-Preserving Integrators for Dissipative Systems
Based on Reversible-Irreversible Splitting. arXiv:1804.05114, 2018.

[2] H. C. Öttinger. GENERIC Integrators: Structure Preserving Time Integration for
Thermodynamic Systems. Journal of Non-Equilibrium Thermodynamics, 43, 89–100,
2018.
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Implicit–explicit High Order Schemes for Relaxation Hyperbolic Problems

Davide Torlo (Universität Zürich)

Co-author:
Rémi Abgrall (Universität Zürich)

Abstract

Many physical models largely used in numerical analysis are macroscopic limits of re-
laxation models, for example Euler and Navier-Stokes are limits of Boltzmann equation.
Many other systems present a relaxation given by some physical parameters, for instance
viscoelasticity problems, multiphase flows. Others contain an artificial relaxation term to
add viscosity. The scope of our schemes is to solve a class of hyperbolic relaxation
problems, which contain stiff source terms. Moreover, we want to obtain a scheme high
order accurate in space and time, using the residual distribution formulation for the space
discretization and the deferred correction method to obtain a high order time integration.
[1]

To deal with stiff relaxation terms, we have to recur to an implicit treatment of this
source term, not to recur to extremely small unfeasible discretization scales. The IMEX
(implicit explicit) discretization we propose, treats the stiff source implicitly and the other
terms explicitly. The accuracy in time obtained with this procedure is first order. [7]

The high order accuracy in time is given by the Deferred Correction (DeC) method
[2, 3, 6], which combines two schemes (an IMEX first order and a high order fully implicit)
in an iterative way, leading to a high order easily solvable scheme. This algorithm is quite
general and it does not need special care for different order of accuracy, in contrast with
IMEX Runge-Kutta (RK) methods, where each order corresponds to a different set of
weights.

For space discretization we use Residual Distribution schemes (RD) [2, 5]. These
can be shaped into different well known finite volume, finite differences or finite element
schemes. They are very versatile, with compact stencil and require only a loop through
the elements of the mesh and one through the degrees of freedom to be computed. The
final scheme obtained is proven to be asymptotic preserving, i.e., it is able to automati-
cally switch from the microscopic to the macroscopic regime accordingly to the relaxation
parameters. We tested it with various test cases, in particular with a kinetic model pro-
posed by [4], where any hyperbolic system can be recast into a bigger relaxation problem
with extra diffusion given by the relaxation terms. Other models are tested and presented,
both in 1D and 2D for different order of accuracy, showing the quality of the scheme.
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Abstract

We present a stability analysis for the lossy Helmholtz equation with Robin type boundary
conditions. We establish estimates which are explicit with respect to the real and imagi-
nary part of the complex wavenumber ζ ∈ C,Re ζ ≥ 0, |ζ| ≥ 1. For the two extreme cases
ζ = −ik and ζ = ν, k ∈ R, ν ∈ R≥0, a fairly complete theory for standard Galerkin hp-finite
elements is available (see [1, 2] for the case ζ = −ik). The estimates we present coincide
with the existing estimates in the literature in the extreme cases and exhibit a seamless
transition in the right complex half plane. We present numerical examples, illustrating the
application of our analysis in the context of hp-FEM.
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Abstract

Optimized Schwarz methods (OSMs) are domain-decomposition methods based on en-
hanced transmission conditions which are optimized in order to accelerate the conver-
gence. We define a two-level OSM where the transmission conditions are tuned not to
improve the convergence behaviour but instead the smoothing property of the iterative
scheme. We present a convergence analysis both with overlap and without overlap in
a two-level setting, which also suggests how to choose the optimized parameters. We
then generalize the two-level method defining a multilevel domain decomposition method
which uses the OSM as a smoother on each level. The main advantange of the method
consists in the robustness and generality with respect to the equations under study. In
fact, we can define a unique algorithm which can be applied to several equations, both
homogeneous and heterogeneous. We present extensive numerical results to compare
the multilevel OSM, the one-level OSM and the multigrid scheme. The experiments show
that the multilevel OSM inherits robustness from the one-level OSM for heterogeneous
elliptic problems, wave problems and heterogeneous couplings. Finally we apply the
method to design a two-level solver for the heterogeneous Stokes-Darcy system.
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Abstract

Optimizing an expensive, black-box function f(·) is challenging when its input space
is high-dimensional. In a sequential design framework, we first model f(·) with a Gaus-
sian Process surrogate model and then optimize the Expected Improvement acquisition
function [3] to determine the input settings to evaluate next. Optimization of both the
surrogate model and the acquisition function benefit from effective dimension reduction.
Global variable selection [2] detects and removes input variables that do not affect f(·)
across the input space. Further dimension reduction may be possible if we consider local
variable selection around the current optimum estimate. We develop a sequential design
algorithm called Sequential Optimization in Locally Important Dimensions (SOLID) that
incorporates global and local variable selection to optimize a continuous, differentiable
function. SOLID performs local variable selection by comparing the surrogate’s predic-
tions in a localized region around the estimated optimum with the alternative predictions
made by removing each input variable. The search space of the acquisition function is
further restricted to focus only on the variables that are deemed locally active, leading to
greater emphasis on refining the surrogate model in locally active dimensions. A simula-
tion study across three test functions and an application to the Sarcos robot dataset [1]
show that SOLID outperforms conventional approaches.
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