
Proseminar in Autumn Semester 2008

Convolution Quadrature

Lecturers : Prof. R. Hiptmair

: Dr. Carlos Jerez-Hanckes

Venue : HG E 41

Time : Mo 16:15-18:00

First session : 12.10.2009

Prep meeting : Mo 21.09.2008, 16:15, HG E 41

Contact : R. Hiptmair, hiptmair@sam.math.ethz.ch

: C. Jerez-Hanckes,

carlos.jerez.hanckes@sam.math.ethz.ch
Prerequisites : Knowledge of calculus and numerical methods

as acquired during the first two years of studies

in mathematics, RW/CSE, and physics
Audience : BSc/MSc Students of Mathematics, Physics,

RW/CSE, from the 3rd year
Description:

1



Convolution integrals like

(f ∗ g)(t) =

∫
t

0

f(t − τ)g(τ) dτ , t ≥ 0 ,

describe the response of causal linear time-invariant systems to an input signal g. The task is
to evaluate f ∗ g at discrete times approximately, when only the Laplace transform F (s) of
f(t) is known.

So-called convolution quadrature methods pioneered by C. Lubich serve this purpose and
will be the focus of this seminar. They are derived using the z-transform, complex analysis
techniques, and multi-step integration schemes for ordinary differential equations. This seminar
will study the theoretical foundations of these methods, their numerical analysis, efficient
implementation, and applications based on research publications.

Presentations:

The seminar will comprise up to 10 student presentations of a duration of about 60 minutes.
They should be partly based on PDF slides prepared using the BEAMER LATEXpackage (or
LATEXbased tools under MacOS). The presentations should be done using a laptop computer
(which can be provided). Speakers are advised to elaborate technical manipulations and proofs
on the blackboard. MATLAB demonstration of simple numerical experiments is expected when-
ever appropriate. The lecture slides in PDF format should be made available immediately after
the presentation.

Available topics (tentative)

1. The continuous and discrete Laplace transform [BR84, Sect I.1-I.10] [Jur82, Sect I.1-I.5],
Presentation slides by Jan Ernest

2. Numerical Laplace transform [Tal79,MR90,Wei06,DM79] [C.J.]

3. Multi-step integrators [DB02, Ch. 7], [HNW93, Sect III.1-II.4], [HW91, Sect. V.1] [R.H]

4. Convolution quadrature: Basics [Lub88a, Sect. 1], [Lub04, Sect. 1] [R.H.]

5. Convolution quadrature: Error analysis [Lub88a, Sect. 2-4], [Lub04, Sect. 2-3] [C.J.]

6. Convolution quadrature: Efficient implementation [Lub88b, Sect. 7], [Hen79] [R.H.]

7. Runge-Kutta convolution quadrature [LO93] [C.J.]

8. Application: Volterra integral equations [Lub85] and [Lub88b, Sect. 11] [C.J.]

9. Application: Absorbing boundary conditions [LS02] [R.H.]

10. Oblivious convolution quadrature [SLFL65] [R.H.]

11. Application: time-domain integral equations [AD+09,HKS09,SA97] [C.J.]

Dates for presentations:
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Date Speaker Topic #

26.10.2009 Jan C. Ernest 1
2.11.2009 [ R. Hiptmair ] 3
9.11.2009 Alberto D.M. Paganini 4

30.11.2009 Alejandro Ojeda-Gonzalez 5
7.12.2009 Andrey Pethukov 10

14.12.2009 Albert M. Altarovici 8
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