
Seminar in Spring Semester 2013

Shape Calculus

Lecturer : Prof. Ralf Hiptmair, D-MATH

Venue : HG E 33.3

Time : Tue 10-12

Language : English

Prep meeting : Tue, September 19, 2018, 10:15, HG E 33.3

Individual tutoring : Tue 8-10, HG G 58.2

First session : Tue, October 9, 2018

:

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

Prerequisites : Knowledge of analysis, elliptic partial differen-

tial equations and functional analysis; some fa-

miliarity with numerical methods for PDEs is

expected.

Audience : MSc/3rd year BSc Students of Mathematics

Description:

Sloppily speaking, shape calculus studies how to derive domain-dependent functionals and
functions with respect to variations of the domain. The prime example are solutions of bound-
ary value problems for partial differential equations, which are naturally associated with a
domain. The seminar will study several sections of monographs and research papers dealing
with analytical and numerical aspects of shape calculus.

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 and may also involve elaborations on the blackboard.
The lecture slides in PDF format should be made available immediately after the presentation.
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Quizz:

Participants of the seminar will be asked questions about the previous presentations at the
beginning of each session.

Available topics:

1. The velocity method and Eulerian shape gradients: Main reference [SZ92, Sect. 2.8–
2.11, 2.1, 2.18], covers the “velocity method”, the Hadamard structure theorem and
formulas for shape gradients of particular functionals. Several other sections of [SZ92,
Ch. 2] provide foundations and auxiliary results and should be browsed, too.

2. Material derivatives and shape derivatives, based on [SZ92, Sect. 2.25–2.32].

3. Shape calculus with exterior calculus, following [HL13] (without Sections 5 & 6). Based
on classical vector analysis the formulas are also derived in [SZ92, Sects 2,19,2.20]
and [DZ10, Ch. 9, Sect. 5]. Important background and supplementary information about
the shape Hessian can be found in [DZ91,BZ97] and [DZ10, Ch. 9, Sect. 6].

4. Shape derivatives of solutions of PDEs using exterior calculus [HL17], see also [HL13,
Sects. 5 & 6]. From the perspective of classical calculus the topic is partly covered
in [SZ92, Sects. 3.1-3.2].

5. Shape gradients under PDE constraints according to [Pag16, Sect. 2.1] including a
presentation of the adjoint method for differentiating constrained functionals [HPUU09,
Sect. 1.6]. Related information can be found in [DZ10, Ch. 10, Sect. 2.5] and [SZ92,
Sect. 3.3].

6. Approximation of shape gradients following [HPS14]. Comparison of discrete shape
gradients based on volume and boundary formulas, see also [DZ10, Ch. 10, Sect. 2.5].

7. Optimal shape design based on boundary integral equations following [Epp00b], with
some additional information provided in [Epp00a].

8. Convergence in elliptic shape optimization as discussed in [EHS07]. Relies on results
reported in [Epp00b] and [DP00]. Discusses Ritz-Galerkin discretization of optimality
conditions for normal displacement parameterization.

9. Shape optimization by pursuing diffeomorphisms according to [HP15], see also [Pag16,
Ch. 3] for more details, and [PWF17] for extensions.

10. Distributed shape derivative via averaged adjoint method following [LS16].

Speakers and dates for presentations:
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Date Speaker Topic #

09.10.2018 1
16.10.2018 2
23.10.2018 3
30.10.2018 4
06.11.2018 5
13.11.2018 6
20.11.2018 7
27.11.2018 8
04.12.2018 9
11.12.2018 10
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