
Mini-Workshop:
Optimization in Engineering
and Natural Sciences

Where: Gamle elektro, G-144
When: 10:30–12:30 April 2, 2014

Objective
The main goal of this mini-workshop is to bring
together engineers and applied mathematicians
interested in research, development, and practical
applications of optimization methods in all engi-
neering disciplines. Additionally we want to es-
tablish a forum of interdisciplinary exchange in
modelling, simulation, and optimization (MSO).

A follow-up event with contributions of col-
leagues from other faculties interested in MSO is
planned for the fall 2014.

Registration
Please send an e-mail with sub-
ject line “Optimization Workshop” to
<anton.evgrafov@math.ntnu.no> by March 28,
2014.

Background
Department of Mathematical Sciences at NTNU
has made a strategic decision to strengthen its
position in the field of optimization by forming
a new research group and hiring three new fac-
ulty members in this scientific area. This mini-
workshop also serves as an opportunity to learn
about the new competence area at the department.

Program
10:30 –10:40 Einar Rønquist1

Welcome and opening words

10:40 –11:00 Markus Grasmair1

Non-smooth methods in inverse and ill-posed
problems

11:05 –11:25 Dietmar Hömberg1.2

From dilatometer experiments to distortion com-
pensation – optimal control problems related to
solid-solid phase transitions

11:30 –11:50 Anton Evgrafov1

Optimal design of wave-propagation systems:
topology and isogeometric shape optimization
approaches

11:50 –12:30 Everyone
Lunch and discussion

1: Department of Mathematical Sciences, NTNU
2: Weierstrass Institute for Applied Analysis and Stochas-

tics (Berlin, Germany)



Markus Grasmair
Non-smooth methods in inverse and ill-posed prob-
lems
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Classically, inverse and ill-posed problems have
mostly been treated with smooth regularization meth-
ods, the most important of which is Tikhonov regu-
larization with regularization terms of Sobolev type.
In the case of linear inverse problems, this has the
great advantage of leading to quadratic optimization
problems and, consequently, to linear optimality con-
ditions. However, this approach also leads usually to
smooth solutions that are not very realistic in many
applications. In particular, Sobolev type regulariza-
tion methods are unable to detect or reconstruct jump
discontinuities.

As an alternative, it is possible to use non-smooth reg-
ularization techniques, for instance methods based on
the total variation, which allows for sharp edges in
the solutions and thus can be used for the detection
of phase transitions. Recently, there has also been
an increasing interest in sparsity enhancing methods.
These approaches are usually computationally more
difficult than classical regularization techniques, but
can be worth the effort because of the improved solu-
tions. In this talk I will give a short overview of these
methods and the results that are to be expected, and I
will also present some numerical examples.

Dietmar Hömberg
From dilatometer experiments to distortion compensa-
tion – optimal control problems related to solid-solid
phase transitions

In the first part of my talk I will discuss the question
of how to measure a phase transition. This brings us
to the dilatometer experiment in which the tempera-
ture in one point and the overall length change of a
specimen is measured during controlled cooling. I will
present a simple dilatometer model and show that it al-
lows for a unique identification of the evolution of two
product phases growing at the expense of one parent
phase. Experimental results confirm this result for the
case of fast cooling. In the case of slow cooling an ad-
ditional measurement of the electric power for counter
heating is considered.

In the second part of my talk I will discuss the com-
pensation of unwanted workpiece deformations by
changing the phase mixture in a two phase material.
The problem can be formulated as an optimal shape
design problem for the interface between the two sub-
domains. I will reformulate the problem using a phase
field relaxation, show some numerical simulations and
conclude with some future research topics.

Anton Evgrafov
Optimal design of wave-propagation systems: topol-
ogy and isogeometric shape optimization approaches
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We consider optimal design of systems involving
wave-propagation phenomena, such as wave-guides,
filters, and wave-focusing systems. We improve the
performance of the system with respect to a given cri-
terion by altering shapes and locations of inclusions of
one material or phase into another. One could math-
ematically formulate and solve this problem in sev-
eral different ways, and we will briefly explain two
complementary possibilities: topology optimization
through homogenization and isogeometric shape op-
timization.

In the first approach, at every point in the design do-
main we make a decision about allocating it to one of
the available phases, or even to their mixture defined
in the sense of homogenization theory. This leads to
a relaxation of the original problem, which is often
much easier to solve than the original problem.

Within the second approach, we represent the physical
domain as an image of a simple parameter domain un-
der the action of a spline-based parametrization. The
governing equations are then formulated and solved
on the simple parameter domain, and by varying the
parametrization we can alter the geometry of the phys-
ical domain.

Both approaches will be illustrated using examples in
phononics and electromagnetic wave scattering.


