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Talks

Mathematical modeling in spectroscopic
and hybrid tissue property imaging

Habib Ammari
ÉNS Paris

Abstract: Imaging techniques in medicine are for visualizing contrast infor-
mation on the electrical, acoustic, optical, mechanical properties of tissues. They
can be formulated as nonlinear inverse problems. The goal is to achieve good reso-
lution, good stability, and high specificity. A standard approach for solving imaging
problems is nonlinear optimization. In this talk, we will discuss emerging alterna-
tive approaches which include differential imaging, physics-based classification and
identification approaches, and hybrid imaging. We will show resolution, stability,
and specificity enhancements for a few modalities. These include spectroscopic ad-
mittivity imaging, conductivity imaging by Lorentz force, ultrasound modulated
electromagnetic tomography, and optical coherence elastography.

Multiphase shape optimization problems

Dorin Bucur
Univ. de Savoie

Abstract: This talk is devoted to multiphase shape optimization problems,
involving energies depending on each individual shape (cell). For a large class of
functionals, we analyze qualitative properties of the cells and the interaction between
them. Each cell is itself subsolution for a (single-phase) shape optimization problem,
from which we deduce properties like finite perimeter, inner density, separation by
open sets, absence of triple junction points, etc. As main examples we consider
functionals involving the eigenvalues of the Dirichlet Laplacian of each cell.
Joint work with B. Velichkov.
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Optimal potentials for Schrödinger operators

Giuseppe Buttazzo
Univ. Pisa

Abstract: We consider the Schrödinger operator −∆+V (x) onH1
0 (Ω), where Ω

is a given domain of Rd. Our goal is to study some optimization problems where an
optimal potential V ≥ 0 has to be determined in some suitable admissible classes and
for some suitable optimization criteria, like the energy or the Dirichlet eigenvalues.

On the control of Korteweg-de Vries equations.

Jean-Michel Coron
Univ. Pierre et Marie Curie, Paris

Abstract: The Korteweg-de Vries equation allows to describe approximately
long waves in water of relatively shallow depth. We study this equation on a finite
interval. The control is acting on the boundary of this interval. Depending on these
boundary conditions we get different control systems. We present some results and
methods to study the controllability and the stabilization of these control systems.

High dimensional sampling and the curse of dimension

Ronald DeVore
Texas A&M University

Abstract: We shall discuss the challenge of sampling or computing an approx-
imation to a function of many (or possibly an infinite number of) variables. This
problem is known to suffer from the curse of dimensionality. This has led to a va-
riety of model classes based on the notions of sparsity, variable reduction, reduced
modeling, tensor formats. We discuss some of these and what is known about their
performance. The main question addressed is what are the best points at which to
sample.
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How do micro-swimmers swim?
Laetitia Giraldi

ÉNS Lyon

Abstract: Swimming strategies at the microscopic scale involves different
mechanisms than in the human scale. Indeed, the flow is dominated by the viscosity
effects of the water and becomes reversible. This feature, known as the scallop theo-
rem in that context needs to be circumvented when one wants to swim with strokes
that produce a net motion of the swimmer. The talk proposes to make a tour of
recent works on this topic by the author and collaborators. Particularly, we will
show how these problems are at the intersection between fluid mechanics, control
theory and geometry.

Recovering the initial state of a well-posed linear system
with skew-adjoint generator

Ghislain Haine
ISAE Toulouse

Abstract: We consider the problem of recovering the initial data of a well-posed
linear system with unitary semigroups. It is well-known that this inverse problem
is well posed if the system is exactly observable, but this assumption may be very
restrictive in some applications. Thus, we are interested in systems which are not
exactly observable, and in particular, where we cannot expect a full reconstruction.
We propose to use the algorithm studied by Ramdani et al. in (Automatica 46:1616–
1625, 2010) and prove that it always converges towards the observable part of the
initial state.
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Un tour d’horizon sur les
problèmes spectraux inverses

Otared Kavian
Univ. Versailles Saint-Quentin-en-Yvelines

Abstract: Lorsque Ω ⊂ RN est un ouvert borné et a, ρ ∈ L∞(Ω) sont des
fonctions vérifiant min(a, ρ) ≥ ε0, pour un ε0 > 0 fixé, et q ∈ L∞(Ω) on considère
l’opérateur linéaire

u 7→ Lu := −div(a∇u) + qu

avec différents types de conditions aux limites (par exemple les conditions de Neu-
mann), on lui associe les données spectrales au bord , c’est-à-dire l’ensemble

BSD(a, ρ, q) := {(λk, γ0(φk)) ; k ≥ 1}

où les valeurs propres λk et les fonctions propres φk vérifient

Lφk = λkρφk, (a∇φk) · n = 0 sur ∂Ω,

∫
Ω

φk(x)φj(x)dx = δkj,

et φ 7→ γ0(φ) := φ|∂Ω désigne l’opérateur de trace sur le bord.
On fera une présentation des résultats récents en ce qui concerne le problème

spectral inverse, c’est-à-dire dans quelle mesure la connaissance de BSD(a, ρ, q) per-
met de déterminer un ou plusieurs des coefficients a, ρ ou q.
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Stability of observations of partial differential equations
under uncertain perturbations

Martin Lazar
Univ. of Dubrovnik

Abstract: For a differential operator P1 we analyze the problem of determining
the initial energy for the equation P1u = 0 by observing an additive perturbation of
a corresponding solution. It turns out that existing observability results for both the
wave and the Schrödinger equation remind stable under robust, additive perturba-
tions determined by a differential operator P2, which can be chosen almost arbitrary,
as well as corresponding initial data. This generalizes the results on averaged control
recently obtained by the authors, in which the system under consideration consists
of operators of the same type, and the initial data of all the components coincide
as well. The applied techniques employ tools of microlocal analysis, specially the
localisation principle for microlocal defect measures or H-measures. However, the
mentioned tool turn to be inappropriate when studying a system consisting of two
parabolic operators, and a variant, better adapted to a study of parabolic problems
is required. This one is found in recently introduced parabolic H-measures, capable
of distinguishing different parabolic operators. Relation of the results to the control
theory will be discussed as well.
Joint work with Enrique Zuazua.

Presentation of the math bio session
Philippe Laurençot

Univ. Toulouse
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Some new results for the controllability of waves equations.

Gilles Lebeau
Univ. Nice Sophia Antipolis

Abstract: I will present two results on the controllability of waves. The first
one is a generalization of the classical result of Bardos-Lebeau-Rauch adapted to
the case where the control region is moving in time. The second one is an exact
controllability result for a system of waves with different speed.
Joint works with J. Le Rousseau (Orléans), P. Terpolilli (Total) and E. Trélat
(Paris 6).

Progress in control of scalar conservation laws
in presence of shocks

Rodrigo Lecaros
CMM, Universidad de Chile

Abstract: There is an extensive literature on control and inverse design of
partial differential equations. But, when dealing with nonlinear models, most often,
the analysis requires to linearize the system under consideration. This is why, most
of the existing results, do not apply to hyperbolic conservation laws since the shock
discontinuities of solutions are an impediment to linearize the system under con-
sideration in a classical manner. Thus, even if the optimal control problem under
consideration is of classical nature, the presence of shocks is a main problem for
classical methods, based on linearization, to be directly applied.

In this work, we present the adaptation of the so-called alternating descent meth-
ods, that exploits the generalized linearization, that takes into account both the sen-
sitivity of the shock location and the smooth components of solutions. We note that,
this method was previously applied successfully on the 1D inverse design problem.

This method is, in some sense, close to those employed in shape design for elas-
ticity, in which topological derivatives (that in the present setting would correspond
to controlling the location of the shock) are combined with classical shape deforma-
tions.

We analyze a model tracking problem for a 1D scalar conservation law. It consists
in optimizing the initial datum, so to minimize a weighted distance to a given target
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during a given finite time horizon. Moreover, we analyze a inverse design problem for
a 2D scalar conservation law, the goal being to identify the initial datum leading to
a given final time configuration. Finally, the efficiency of the method in comparison
with more classical discrete methods is illustrated by numerical experiments.
Joint work with Enrique Zuazua.

On the uniform controllability
of a transport-diffusion equation.

Pierre Lissy
Univ. Pierre et Marie Curie, Paris

Abstract: In this talk, we will present the problem of the uniform controllabil-
ity of the one-dimensional convection-diffusion equation with constant coefficients
controlled on the left side in the vanishing viscosity limit. We will notably link this
issue with the one concerning the cost of fast controls for the heat equation, and
explain how we managed to improve previous estimates concerning the minimal time
needed to ensure the exponential decay of the cost of the control when the viscosity
tends to 0. To finish, we will explain how one could use some conjecture concern-
ing integral observability estimates for the heat equation in order to obtain better
minimal times and even recover the best possible result for the transport-diffusion
equation, at least for positive speeds of propagation.

Stochastic linear quadratic problem and
operator-valued backward stochastic Riccati equations

Qi Lü
Sichuan Univ.

Abstract: We first review the classical results and methods for the linear
quadratic problem for deterministic ordinary differential equations, including the
completion of squares, the application of the Pontryagin maximum principle and
the Riccati equation. Then we focus on the stochastic counterpart and present some
recent results of linear quadratic problems for stochastic evolution equations. These
results are obtained by the theory of transposition solution to backward stochastic
evolution equations introduced by us.
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A time optimal boundary controllability problem
for the heat equation

Sorin Micu
Univ. Craiova

Abstract: We study a boundary time optimal control problem for the heat
equation in a two dimensional domain. The main ingredients are an extension of a
result concerning Müntz polynomials due to Borwein and Erdelyi and a generaliza-
tion of Turán’s inequality which allow us to prove an observability inequality for the
dynamical system’s truncation to a finite number of modes. This result, combined
with a well-known Lebeau-Robbiano argument used to show the null-controllability
of parabolic type equations, enables us to deduce, for some particular geometries,
the existence, uniqueness and bang-bang properties for the boundary time optimal
control.

Models of structured populations in constant
and fluctuating environments

Sepideh Mirrahimi
Univ. Toulouse

Abstract: We study the dynamics of phenotypically structured populations
in fluctuating environments. The mathematical model, which is based on mutations
and competition for a single resource, is a non-local parabolic equation with periodic
in time reaction term. We study the asymptotic behavior of the solutions in the
limit of small diffusion and fast reaction. In the first part of this talk, considering
constant in time environments, we present an approach based on Hamilton-Jacobi
equations with constraints to describe the evolution of populations, the development
of concentrations in the form of Dirac masses, the location of the dominant traits and
their evolution in time. Next, we extend these results to the case of environments
with time oscillations. We prove in particular that the solution converges to a
Dirac mass whose evolution in time is driven by a Hamilton-Jacobi equation with
constraint and an effective growth/death rate which is derived as a homogenization
limit.
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Models of tumor growth and therapy
Benoît Perthame

Univ. Pierre et Marie Curie, Paris

Abstract: Models of tumor growth are now commonly used to predict the
evolution of cancers, based on images for instance. These models serve to predict the
evolution of the disease in medical treatments, to understand the biological effects
that permit tumor growth and decide of the optimal therapy. A more recent subject
is to explain emergence of resistance to drug and its implication in therapeutic
failures.

These models contain several levels of complexity, both in terms of the biological
and mechanical effects, and therefore in their mathematical description. The number
of scales, from molecules to the organ and entire body, explains partly the complexity
of the problem.

In this talk I shall give a general presentation of the field and focus on two
aspects. I shall firstly present a multiscale approach to mechanical models of tumor
growth and secondly, models of resistance to therapy and treatment optimization.

Some new results of global existence
in reaction-diffusion-advection systems

Michel Pierre
ÉNS Rennes and IRMAR, Rennes

Abstract: We will present several new results of global existence for reaction-
diffusion-advection systems for which preservation of positivity and control of mass
hold. It is well-known that blow up may occur in finite time even if the total mass
is uniformly bounded in time. Positive known results are essentially of two kinds:
either we assume some so-called triangular structure of the reactive part and we aim
at classical solutions, or we look for weak global solutions. We will present some
new contributions in the following directions: anisotropic time dependent diffusion
together with not so regular advection terms; nonlinear diffusions; Wentzell bound-
ary conditions; electro-diffusion-reaction systems.
Joint works with D. Bothe, A. Fischer, G.Rolland, G.&J. Goldstein, M. Meyries.
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Controllability of the heat equation
by the flatness approach

Lionel Rosier
Univ. de Lorraine

Abstract: It has been noticed recently that the flatness approach can provide
an interesting alternative to the classical approach based on Carleman estimates
to prove the null controllability of the heat equation. Indeed, in addition to its
(relative) simplicity, this approach yields explicitly the control and the corresponding
solution as series of smooth functions, whose partial sums can be used as numerical
approximations of both the control and the solution. In this talk, we shall see
that the flatness approach can be used as well to deal with the heat equation with
variable (possibly discontinuous) coefficients, and that it can lead to some exact
controllability results for the heat equation with constants coefficients.

lnverse spectral conductivity problem
in a periodic waveguide

Éric Soccorsi
Univ. Aix Marseille

Abstract: Given an unbounded cylindrical domain Ω = ω × R, where ω is a
connected bounded open subset of R2, we consider the operator A = −div(a∇·)+V ,
acting in L2(Ω), with Dirichlet boundary conditions. Here, both V ∈ L∞(Ω) and
a ∈ W 2,∞(Ω) ∩ C1(Ω) are real-valued and 1-periodic with respect to the infinite
variable of Ω. The operator A admits a fiber decomposition Aθ, θ ∈ [0, 1), and its
spectrum is absolutely continuous. We prove uniqueness in the inverse problem of
determining a and V from the partial knowledge of the spectral data of any Aθ, for
[0, 1).
Joint work with Otared Kavian (Versailles) and Yavar Kian (Marseille).
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Some recent results and open questions in time optimal
control for infinite dimensional systems

Marius Tucsnak
Univ. de Lorraine

Abstract: We begin by giving a new and simple proof of the maximum principle
for infinite dimensional systems, when the target is an open ball centered at the
origin. We next discuss the same result in the case of systems which are exactly
controllable in any time, when the target is a single point. We end up by discussing
some perturbation and approximation results.

Observers for populations dynamics

Julie Valein
Univ. de Lorraine.

Abstract: We consider the McKendrick-Von Foester system with diffusion

∂tp(a, x, t) + ∂ap(a, x, t) = −µ(a)p(a, x, t) + k∆p(a, x, t),

a ∈ (0, A), x ∈ Ω, t > 0,

p(a, x, t) = 0, a ∈ (0, A), x ∈ ∂Ω, t > 0,

p(a, x, 0) = p0(a, x), a ∈ (0, A), x ∈ Ω,

p(0, x, t) =

∫ A

0

β(a)p(a, t, x) da, x ∈ Ω, t > 0,

(1)

where
– p(a, x, t) denotes the distribution density of the population of age a at spatial

position x at time t;
– p0 denotes the initial distribution;
– A is the maximal life expectancy;
– β(a) and µ(a) are positive functions denoting respectively the birth and death

rates (which are supposed to be independent of x);
– Ω denotes a smooth bounded domain, k is a positive constant diffusion coeffi-

cient and ∆ the laplacian with respect to the space variable x.
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The aim of this talk is to construct an observer for (1) in order to recover the dis-
tribution density of the population p(a, x, t) at any age a, any time t large enough and
any spatial position x, knowing the distribution density of the population p(a, x, t)
at any age a and any time t but only on a small region ω ⊂ Ω, i.e. knowing
y(t) = p|(0,A)×ω where t ∈ (0, T ).

The construction of the observer is based on the spectral properties of the pop-
ulation operator (see [2]) and on the method of Badra and Takahashi (i.e. splitting
in a finite dimensional system to be stabilized and an infinite dimensional stable
system, see [1] for instance).
[1] M. Badra and T. Takahashi, Stabilization of parabolic nonlinear systems with fi-
nite dimensional feedback or dynamical controllers: application to the Navier-Stokes
system, SIAM J. Control Optim., 49 (2011), 420–463.
[2] W.L. Chan and B.Z. Guo, On the semigroups of age-size dependent population
dynamics with spatial diffusion, Manuscripta Math., 66 (1989), 161–181.

Kinetic/fluid coupling model with a moving interface

Alexis Vasseur
Univ. of Texas, Austin

Abstract: Coupling between kinetic and fluid models can produce artifact
effects a the interface. We are proposing a method which moves the interface on the
fly to track and separate the region of lower density, modeled with a kinetic model,
from the region of higher density, modeled with a fluid model. The method is first
applied to a simplified one dimensional problem.
Joint work with Ingrid Lacroix-Violet.
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Sparse optimal control for elliptic and parabolic systems:
Theory and FEM discretizations

Boris Vexler
Technische Universitaet Muenchen, Munich

Abstract: In this talk we consider optimal control problem governed by elliptic
equation and parabolic equations, where the control variable lies in a measure space.
Such formulations lead to a sparse structure of the optimal control, which provides
among other things an elegant way to attack problems of optimal source place-
ment. We discuss in details the functional analytic settings of such problems and
the regularity issues of the optimal solutions. Moreover, we present a discretization
concept and prove a priori error estimates for the discretization error, which signif-
icantly improve the estimates from the literature. Numerical examples for elliptic
and parabolic problems in two and three space dimensions illustrate our results.

Criterions on periodic stabilization
for some evolution equations

Gengsheng Wang
Wuhan Univ.

Abstract: This talk studies the periodic stabilization for some linear ODEs
and evolution equations. The aim is to present several criterions for the periodic
stabilization. These criterion are built up from perspective of algebra; geometry and
analysis respectively. They are related to the attainable subspace; the controllable
subspace; the Poincare map, the Kato projection, etc. Several methods to construct
feedback laws are provided.
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Blow-up in parabolic chemotaxis systems

Michael Winkler
Univ. Paderborn

Abstract: In mathematical biology, chemotaxis terms partially oriented move-
ment of individuals - usually of single cells - along gradients of a chemical signal
substance. Experimental findings report striking effects of such chemotactic migra-
tion, inter alia phenomena of self-organization such as spatial aggregation.
A prototypical model for the description of such chemotactic dynamics, consisting
of two parabolic equations with a cross-diffusive term as its most characteristic in-
gredient, was proposed by Keller and Segel in 1970 already and intensively discussed
since then in the mathematical literature. However, the fundamental mathemati-
cal question concerning the existence of exploding solutions could only be answered
satisfactorily for simplified systems up to now.
The presentation aims at reporting some recent developments, with a particular
focus on mathematical methods for detecting blow-up solutions.

Challenges from control theory of
stochastic distributed parameter systems

Xu Zhang
Sichuan University

Abstract: In this talk, I will formulate two challenging problems from the
control theory of stochastic distributed parameter systems. One is about the con-
trollability; while the other is related to the optimal control.
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Posters

Controllability of linearized compressible Navier Stokes
system in one dimension.

Shirshendu Chowdhury
Univ. Toulouse

Abstract: We consider compressible Navier-Stokes equations in one dimension,
linearized around a constant steady state (Q0, V0), with Q0 > 0, V0 ≥ 0. It is
a coupled system involving both transport and parabolic effects. We study the
controllability of this linearized system in bounded interval (0, L). We find that the
properties of the two semigroups (etA)t≥0 (the one when V0 = 0 and the one when
V0 > 0) and the spectrum of A are completely different where A is the corresponding
linearized operator. We obtain several interesting positive and negative results for
the null controllability and approximate controllability of the system using interior
or boundary control in both the cases V0 = 0 and V0 > 0.
Joint works with M. Ramaswamy, J.P.Raymond, D. Mitra and M. Renardy.

Lagrangian controllability of
the 1-D Korteweg-de Vries equation

Ludovick Gagnon
Univ. Pierre et Marie Curie, Paris

Abstract: The 1-D Korteweg-de Vries (KdV) equation is obtained as a first
order approximation of the full governing equation for water waves in shallow water.
Using the N-solitons solution, we prove the Lagrangian controllability of the KdV
equation, that is, for any length of the spatial domain and any time T>0, it is
possible to choose appropriate boundary controls of the KdV equation such that
the flow exit the domain in time T. We also discuss the relevance of this result
for physical applications, including a way to move polluted water to a waste water
treatment plant.
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Franks’ lemma and geometric control theory

Ayadi Lazrag
Univ. Nice

Abstract: In this poster I present some recent results in geometric control
theory. Using those results, I provide an elementary proof of the linear Franks’
lemma for geodesic flows and I prove a uniform Franks’ lemma at second order for
geodesic flows.
The last part is a work with collaboration with Ludovic Rifford and Raphael Ruggiero.

Average control of undetermined string
and Schrodinger equations

Jérôme Lohéac
BCAM - Basque Center for Applied Mathematics

Abstract: In this work, I will tackle the controllability problem for parameter
dependent equations. The goal of this problem is to design a control independent
of the parameters which is in some sense good for all the parameters. A natural
notion for this problem is average controllability, that is to say the control of the
average, with respect to the parameters, of the outputs of the systems. After having
introduced this notion, I will explain that, as in classical control literature, the dual
notion of average controllability will be the notion of average observability. Finally,
I will show that average controllability arrises for the string and 1D Schrodinger
equations with boundary control.
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Boundary layers and controllability:
example with a viscous Burgers’ system

Frédéric Marbach
Univ. Pierre et Marie Curie, Paris

Abstract: In order to establish small time controllability results for viscous
fluid systems, a natural method is to study their inviscid counterparts. When the
inviscid limit system is controllable (like Euler’s system), one can recover results of
small time controllability for the initial viscous system, by means of an appropriate
scaling. However, if the controls don’t act over the whole boundary of the physical
domain, boundary layers can arise near the uncontrolled parts of the boundary and
make the analysis harder.

On this poster, I will expose a simple setting, namely the 1D viscous Burger’s
equation, for which a precise computation of the boundary layer is possible. Global
small time null controllability still holds with only two scalar controls (dropping a
control on the right end of the domain with respect to the previous known controlla-
bility result). Methods used include Fourier analysis, the Cole-Hopf transform and
maximum principles.

Well-posedness and control for models with discontinuous
nonlinearities appearing in cardiology

Aurora Marica
BCAM - Basque Center for Applied Mathematics

Abstract: In this poster, we will consider the well-posedness and controlla-
bility problem associated to the Mitchell-Schaeffer [7] and Fenton-Karma [3] phe-
nomenological models of the cardiac membrane. These are monodomain/bidomain
systems involving parabolic PDEs describing the behavior of the electrical potential
of cardiac membrane and one or two ODEs describing the activation/inactivation of
the fast/slow inward reactive terms. The main difficulty with respect to the Fitz-
Hugh Nagumo model [2] is the presence of the discontinuous coefficients in the form
of Heaviside functions depending on the electrical potential, appearing in the gating
equations and the multiplicative form of the leading nonlinearity in the parabolic
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equation. The discontinuous character of the nonlinearity indicates that the appro-
priate solutions to these models are the Filippov ones [1], [4] which are set-valued
on the interfaces. To prove the existence of weak solutions for these models, we
use regularization techniques on the interfaces combined with a Faedo-Galerkin ap-
proach [2], [6]. The last part of the presentation will be devoted to some optimal
control problems associated to these models.
Joint work [5] with K. Kunisch (University of Graz, Austria).
[1] J. P. Aubin, A. Cellina, Differential inclusions, A Series of Comprehensive Stud-
ies in Mathematics, Vol. 264, Springer- Verlag, 1984.
[2] Y. Bourgault, Y. Coudiere, C. Pierre, Existence and uniqueness of the solution
for the bidomain model used in cardiac electrophysiology, Nonlinear Analysis: Real
World Applications, 10(2009), 458–482.
[3] F. Fenton, A. Karma, Vortex dynamics in three-dimensional continuous my-
ocardium with fiber rotation: filament instability and fibrilation, Chaos, 8(1)(1998),
20–47.
[4] A. F. Filippov, Differential equations with discontinuous righthand sides, Kluwer
Academic Publishers, 1988.
[5] K. Kunisch, A. Marica, Well-posedness for the Mitchell-Schaeffer model of the
cardiac membrane, submitted.
[6] J.-L. Lions, Quelques methodes de resolution des problemes aux limites non lin-
eaires, Gauthier-Villars, 1969.
[7] C. C. Mitchell, D. G. Schaeffer, A two-current model for the dynamics of cardiac
membrane, Bulletin of Mathematical Biology, 65(2003), 767–793.

Uniformly polynomially stable approximations
for abstract hyperbolic-parabolic systems

Salem Nafiri
Univ. Cadi Ayyad, Marrakech

Abstract: We consider the approximation of abstract hyperbolic-parabolic
systems depending on a parameter τ . We prove that when 0 < τ < 1/2, the total
energy of solutions is not uniformly exponentially stable, but it decays uniformly
polynomially to zero. Finally, the results are applied to space semi-discretizations
of thermoelatic beam equation in a bounded interval with homogeneous Dirichlet
boundary conditions. We illustrate the mathematical results with several numerical
experiments.
Joint work with L. Maniar.
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Feedback stabilization of a 3D fluid-structure model
with a boundary control

Moctar Ndiaye
Univ. Toulouse

Abstract: We study a system coupling the incompressible Navier-Stokes equa-
tions in a 3D parallelepiped type domain with a damped plate equation. The plate
is located in a part of the upper boundary of the fluid domain. The fluid domain
depends on the deformation of the plate, and therefore it depends on time.
We are interested in the stabilization, with a prescribed decay rate, of such a sys-
tem in a neighborhood of a stationary solution, by a Dirichlet control acting at the
boundary of the fluid domain.
For that, we first study the stabilizability of the corresponding linearized system and
we determine a finite-dimensional feedback control able to stabilize the linearized
model.
A crucial step in the analysis consists in showing that this linearized system can be
rewritten thanks to an analytic semigroup, the infinitesimal generator of which has
a compact resolvent.
A fixed-point argument is finally used to prove the local stabilization of the original
nonlinear system. The main difficulties come from the coupling between the fluid
and plate equations, and the fact that the fluid domain varies with time, giving rise
to geometric nonlinearities.
The results of the paper may be adapted to other more complex geometrical con-
figurations for the same type of system. Ongoing research concerns the numerics of
the control problem.
Joint work with D. Matignon and J.-P. Raymond.
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Shape design of supersonic low-boom aircraft
Francisco Palacios

Stanford Univ.

Abstract: In this seminar, I will review my research on high-fidelity Compu-
tational Fluid Dynamics (CFD) tools and adjoint-based techniques for the optimal
shape design of low-boom supersonic aircraft.

While there is a well-consolidated theory for the application of adjoint methods
to optimal shape design, the use of these techniques in realistic industrial problems
is challenging due to a range of technical and mathematical issues that will be
discussed in this presentation.

In particular, the supersonic low-boom application will be used to introduce
original contributions to the state-of-the-art in CFD-based optimal shape design: a
systematic approach to shape design, design with discontinuities, robust grid adapta-
tion, and inverse design using the equivalent area distributions, among other topics.

Numerical aspects of large-time optimal control
for Burgers equation

Alejandro Pozo
BCAM - Basque Center for Applied Mathematics

Abstract: In this poster, we emphasize the importance of using an appropriate
numerical scheme in the approximation of optimal control problems for non-linear
Partial Differential equations. We focus on an inverse design problem for the Burgers
equation, both in the viscous and inviscid case.

When dealing with systems in long time intervals, it is not enough to use dis-
cretization schemes that converge in the classical sense of numerical analysis. As we
will show, an improper numerical flux can alter the dynamics of the Burgers equa-
tion in such regimes. Moreover, this may end up yielding inaccurate approximations
of the control problem, polluted by high frequencies. We will present examples in
which this pathology is highlighted.
Joint work with N. Allahverdi (BCAM, Spain) and E. Zuazua (BCAM & Ikerbasque,
Spain).
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Location of the transition point for a simplified model
of neurodevelopment
Cristobal Quiñinao

Univ. Pierre et Marie Curie, Paris

Abstract: Boundary formation in the developing neuroepithelium decides on
the position and size of compartments in the adult nervous system. In this study we
start from the French flag model proposed by Lewis Wolpert in which boundaries
are formed through the combination of morphogen diffusion and of thresholds in
cell responses. In contemporary terms, a response is characterized by the expres-
sion of cell autonomous transcription factors, very often of the homeoprotein family.
Modeling the latter process suggests that it results in the formation of boundaries
of imprecise shapes and positions. Turing, on the other hand, proposed a model
whereby two morphogens exhibiting self-activation and reciprocal inhibition, uni-
formly distributed and diffusing at different rates lead to the formation of territories
of unpredictable shapes and positions (the leopard spots). Here we have combined
the two models and compared the stability of boundaries when the hypothesis of
local homeoprotein intercellular diffusion is, or is not, introduced in the equations.
We find that the addition of the homeoprotein local diffusion hypothesis leads to a
dramatic stabilization of the positioning of the boundary, even when other parame-
ters are significantly modified. For a one-dimensional simplified system of equations
we prove that this point can be fully characterized as the only point with zero speed
for a related traveling wave problem.
Joint work with B.Perthame, A.Prochiantz, and J.Touboul.
[1] D Holcman, V Kasatkin, and A. Prochiantz. Modeling homeoprotein intercellu-
lar transfer unveils a parsimonious mechanism for gradient and boundary formation
in early brain development. J Theor Biol, 249:503–517, 2007.
[2] V Kasatkin, A Prochiantz, and D. Holcman. Morphogenetic gradients and the
stability of boundaries between neighboring morphogenetic regions. Bull Math Biol,
70:156–178, 2008.
[3] L. Wolpert. Positional information revisited. Development, 107(Supplement):3–
12, 1989.
[4] A. M. Turing. The chemical basis of morphogenesis. Philosophical Transactions
of the Royal Society of London. Series B, Biological Sciences, 237(641):37–72, 1952.
[5] H. Meinhardt. Space-dependent cell determination under the control of a mor-
phogen gradient. Journal of theoretical biology, 74(2):307–321, 1978.
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Shape optimization problems for spectral functionals
with perimeter and volume terms

Bozhidar Velichkov
Univ. Pisa

Abstract: We prove a regularity result for the free boundary of the optimal
domains for functionals depending on the perimeter and the k-th eigenvalue of the
Dirichlet Laplacian. The result is based on the study of the open sets of positive
mean curvature in viscosity sense and can be extended to a large class of functionals
of energy and spectral type.

Inverse problems and environment:
from polar ice cores to trace gas history

Emmanuel Witrant
Univ. Joseph Fourier Grenoble 1, GIPSA.

Abstract: Models of trace gas transport in polar firn are used to relate firn
air and ice core records of trace gases to their atmospheric history. Such modeling
can be decomposed into three steps: 1) a physical (forward) transport model de-
scribes the gas behavior in the ice lattice; 2) the depth profile of firn diffusivity is
identified from measured gases in the firn with known atmospheric history; 3) the
atmospheric history is reconstructed for gases for which only measurements in firn
air are available. Recent developments of these aspects in LGGE-GIPSA models will
be presented, with a focus on the link between physical processes and issues in their
mathematical solving. The main mathematical difficulties arise from the firn diffu-
sivity values, which vary by several orders of magnitude, and from inverse modeling
using sparse measurements (under-constrained inverse problems). Using method-
ological contributions from system identification and control theory, we present new
results on: 1) the development of a gradient descent method for optimal diffusivity
identification; 2) a forward isotopic ratio model that does not require assumptions
on the major isotope trend; 3) a new inverse scenario method for isotopes based on
2).
Joint work with P. Martinerie (UJF-Grenoble, Laboratoire de Glaciologie et Géo-
physique de l’Environnement LGGE).
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Informations
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On the International Center of Mathematics
and Computer Science in Toulouse

CIMI stands for “Centre International de Mathématiques et Informatique de
Toulouse”, or International Center of Mathematics and Computer Science in Toulouse.
It is one of the Excellence Laboratory chosen by the ANR for the period 2012-2020.

CIMI brings together the teams of the Institut de Mathématiques de Toulouse
(IMT) as well as the teams of the Institut de Recherche en Informatique de Toulouse
(IRIT).

The goal of CIMI is to establish itself as a leading international center in math-
ematics, computer science, and their interactions. This original combination within
a single structure goes beyond the current conventional collaborations and creates
a real synergy suitable for achieving global excellence in research and in exploring
innovative research areas. The means provided by the LabEx program will allow
CIMI to be an international reference center and a leader on the themes put forward
in the scientific project, attracting high-level scientists, Doctoral and Post-Doctoral
students and coordinating powerful educational projects to attract the very best
students at the Master level. The innovative tools developed at CIMI will have a
strong economic impact on the region and will profit its industrial partners in major
technological areas, making CIMI a strategic partner of the social and economic
world.

CIMI is a unique place for research in mathematics and computer science attract-
ing high-level scientists and students. The program includes actions towards attrac-
tiveness, enabling a proactive strategy of high-level recruitments of confirmed and
junior scientists and of outstanding students (French and foreigners). These include
excellence chairs for long-term visitors and visiting chairs supported by partners
from the industry on specific projects. In addition, attractive permanent positions
are created with CIMI’s institutional partners, through a selection procedure su-
pervised by the CIMI boards. Grants for Doctoral and Post-Doctoral students, as
well as supports for Master students, are features of the educational program. At-
tractiveness is further enhanced with thematic trimesters organized within CIMI on
specific topics including courses, seminars and workshops.

More informations are available at http://www.cimi.univ-toulouse.fr/.
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On the Mathematical Institute of Toulouse

The Toulouse Mathematics Institute, or “Institut de Mathématiques de Toulouse”
(IMT), CNRS Research Laboratory, federates the mathematics community of the
Toulouse area. It is comprised of three main teams, the Laboratory of Statistics and
Probability, the Mathematics for Industry and Physics Laboratory and the Emile
Picard Laboratory, located at the University of Toulouse III, the Universities of
Toulouse I and II, and INSA (Institut National des Sciences Appliquées).

It brings together around 180 tenured researchers and lecturer-researchers whose
research interests cover a very broad spectrum of mathematics, ranging from the-
oretical aspects to applications. It is host to long- and short-term foreign visitors
from all over the world, and all mathematical backgrounds. It cultivates interna-
tional partnerships, as well as industrial contracts, these being particularly at a local
level.

Jointly accredited with INSA, SUPAERO and the University of Toulouse I, and
associated with the Graduate School of Informatics at the level of the University of
Toulouse, its Graduate School has an annual intake of around 100 graduate students.

The Institute Library hosts the region’s largest collection of mathematical books
and journals, and constitutes a major work tool.

Under the aegis of the University Paul-Sabatier (University of Toulouse III),
the Mathematics Institute publishes the “Annales de la Faculté des Sciences de
Toulouse (Mathématiques)”, one of France’s oldest scientific journals, and awards
the internationally-renowned “Fermat Prize for mathematical research” every two
years.

More informations are available at http://www.math.univ-toulouse.fr/.
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Practical informations
Where to work? The Institut de Mathématiques de Toulouse has several rooms
available to meet and discuss. Besides the coffee room located in the ground floor
in room Sophie Germain, there are the followings possibilities:
- room 11, ground floor, building 1R3,
- room 106, 1st floor, building 1R1,
- room Cavailles (132), 1st floor, building 1R2,
- room “Seminar MIP”, 1st floor, building 1R3.
The conferences take place in the Amphitheatre Schwartz, ground floor, building
1R3. Wireless connections will be made available to all participants.

Where to have lunch? On Monday, there will be a buffet in the lobby of the
building 1R3. On the other days, we will go to the restaurant Upsidum nearby
the Institut de Mathématiques de Toulouse. Other possibilities are available, e.g.
sandwiches in the CROUS cafeteria at the entrance of the campus.

Where to have dinner?
On Tuesday evening, the conference dinner will be held at the restaurant Les

caves de la Maréchale, 3 rue Jules Chalande (0).
There are plenty of restaurants in the city center. Below we only propose a very

short selection of them:
1: Le May (' 15AC), 4 rue du May, + 33 (0)5 61 23 98 76.
2: L’Aubrac (' 25− 30AC), 7 bis rue de la Colombette, +33 (0)5 61 62 98 08.
3: La madeleine de Proust (' 25− 30AC), 11 rue Riquet, +33 (0)5 61 63 80 88.
4: Chez Émile, (' 30− 35AC), 13 pl. Saint Georges, +33 (0)5 61 21 05 56.
5: Le point d’ogre, (' 30− 35AC), 7 rue des Paradoux, +33 (0)5 61 25 53 54.
The numbers correspond to the ones on the map hereafter.

There are many bars downtown where you may enjoy having a drink. Many of
them are located between rue Gabriel Péri and rue de la Colombette (close to metro
station Jean Jaurès), along the Garonne river, and in many other places !

How to go from Downton to the Institut de Mathématiques de Toulouse?
From downtown, you can take the B-line of the subway (direction Ramonville)

up to the station “Université Paul Sabatier”. You will arrive to the campus of
the university and the building 1R3 of the Mathematics Institute (IMT) where the
workshop will take place. The conference takes place in the ground floor of this
building, next to its main entrance, in Amphitheatre Schwartz. From Jean Jaurès
metro station, the trip is approximately 25 min.

Informations on the public transportations in Toulouse are available at the web-
page http://www.tisseo.fr/en/home, including maps of the network.

Hotels. Most of the participants are in the following hotels:
A: Hotel Riquet, 92 rue Riquet.
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B: Hotel Ours Blanc, rue and place Victor Hugo.
C: Hotel Royal Wilson, 6 rue Labeda.
D: Résidence Concorde, 7 bld Bonrepos.
Letters correspond to the ones on the map hereafter.
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