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On a variational theory of image amodal completion. (English summary)
Rend. Sem. Mat. Univ. Padova116(2006), 211–252.

{A review for this item is in process.}
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MR2276075 93B05 (35J10 35Q40 81Q05)

Beauchard, Karine (F-ENSET-AM)
Controllability of Shr ödinger equations. (English summary) [Controllability of
Schrödinger equations]
Seminaire: Equations aux D́erivées Partielles. 2005–2006,Exp.No. IX, 20pp., Śemin. Équ.Dériv.
Partielles, École Polytech., Palaiseau, 2006.

{A review for this item is in process.}
{For the entire collection seeMR2276066 (2007f:35007)}
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Chardard, F. (F-ENSET-AM); Dias, F.[Dias, Frédéric] (F-ENSET-AM);
Bridges, T. J. (4-SUR)
Fast computation of the Maslov index for hyperbolic linear systems with periodic
coefficients. (English summary)
J. Phys. A39 (2006),no. 47,14545–14557.

The Maslov index is a powerful tool to study periodic solutions of Hamiltonian systems. But the
concrete computation of the index of periodic solutions of related nonlinear problems is usually
very difficult. Among all the linear Hamiltonian systems, hyperbolic ones are always nondegener-
ate and are among the simpler systems. This paper is devoted to establishing a numerical scheme
to compute the Maslov index for hyperbolic linear Hamiltonian systems with periodic coeffi-
cients. The main idea is that upon considering the exterior algebra of the ambient vector space,
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the Lagrangian subspace representing the unstable subspace reduces to a line, and then it forms
a closed loop when the exterior algebra is projectified. This result is applied to the computation
of the Maslov index for the spectral problem associated with periodic solutions of the fifth-order
Korteweg-de Vries equation.

Reviewed byYiming Long
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Glaunès, Joan(F-PARIS13-AG); Trouvé, Alain (F-ENSET-AM);
Younes, Laurent (1-JHOP-CIS)
Modeling planar shape variation via Hamiltonian flows of curves. (English summary)
Statistics and analysis of shapes, 335–361,Model.Simul.Sci.Eng.Technol., Birkhäuser Boston,
Boston, MA, 2006.

The application of the theory of deformable templates to the study of the action of a group of
diffeomorphisms on deformable objects provides a framework for computing dense one-to-one
matchings ond-dimensional domains.

In the paper under review the geodesic equations governing the time evolution of an optimal
matching are derived in the case of the action on 2D curves with various driving matching terms.
A Hamiltonian formulation is provided in which the initial momentum is represented by anL2

vector field on the boundary of the template.
{For the entire collection seeMR2274188 (2007f:62008)}

Reviewed byRiccardo De Arcangelis
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Musé, Pablo(F-ENSET-AM); Sur, Frédéric (F-ENSET-AM); Cao, Frédéric (F-RENNB-II);
Gousseau, Yann(F-ENST-TS); Morel, Jean-Michel (F-ENSET-AM)
Shape recognition based on an a contrario methodology. (English summary)
Statistics and analysis of shapes, 107–136,Model.Simul.Sci.Eng.Technol., Birkhäuser Boston,
Boston, MA, 2006.

{This item will not be reviewed individually. For details of the collection in which this item
appears seeMR2274188.}
{For the entire collection seeMR2274188}

c© Copyright American Mathematical Society 2007

Article

Citations

From References: 2
From Reviews: 0

MR2269565 (2007m:82084)82C70 (35B25 35F20 82C40)

Bisi, M. [Bisi, Marzia] (I-PARM); Desvillettes, L.(F-ENSET-AM)
From reactive Boltzmann equations to reaction-diffusion systems. (English summary)
J. Stat. Phys.125(2006),no. 1,249–280.

This paper is concerned with the reactive Boltzmann equation, an extension of the classical
Boltzmann equation, for a mixture of different species of molecules with chemical reactions. The
authors consider the case when the collisions involving one molecule (whose distribution is a
Maxwellian) are predominant. Formally, under suitable scalings, it is shown that the solutions of
the Boltzmann equation converge to the solutions of the reaction-diffusion system. Also, for a
simplified system a rigorous proof is given.

Reviewed byFucai Li
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MR2270649 (2007h:76017)76B15 (35Q35 37N10 76Mxx)

Dias, Frédéric (F-ENSET-AM); Bridges, Thomas J.(4-SUR-MS)
The numerical computation of freely propagating time-dependent irrotational water waves.
(English summary)
Fluid Dynam. Res.38 (2006),no. 12,803–830.

Introduction: “Water waves have long been studied because of their practical importance and
because they offer an ideal setting for a variety of phenomena of nonlinear wave motion.

“Compared to the analytical study of the water-wave problem, which was initiated at the begin-
ning of the nineteenth century, the numerical study of water waves is relatively recent for obvious
reasons. The first numerical computations were performed in the 1970s, with a few exceptions in
the 1960s. Since then, the steady progress in the power of computers combined with the develop-
ment of more and more efficient numerical methods has allowed researchers to tackle problems
closer and closer to real-life situations.

“One can distinguish four major classes of numerical computations dealing with water waves:
(i) computations of progressive waves that propagate without changing form (time dependence
can be removed from the equations by working in a frame of reference moving with the wave),
(ii) computations of standing waves (these waves are periodic in time and in space, but time
dependence cannot be removed from the equations), (iii) computations aimed at a statistical
description of water waves (such computations require integration over a long time), and (iv)
numerical wave tanks that are designed to mimic laboratory wave tanks or even the ocean in
the sense that arbitrary wave motion can be described. For each case, one can make a further
distinction between two-dimensional waves and three-dimensional waves.

“The emphasis of the review is on the numerical computation of freely propagating time-
dependent waves. This is a rich subject and bias is unavoidable. The mathematical model that
is used in the present review is that of inviscid irrotational flow. The governing equations are the
incompressible, irrotational Euler equations in the presence of a free surface. Among the numerical
methods and equations based on this mathematical model, some are closer to the model than others.
In particular, approximate equations such as the Korteweg-de Vries equation, the Boussinesq
equation, the nonlinear Schrödinger equation and their variants represent a further approximation.
Although they have been shown to provide very good results in a variety of applications, they
are not considered here. Moreover, by restricting ourselves to freely propagating waves, we do
not discuss the interactions of water waves with structures, a topic of great industrial interest.
For earlier reviews on water waves or on the numerical simulation of free-surface flows, one can
refer to [L. W. Schwartz and J. D. Fenton, inAnnual review of fluid mechanics, Vol. 14, 39–60,
Annual Reviews, Palo Alto, Calif., 1982;MR0642535 (83b:76016); W.-T. Tsai and D. K. P. Yue,
in Annual review of fluid mechanics, Vol. 28, 249–278, Annual Reviews, Palo Alto, CA, 1996;
MR1371167 (96i:76086); F. Dias and C. Kharif, inAnnual review of fluid mechanics, Vol. 31,
301–346, Annual Reviews, Palo Alto, CA, 1999;MR1670945 (99k:76024); R. Scardovelli and S.
Zaleski, inAnnual review of fluid mechanics, Vol. 31, 567–603, Annual Reviews, Palo Alto, CA,
1999;MR1670950 (99m:76002); D. H. Peregrine, inAnnual review of fluid mechanics, Vol. 35,
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23–43, Annual Reviews, Palo Alto, CA, 2003;MR1967007 (2004b:76027)].”
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Dutykh, Denys (F-ENSET-AM); Dias, Frédéric (F-ENSET-AM); Kervella, Youen (F-BRET)
Linear theory of wave generation by a moving bottom. (English, French summaries)
C. R. Math. Acad. Sci. Paris343(2006),no. 7,499–504.

Summary: “The computation of long wave propagation through the ocean obviously depends on
the initial conditions. When the waves are generated by a moving bottom, a traditional approach
consists in translating the ‘frozen’ sea bed deformation to the free surface and propagating it. The
present study shows the differences between the classical approach (passive generation) and the
active generation where the bottom motion is included. The analytical solutions presented here
exhibit some of the drawbacks of passive generation. The linearized solutions seem to be sufficient
to consider the generation of water waves by a moving bottom.”
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{A review for this item is in process.}

References

1. Amann, H.: A new approach to quasilinear parabolic problems. In: International Conference
on Differential Equations, 2005

2. Andreu, F., Ballester, C., Caselles, V., Mazon, J. M.: Minimizing Total Variation Flow. Differ.
Integral Equations14(3), 321–360 (2001)MR1799898 (2002e:35109)

3. Di Zenzo, S.: A note on the gradient of a multi-image. Comput. Vis. Graph. Image Process.33,
116–125 (1986)

4. Esedoglu, S.: An analysis of the Perona–Malik scheme. Commun. Pure Appl. Math.54,1442–
1487 (2001)MR1852979 (2003i:94005)

5. Guichard, F., Morel, J. M.: A note on two classical enhancement filters and their associated
PDE’s. Int. J. Comput. Vis.52(2–3), 153–160 (2003)

6. Harten, A., Enquist, B., Osher, S., Chakravarthy, S.: Uniformly high order accurate essentially
non-oscillatory schemes III. J. Comput. Phys.71,231–303 (1987)MR0897244 (90a:65199)

7. Kichenassamy, S.: The Perona–Malik paradox. SIAM J. Appl. Math.57(2), 1328–1342 (1997)
MR1470926 (98i:35088)

8. Kimia, B.B., Tannenbaum, A., Zucker, S.W.: On the evolution of curves via a function of curva-
ture I the classical case. J. Math. Anal. Appl.163(2), 438–458 (1992)MR1145840 (93a:58037)

9. Kimmel, R., Malladi, R., Sochen, N.: Images as embedded maps and minimal surfaces: movies,
color, texture, and volumetric medical images. Int. J. Comput. Vis.39(2), 111–129 (2000)

10. Kindermann, S., Osher, S., Jones, P.: Deblurring and denoising of images by nonlocal func-
tionals. UCLA Computational and Applied Mathematics Reports 04–75, 2004

11. Kornprobst, P.: Contributions la Restauration d’Images et l’Analyse de Sequences: Approches
Variationnelles et Solutions de Viscosite. PhD thesis, Universite de Nice-Sophia Antipolis,
1998

12. Kramer, H.P., Bruckner, J.B.: Iterations of a non-linear transformation for enhancement of
digital images. Pattern Recogn.1–2,53–58, (1975)MR0386379 (52 #7233)

13. Lee, J.S.: Digital image smoothing and the sigma filter. Comput. Vis. Graph. Image Process.
24,255–269 (1983)

14. Masnou, S.: Filtrage et désocclusion d’images par méthodes d’ensembles de niveau. PhD
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As it is stated by the authors in the first paragraph of this paper: “Image denoising and segmentation
are two related, fundamental problems of computer vision. The goal of denoising is to remove
noise and/or spurious details from a given, possibly corrupted, digital picture while maintaining
essential features such as edges. The goal of segmentation is to divide the image into regions that
belong to distinct objects in the depicted scene.”

In general, the mathematical models and computational algorithms for denoising are different
from those for segmentation problems. However, before applying segmentation algorithms, it is
customary to preprocess the image by using a denoising algorithm.

The denoising problem is challenging in itself because noise needs to be filtered out and, at
the same time, edge information and other features must be preserved. Both edges and noise
have high-frequency components, and, in most cases, they cannot be distinguished by using linear
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filtering. Thus, denoising models such as statistical filters and variational methods are nonlinear.
The authors of the paper under review follow a variational approach to this problem. They look
for the minima of the energy functional

Em(u(~x), λ) :=
∫

R2
|∇u(~x)|d~x +λ

∫
R2
|u(~x)− ũ(~x)|md~x,

whereλ is the Lagrange multiplier,̃u(·) is the noisy image, andu(·) is the clean image in the plane
domainR2. The term

∫
R2 |∇u(~x)|d~x is called the total variation (TV) functional, and

∫
R2 |u(~x)−

ũ(~x)|md~x is the fidelity term in theLm-norm. For instance,m = 2 has been studied for gray and
color images by T. F. Chan, S. Osher and J. Shen [IEEE Trans. Image Process.10 (2001), no. 2,
231–241; Zbl 1039.68778]. In the paper under review, however, the focus is on bi-level images
with m = 1. The authors present an interesting procedure aimed at obtaining the global minimum
of the energy functional.

Denoising can be also seen as a problem of signal (or function) estimation, where a signal (or
image) corrupted by noise needs to be estimated. In this sense, it is worth noting the denoising
algorithm based on soft-thresholding and wavelets by D. L. Donoho [IEEE Trans. Inform. Theory
41 (1995), no. 3, 613–627;MR1331258 (96b:94002)]. In that approach, different noise statistics
can be naturally incorporated into the model.

On the other hand, the segmentation modeling approach of the paper under review is basically a
two-phase piecewise constant Mumford-Shah segmentation model, or the equivalent by Chan and
L. A. Vese [IEEE Trans. Image Process.10 (2001), no. 2, 266–277] that is tailored to the case of
bi-level images. These models are based on variational techniques and level sets, such as described
in [Y.-H. R. Tsai and S. J. Osher, Acta Numer.14 (2005), 509–573;MR2170510 (2006k:94010)]
and many references therein. A faster version of this segmentation algorithm has been proposed by
S. Gao and T. D. Bui [IEEE Trans. Image Process.14 (2005), no. 10, 1537–1549]. In addition to
tailoring the algorithm for bi-level images, the authors of the paper under review propose a method
by which to restate the nonconvex optimization problem as a convex minimization problem with
the corresponding global solution.

Reviewed byRaḿon M. Rodŕıguez-Dagnino
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Summary: “An efficient numerical model for solving fully nonlinear potential flow equations with
a free surface is presented. Like the code that was developed by S. T. Grilli, P. Guyenne and F. Dias
[Internat. J. Numer. Methods Fluids35 (2001), no. 7, 829–867; Zbl 1039.76043] it uses a high-
order three-dimensional boundary-element method combined with mixed Eulerian-Lagrangian
time updating, based on second-order explicit Taylor expansions with adaptive time-steps. Such
methods are known to be accurate but expensive. The efficiency of the code has been greatly
improved by introducing the fast multipole algorithm. By replacing every matrix-vector product
of the iterative solver and avoiding the building of the influence matrix, this algorithm reduces
the computing complexity fromO(N 2) to nearlyO(N), whereN is the number of nodes on the
boundary. The performance of the method is illustrated by the example of the overturning of a
solitary wave over a three-dimensional sloping bottom. For this test case, the accelerated method
is indeed much faster than the former one, even for quite coarse grids. For instance, a reduction
of the complexity by a factor of six is obtained forN = 6022, for the same global accuracy.
The acceleration of the code allows the study of more complex physical problems, and several
examples are presented.”
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Desvillettes, Laurent(F-ENSET-AM)
Hypocoercivity: the example of linear transport. (English summary)
Recent trends in partial differential equations, 33–53,Contemp.Math., 409,Amer.Math.Soc.,
Providence, RI, 2006.

Consider the evolution equation
∂tf(t) = Af(t)

and assume that it has the dissipative property

∂tH(f) =−D(f)≤ 0,

whereH(f), D(f) are functionals called entropy and dissipation, respectively. When

D(f) = 0⇔Af = 0⇔ f = feq,

the equation is called coercive, wherefeq is a unique equilibrium under some conserved quantities.
If we assume further that

D(f)≥ Φ(H(f)−H(feq))

for some positive functionΦ(x) > 0, x 6= 0, with Φ(0) = 0, we can derive a convergence rate of
f(t)→ feq.

If the equation has the weaker property that

D(f) = 0 and Af = 0⇒ f = feq,

this property is called ‘hypocoercivity’. In this case we can expect a convergence rate off(t)→
feq if we construct an intermediate functionalK(f) such that

(1) D(f)≥ Φ(K(f)),

(2) K(f) = 0⇒ f ∈M = {f : D(f) = 0},
and

(3)
d2(K(f))

dt2
+Φ2(K(f))≥ Φ1(H(f)−H(feq)),

whereΦ, Φ1 andΦ2 are appropriate positive functions. In this survey paper the author treats the
linear transport equation

∂tf + v∂xf(t, x, v) = f − f(t, x, v)

and explains the idea of hypocoercivity in detail, and further he gives a review on the applications
in earlier works to the Fokker-Planck equation

Af =−v ·∇xf +∇xV ·∇vf +∇v · (∇vf + vf),

/mathscinet
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the linear Boltzmann equation

Af =−v ·∇xf +x ·∇vf − ρfM + f, ρf =
∫

fdv,

and the nonlinear Boltzmann equation

Af =−v ·∇xf +Q(f).

{For the entire collection seeMR2238855 (2007b:35006)}
Reviewed byMitsuhiro Nakao
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Strong, David M.; Aujol, Jean-François (F-ENSET-AM); Chan, Tony F. (1-UCLA)
Scale recognition, regularization parameter selection, and Meyer’sG norm in total variation
regularization. (English summary)
Multiscale Model. Simul.5 (2006),no. 1,273–303 (electronic).

Total variation (TV) based regularization as first proposed by Rudin, Osher and Fatemi (ROF) has
been proven effective in preserving edges while recovering images. The unconstrained formulation
of the ROF model reads as

min
u

aTV (u) + ‖u− I‖L2,

whereI is the observed noisy image,u is the approximation to the true imageutrue, which is
related toI by I = utrue+ noise, andTV (u) =

∫
|du| is the TV norm ofu.

This paper investigates how TV regularization naturally recognizes the scale of individual fea-
tures in images, and shows how perception of scale varies with increasing amounts of regulariza-
tion, i.e., the increasing value ofa in the above model. The notion of the scale is geometrically
defined as the area of a feature divided by its perimeter in their early work.

The authors provide an algorithm for determining the minimum value ofa that is large enough to
result in removing all the features below a given scale threshold. This algorithm is an iterative pro-
cess based on the standard bisection method and driven by the geometry of the image. Numerical
results have shown its effectiveness.

This algorithm is also analyzed in this paper from the perspective of the MeyerG norm. The
connection between the scale and theG norm helps give a more intuitive understanding of theG
norm, and also gives some insight into this algorithm.

At the end of the paper, the authors explore two other applications of scale recognition. One is to
determine at exactly which locations there is a feature below any given scale. This leads to some
insight into multi-scale and scale-space effects of TV regularization. The other is to use the ability
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of determining scale at each discrete location in an image to examine the rate of loss of image
features of various scales asa increasing. Numerical results are given to support their study.

Reviewed byYun Mei Chen
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Desvillettes, L.(F-ENSET-AM)
About the large time behavior of dissipative equations when a priori bounds are slowly
growing.
‘‘ WASCOM2005’’—13th Conference on Waves and Stability in Continuous Media, 193–203,
World Sci.Publ., Hackensack, NJ, 2006.

Summary: “We are interested in obtaining explicit rates of convergence toward the equilibrium
for equations having a Lyapunov functional (entropy). We assume that the dissipation of entropy
dominates the entropy itself. However, instead of being independent of time, we only suppose that
the rate of this domination deteriorates slightly when the time goes to infinity. Such a situation was
described first by Toscani and Villani in the context of the Boltzmann equation (and its variants
when grazing collisions are predominant). We show here how the estimate of convergence toward
equilibrium obtained there can be used to establish new (global in time) a priori estimates for the
equation under study, which, in turn, sometimes enables the rate of convergence toward equilibrium
to be found. Examples of applications of these ideas are taken from works in collaboration
with C. Mouhot [“Large time behavior of the a priori bounds for the solutions to the spatially
homogeneous Boltzman equation with soft potentials”, Preprint No. 2005-02, Centre Math. Leurs
Appl. (CMLA), Cachan, 2005] and K. Fellner [“Entropy methods for reaction-diffusion equations:
degenerate diffusion and slowly growing a priori bounds”, Preprint No. 2005-19, CMLA, Cachan,
2005], respectively for homogeneous kinetic equations and reaction-diffusion systems.”
{For the entire collection seeMR2227253 (2006m:00012)}
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Miller, Michael I. (1-JHOP-CIS); Trouvé, Alain (F-ENSET-AM);
Younes, Laurent (1-JHOP-CIS)
Geodesic shooting for computational anatomy. (English summary)
J. Math. Imaging Vision24 (2006),no. 2,209–228.

Summary: “Studying large deformations using a Riemannian approach has been an efficient way to
generate metrics between deformable objects, and to provide accurate, nonambiguous and smooth
matchings between images. In this paper, we study the geodesics of such large deformation dif-
feomorphisms, and more precisely, introduce a fundamental property that they satisfy, namely
the conservation of momentum. This property allows us to generate and store complex deforma-
tions with the help of one initial ‘momentum’ which serves as the initial state of a differential
equation in the group of diffeomorphisms. Moreover, it is shown that this momentum can also be
used to describe a deformation of given visual structures, like points, contours or images, with the
same dimension as the described object, as a consequence of the normal momentum constraint we
introduce.”

Reviewed byTian Zhou Xu
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Durand, S. [Durand, Sylvain] (F-PCRD-LFD);
Nikolova, M. [Nikolova, Mila] (F-ENSET-AM)
Stability of the minimizers of least squares with a non-convex regularization. II. Global
behavior. (English summary)
Appl. Math. Optim.53 (2006),no. 3,259–277.

The authors consider a problem of minimizing an objective function which is the sum of a quadratic
data-fidelity term and a regularization term. They study the stability of the minimizers of such an
objective function when the regularization term is piecewiseCm (with m ≥ 2) and non-convex.
In the first part of their work [Appl. Math. Optim.53 (2006), no. 2, 185–208;MR2172785],
local results were established. In this second part they derive corresponding results for global
stability. Their results imply that the data domain contains an open, dense subset such that for each
data point therein the objective function has finitely many local minimizers and a unique global
minimizer.

Reviewed byZili Wu
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Desvillettes, Laurent(F-ENSET-AM); Fellner, Klemens(A-WIENM)
Exponential decay toward equilibrium via entropy methods for reaction-diffusion
equations. (English summary)
J. Math. Anal. Appl.319(2006),no. 1,157–176.

An explicit exponential decay rate toward an equilibrium state is obtained for bounded solutions
of two problems. The first one consists of the system

∂ta− da∆xa =−2(a2− b),
∂tb− db∆xb = a2− b

with homogeneous Neumann boundary conditions and non-negative initial conditions, wherex ∈
Ω⊂ RN andt > 0. The second problem is

∂ta− da∆xa =−ab+ c,

∂tb− db∆xb =−ab+ c,

∂tc− dc∆xc = ab− c

with the same kind of boundary and initial conditions, wherex ∈ Ω⊂ RN andt > 0.
In all these equations,da, db anddc are constant diffusion rates. The decay rates toward constant

steady states are obtained via entropy methods, where, for the first problem, the entropy functional
takes the form

E(a, b) =
∫

Ω
a(ln a− 1) + b(ln b− 1)dx

and the entropy dissipation is given by

D(a, b) = da

∫
Ω

|∇a|2

a
+ db

|∇b|2

b
+(a2− b) ln

a2

b
dx.

Reviewed byArnaud Rougirel
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24. A. Glitzky, R. Ḧunlich, Energetic estimates and asymptotics for electro-reaction-diffusion
systems, Z. Angew. Math. Mech. 77 (1997) 823–832.MR1488954 (98k:35099)

25. A. Haraux, A. Youkana, On a result of K. Masuda concerning reaction-diffusion equations,
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Baranger, Céline; Desvillettes, Laurent(F-ENSET-AM)
Coupling Euler and Vlasov equations in the context of sprays: the local-in-time, classical
solutions. (English summary)
J. Hyperbolic Differ. Equ.3 (2006),no. 1,1–26.

Summary: “Sprays are complex flows which consist of liquid droplets surrounded by a gas. They
can be modeled by introducing a system coupling a kinetic equation (for the droplets) of Vlasov
type and a (Euler-like) fluid equation for the gas. In this paper, we prove that, for the so-called thin
sprays, this coupled model is well-posed, in the sense that existence and uniqueness of classical
solutions hold for small time, provided the initial data are sufficiently smooth and their support
have suitable properties.”

Reviewed byXiaoming Wang
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Fu, Haoying (1-PAS-CE); Ng, Michael K. (PRC-HK); Nikolova, Mila (F-ENSET-AM);
Barlow, Jesse L.(1-PAS-CE)
Efficient minimization methods of mixedl2-l1 and l1-l1 norms for image restoration.
(English summary)
SIAM J. Sci. Comput.27 (2006),no. 6,1881–1902 (electronic).

Summary: “Image restoration problems are often solved by finding the minimizer of a suitable
objective function. Usually this function consists of a data-fitting term and a regularization term.
For the least squares solution, both the data-fitting and the regularization terms are in thel2
norm. In this paper, we consider the least absolute deviation (LAD) solution and the least mixed
norm (LMN) solution. For the LAD solution, both the data-fitting and the regularization terms
are in thel1 norm. For the LMN solution, the regularization term is in thel1 norm but the data-
fitting term is in thel2 norm. Since images often have nonnegative intensity values, the proposed
algorithms provide the option of taking into account the nonnegativity constraint. The LMN and
LAD solutions are formulated as the solution to a linear or quadratic programming problem which
is solved by interior point methods. At each iteration of the interior point method, a structured
linear system must be solved. The preconditioned conjugate gradient method with factorized
sparse inverse preconditioners is employed to solve such structured inner systems. Experimental
results are used to demonstrate the effectiveness of our approach. We also show the quality of the
restored images, using the minimization of mixedl2-l1 andl1-l1 norms, is better than that using
only thel2 norm.”
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Meyer, Yves(F-ENSET-AM)
Oscillating patterns in some nonlinear evolution equations.
Mathematical foundation of turbulent viscous flows, 101–187,Lecture Notes in Math., 1871,
Springer, Berlin, 2006.

This paper surveys in depth several of the claims and successes, but also limitations, surrounding
the use of time-scale methods in solving nonlinear evolution equations. Importantly, in doing so,
Meyer clarifies the role that wavelets can play in this field, and makes precise the parallels, but
also subtle differences with Littlewood-Paley methods. When wavelets possess some modicum
of regularity, they provide characterizations of function space norms in terms of magnitudes of
wavelet coefficients, essentially whenever Littlewood-Paley dyadic decompositions characterize
the given norm.

Meyer emphasizes here that, to understand well-posedness of evolution equations, one has to
understand first the fundamental estimates required for existence and uniqueness. Then one can
ask: is there a function space norm that characterizes when these estimates apply? If so, one can
then ask whether that norm can be characterized, or nearly characterized, in terms of wavelets.

The survey begins with results pertaining to the “model” nonlinear heat equation

∂u

∂t
= ∆u +u3

with
u(x, 0) = u0(x),

or a nonlinear Schrödinger equation (replacing+u3 by−u3), where(x, t) ∈ R3× (0,∞). This is
followed by a detailed discussion of recent progress on the Navier-Stokes equations (NSE)

∂u

∂t
= ∆u− (v ·∇)v−∇p, ∇ · v = 0
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with
v(x, 0) = v0(x),

wherev(x, t) ∈ R3 denotes the velocity andp the pressure. Much of the progress discussed here
is due to Meyer and several of his students, but Kato’s foundational existence theory [see, e.g.,
T. Kato, Math. Z.187 (1984), no. 4, 471–480;MR0760047 (86b:35171)], work of Y. Giga and
T. Miyakawa [Comm. Partial Differential Equations14 (1989), no. 5, 577–618;MR0993821
(90e:35130)] on vortex filaments, H. Koch and D. Tataru’s global existence theorem for small
initial values in∇ · BMO [Adv. Math. 157 (2001), no. 1, 22–35;MR1808843 (2001m:35257)],
and M. E. Schonbek’s optimal global decay estimate [J. Amer. Math. Soc.4 (1991), no. 3, 423–449;
MR1103459 (92j:35148)] are among related results all tied together by a collection of techniques
for describing and bounding oscillatory terms. It is difficult to pull out a typical result in this wide
ranging discussion, but methods for bounding the oscillations∫ t

0
S(t− τ)P∂j(vjv)(·, τ) dτ

provide the main focal point. HereS denotes the heat semigroup, whileP denotes projection
onto divergence-free fields. This part of the paper is not about wavelets per se, but an interesting
discussion of why wavelets can have at most limited success in numerical analysis of NSE is
included.

The last technical part of the survey addresses recent progress on improved Gagliardo-Nirenberg
inequalities and the space of functions of bounded variation. Here, a fundamental wavelet esti-
mate due to A. Cohen et al. [Rev. Mat. Iberoamericana19 (2003), no. 1, 235–263;MR1993422
(2004f:42051)] is used to prove the inequality

‖f‖2 ≤ C(‖f‖BV‖f‖∗)1/2.

Here, ‖ · ‖∗ is the norm in the homogeneous Besov spaceḂ−1,∞
∞ of distributions such that

|〈f, g(a,b)〉| are uniformly bounded, whereg = exp(−π|x|2) andg(a,b,)(x) = ag(a(x− b)). Meyer
also provides a “non-wavelet” proof of this estimate which, fortunately, was not discovered before
refinements of the wavelet estimates, which are also outlined here.
{For the entire collection seeMR2196359 (2006i:76001)}
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FMathematical foundation of turbulent viscous flows.
Lectures from the International C.I.M.E. (Centro Internazionale Matematico Estivo) Summer
School held in Martina Franca, September 1–5, 2003.
Edited by M. Cannone and T. Miyakawa.
Lecture Notes in Mathematics, 1871.
Springer-Verlag, Berlin, 2006.x+253pp. $59.95.ISBN978-3-540-28586-1; 3-540-28586-5

Contents: Peter Constantin, Euler equations, Navier-Stokes equations and turbulence (1–43)
MR2196360 (2007c:76001); Giovanni Gallavotti, CKN theory of singularities of weak solutions
of the Navier-Stokes equations (45–74)MR2196361 (2006m:76031); Alexandre V. Kazhikhov
[A. V. Kazhikhov], Approximation of weak limits and related problems (75–100)MR2196362
(2006m:35011); Yves Meyer, Oscillating patterns in some nonlinear evolution equations (101–
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From wavelets to atoms. (English summary)
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{This item will not be reviewed individually. For details of the collection in which this item
appears seeMR2205840 (2006i:00013).}
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Durand, S. [Durand, Sylvain] (F-PCRD-LFD);
Nikolova, M. [Nikolova, Mila] (F-ENSET-AM)
Stability of the minimizers of least squares with a non-convex regularization. I. Local
behavior. (English summary)
Appl. Math. Optim.53 (2006),no. 2,185–208.

Many estimation problems amount to minimizing a piecewiseCm objective function, withm≥ 2,
composed of a quadratic data-fidelity term and a general regularization term. It is widely accepted
that the minimizers obtained using non-convex and possibly non-smooth regularization terms are
frequently good estimates. However, few facts are known on the ways to control properties of these
minimizers. The authors’ work is dedicated to the stability of the minimizers of such objective
functions with respect to variations of the data. In this paper they mainly consider the local case.
Focusing on data points such that every local minimizer is isolated and results from aCm−1 local
minimizer function (defined on some neighborhood), they show that all data points for which this
fails form a set whose closure is negligible. For results in the global case see Part II of this study
[S. Durand and M. Nikolova, Appl. Math. Optim.53 (2006), no. 3, 259–277;MR2218728].

Reviewed byZili Wu
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