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Program

September 8

9:00 – 9:10

OPENING

9:10 – 10:50

Diego Pallara “An introduction to infinite-
dimensional analysis” I part

coffee break

11:20 – 13:00

Enrique Zuazua “Control, Hypocoercivity,
Numerics and Machine Learning” I part

lunch

14:20 – 15:00

Ermanno Lanconelli “The caloric Dirichlet
problem: Perron solution, Wiener solution,
Lebesgue solution”

15:00 – 15:40

Luca Lorenzi “On systems of Kolmogorov
equations”

15:40 – 15:55

Davide Augusto Bignamini “L2-theory for
transition semigroups associated to dissipative
systems”

15:55 – 16:10

Annalaura Rebucci “Regularity results for so-
lutions to Kolmogorov equations based on a
blow-up argument”

coffee break

16:40 – 17:20

Markus Kunze “Asymptotic behaviour of
transition semigroups”

17:20 – 18:00

Nicola Garofalo “Heat kernels for a class of
hybrid evolution equations”

walking tour and dinner
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September 9

9:10 – 10:50

Enrique Zuazua “Control, Hypocoercivity,
Numerics and Machine Learning” II part

coffee break

11:20 – 13:00 Diego Pallara “An introduction
to infinite-dimensional analysis” II part

lunch

14:20 – 15:00

Alessandra Lunardi “Good semigroups in
spaces of continuous functions”

15:00 – 15:40

Alessio Porretta “Time decay of controlled dy-
namics and Fokker-Planck equations with con-
fining drift”

15:40 – 15:55

Lorenzo Liverani “On the Moore-Gibson-
Thompson equation with memory with non-
convex kernel”

15:55 – 16:10

Cristian Mendico “Ergodic behavior of control
problem of acceleration”

coffee break

16:40 – 17:20

Davide Addona “Pathwise uniqueness for
SDE by approximations”

17:20 – 18:00

Giorgio Metafune “The spectrum of the
Ornstein-Uhlenbeck operator”

social dinner
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September 10
9:10 – 10:50

Tomàs Caraballo “Stochastic nonlocal partial
differential equations and Wong-Zakai approx-
imations”

09:50 – 10:30 Sergio Polidoro “Mean value
formulas for classical solutions to uniformly
parabolic equations”

coffee break

11:00 – 11:40

Paolo Salani “The intimate relationship be-
tween log-concavity and heat flow”

11:40 – 12:20

Mario Sigalotti “Controllability and stabiliz-
ability of linear difference equations”

12:20 – 13:00

Abdelaziz Rhandi “Instantaneous blowup
and singular potentials on Heisenberg groups”

closing session and lunch
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Abstracts

MAIN COURSES

An introduction to infinite-dimensional analysis

Diego Pallara

Università del Salento
diego.pallara@unisalento.it

Contents

1. Gaussian measures in Hilbert spaces

2. Weak derivatives and Sobolev spaces

3. Ornstein-Uhlenbeck semigroups

4. Functions of bounded variation

5. Perturbed Ornstein-Uhlenbeck semigroups and weighted Gaussian measures

6. Parabolic problems on domains

7. Open problems
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Control, Hypocoercivity, Numerics and Machine Learning

Enrique Zuazua

(Friedrich-Alexander-Universität Erlangen-Nürnberg
Fundación Deusto, Bilbao

Universidad Autónoma de Madrid)
enrique.zuazua@fau.de

https://caa-avh.nat.fau.eu/enrique-zuazua/

Contents

Often, even when evolution PDEs are of dissipative nature, disclosing its sharp decay properties
is a complex issue. The problem becomes even more intricate when dealing with numerical ap-
proximation schemes aiming to guarantee that the numerical solutions are well-behaved asymp-
totically, in the sense that they preserve the large time properties of the PDE solutions.
In this series of lectures, we will first discuss two paradigmatic examples: partially dissipative
systems and Kolmogorov equations, in which we worked in collaboration with K. Beauchard and
A. Porretta, respectively.
Both models present some analogies, related with the need of disclosing the actual impact of par-
tial diffusion on the decay of solutions and its numerical approximations on systems that are,
apparently, of a hyperbolic nature.
We shall show how to combine Fourier analysis, control theoretical tools and hypocoercivity tech-
niques to address these issues.
We shall also discuss control problems for viscoelastic models, involving memory terms, that in-
duce hidden hyperbolic phenomena.
Following joint work with F. Chaves, Q. Lü, L. Rosier and X. Zhang, we shall show that the model
can be written as a coupled parabolic-ODE system. This will allow us to show the relevance of
employing moving actuation mechanisms to efficiently control the dynamics of the system.
We shall conclude describing a number of open problems and directions of future research.
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SEMINARS

Pathwise uniqueness for SDE by approximations

Davide Addona

Università degli Studi di Parma
davide.addona@unipr.it

Abstract

In 1974 Zvonkin ([1]) provided sufficient conditions to ensure existence and uniqueness of a
strong solution for a stochastic differential equation (SDE) by means of a solution to a parabolic
PDE and the Itô’s formula. This method, called “Zvonkin method”, has been developed and
improved by several authors also in infinite dimension, see e.g. [2], where the passage to infi-
nite dimension follows from finite dimensional approximations and the results can be applied to
stochastic heat equation with irregular drift. In [3] the authors replace Itô’s formula with a system
of forward-backward stochastic differential equations (FBSDE) and prove pathwise uniqueness
for a stochastic wave equation with irregular drift B, whose abstract formulation is

dXt = AXtdt+GB(t,Xt)dt+GdWt, X0 = x0 ∈ H. (1)

However, this approach only works for operators A which generate a group of bounded linear
operators on the Hilbert space H .

In our paper we generalize the approach of [3]: we consider the SDE (1) where the operator A
generates a semigroup of bounded linear operators and we take some approximations An of A
which satisfy suitable conditions. Thanks to a family of systems of FBSDE associated to An we
prove pahwise uniqueness for (1). We provide two concrete examples to which our results apply:
in the former we consider a stochastic damped wave equation with irregular drift and An are
the Yosida approximants of A, in the latter we consider a stochastic heat equation and An are the
finite dimensional approximations of A, and we recover (with some improvement) the results in
[2].

Finally, we stress that in the paper we prove “directional” energy estimates for the control prob-
lem associated to the damped wave equation which, to the best of our knowledge, are new and
have their own interest.

References
[1] A. K. Zvonkin, A transformation on the phase space of a diffusion process that removes the

drift, Math. Sb., 1974.

[2] G. Da Prato, F. Flandoli, Pathwise uniqueness for a class of SDE in Hilbert Spaces and applica-
tions, J. Funct. Anal., 2009.

[3] F. Masiero, E. Priola, Well-posedeness of semilinear stochastic wave equations with Hölder
continuous coefficients, J. Diff. Equat., 2017.
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Stochastic nonlocal partial differential equations
and Wong-Zakai approximations

Tomás Caraballo

Universidad de Sevilla
caraball@us.es

Abstract
This talk is devoted to investigating the well-posedness and asymptotic behavior of a class of
stochastic nonlocal partial differential equations driven by nonlinear noise. First, the existence,
uniqueness and continuous dependence on initial values are established by using the technique
of variational (weak) solutions. Second, the asymptotic local stability of steady-state solutions
is analyzed either when the steady-state solutions of the deterministic problem is also solution
of the stochastic one, or when this does not happen. Next, to study the global asymptotic be-
havior, namely, the existence of attracting sets of solutions, we consider an approximation of the
noise given by Wong-Zakai’s technique using the so called colored noise. For this model, we
can use the power of the theory of random dynamical systems and prove the existence of ran-
dom attractors. Eventually, particularizing in the cases of additive and multiplicative noise, it is
proved that the Wong-Zakai approximation models possess random attractors which converge
upper-semicontinuously to the respective random attractors of the stochastic equations driven
by standard Brownian motions. This fact justifies the use of this colored noise technique to ap-
proximate the asymptotic behavior of the models with general nonlinear noises, although the
convergence of attractors and solutions is still an open problem.
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Heat kernels for a class of hybrid evolution equations

Nicola Garofalo

Università degli Studi di Padova
nicola.garofalo@unipd.it

Abstract

In this talk I discuss the construction of explicit heat kernels for a class of hybrid evolution equa-
tions of interest in conformal CR geometry and in the applied sciences. By hybrid I mean that the
relevant partial differential operator appears in the form L1 + L2 − ∂t, but the variables cannot
be decoupled. Consequently, the relative heat kernel cannot be written as the product of the heat
kernels of the operators L1 − ∂t and L2 − ∂t. This is joint work with Giulio Tralli.

Asymptotic behaviour of transition semigroups

Markus Kunze

Universität Konstanz
markus.kunze@uni-konstanz.de

Abstract

We present an abstract result that characterises convergence of strong Feller semigroups in terms
of an ergodicity condition. We illustrate this result by applying it to several examples arising from
(systems) of partial differential equations. This talk is based on joined work with Moritz Gerlach
and Jochen Glück.
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The caloric Dirichlet problem:
Perron solution, Wiener solution, Lebesgue solution

Ermanno Lanconelli

Alma Mater Studiorum Università degli Studi di Bologna
ermanno.lanconelli@unibo.it

Abstract

We compare the Perron, Wiener and Lebesgue methods to construct generalized solution of the
Dirichlet problem for the heat equation on general bounded open subset of the Euclidean space-
time. We also show how to construct the Perron solution with a very elementary procedure.

On systems of Kolmogorov equations

Luca Lorenzi

Università degli Studi di Parma
luca.lorenzi@unipr.it

Abstract
n this talk we will survery about some recent results on systems of elliptic and parabolic equations
with unbounded coefficients defined in whole Rd. Particular attention will be paid to the Lp-
setting.
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Good semigroups in spaces of continuous functions

Alessandra Lunardi

Università degli Studi di Parma
alessandra.lunardi@unipr.it

Abstract

I will consider semigroups of bounded operators Pt acting in the space Cb(X) of the bounded
continuous functions from a separable Banach space X to R. In this framework, “good" means
that for every f ∈ Cb(X) the function (t, x) 7→ Ptf(x) is continuous in [0,+∞) × X , and there
exist M > 0, ω ∈ R such that ‖Ptf‖∞ ≤Meωt‖f‖∞ for every t ≥ 0, f ∈ Cb(X).

The generator of Pt in the space Cb(X) is the operator L whose resolvent R(λ, L) is given by

(R(λ, L)f)(x) =

∫ ∞
0

e−λtPtf(x) dt, λ > ω.

I will talk about some familiar properties of strongly continuous semigroups that have suitable
generalizations to this setting.

A large class of such semigroups are the so called “generalized Mehler semigroups", that may be
expressed as

Ptf(x) =

∫
X

f(Ttx+ y)µt(dy), f ∈ Cb(X),

where Tt is a strongly continuous semigroup inX , and {µt : t ≥ 0} is a family of probability Borel
measures, weakly continuous with respect to t ∈ [0,+∞). In this case, the generators are pseudo-
differential operators. In finite dimension (X = Rn) they include the Laplacian and the pow-
ers of −∆, all Ornstein-Uhlenbeck operators, and Ornstein-Uhlenbeck operators with fractional
diffusion part. In infinite dimension they include again different types of Ornstein-Uhlenbeck
operators, the Gross Laplacian ∆G and (−∆G)α for α ∈ (0, 1).

For such semigroups and generators several regularity results will be reviewed.
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The spectrum of the Ornstein–Uhlenbeck operator

Giorgio Metafune

Università del Salento
giorgio.metafune@unisalento.it

Abstract

We describe the spectrum of degenerate hypoelliptic Ornstein-Uhlenbeck operators

A =

n∑
i,j=1

qij∂
2
xixj

+

n∑
i,j=1

bijxj∂xi

in Lp(Rn), 1 ≤ p < +∞, and in C0(Rn). We show that the spectrum of A is the sum of (−∞, 0]

and the spectrum of the drift term. Our result gives a complete picture of the spectral properties
of Ornstein-Uhlenbeck operators in Lp spaces.

Mean value formulas for classical solutions to uniformly
parabolic equations

Sergio Polidoro

Università degli Studi di Modena e Reggio Emilia
sergio.polidoro@unimore.it

Abstract

We prove surface and volume mean value formulas for classical solutions to uniformly parabolic
equations in divergence form. We emphasize that our results rely on the classical PDEs theory,
and on a fine result due to Dubovickii on the regularity the level sets of functions. We also discuss
some generalization of our main result to the subelliptic setting. This is a joint work in collabora-
tion with Diego Pallara and Emanuele Malagoli.
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Time decay of controlled dynamics and Fokker-Planck equations
with confining drift

Alessio Porretta

Università di Roma Tor Vergata
porretta@axp.mat.uniroma2.it

Abstract

The convergence to equilibrium of Fokker-Planck equations with confining drift is a classical
issue, starting with the basic model of the Ornstein-Uhlenbeck process. We introduce a new
approach to obtain estimates on the time decay rate, which applies to both local and nonlocal
diffusions. This is based on duality arguments and oscillation estimates for transport-diffusion
equations. The motivation and application of these results stem from the study of long time
behavior of solutions in mean field game theory.
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Instantaneous blowup and singular potentials
on Heisenberg groups

Abdelaziz Rhandi

Università degli Studi di Salerno
arhandi@unisa.it

Abstract

In this talk we study the existence and nonexistence of positive solutions to

(P )HN


∂u

∂t
= ∆HN + V∗u+ f in HN × (0, T ),

u(w, 0) = u0(w) w ∈ HN ,

where HN is the Heisenberg group, u0 ≥ 0, 0 ≤ f ∈ L1(HN × (0, T )) and

V∗(w) = c
|z|2

|z|4 + l2
, w = (z, l) ∈ HN .

More precisely, set Vn(w) = min{V∗(w), n}, fn(w, t) = min{f(w, t), n}. Let un be the unique
nonnegative solution of

(Pn)HN


∂un
∂t

= ∆HNun + Vnun + fn in HN × (0, T ),

un(w, 0) = u0(w) w ∈ HN .

We prove, for un the solution of (Pn)HN , that

(I) If 0 < c ≤ N2, then

lim
n→∞

un(w, t) = u(w, t), (w, t) ∈ HN × (0, T ),

exists and is a solution of (P )HN .

(II) If c > N2, then
lim
n→∞

un(w, t) = +∞ (2)

for all (w, t) ∈ HN × (0, T ).

The conclusion in (II), namely (2), is known as instantaneous blowup, or (IBU) for short. This
generalizes the (IBU) result from [1] and [2] to the heat equation perturbed by singular potentials
on the Heisenberg group.

This is a joint work with G.R. Goldstein, J.A. Goldstein, A.E. Kogoj and C. Tacelli.

References
[1] P. Baras and J.A. Goldstein, The heat equation with singular potential, Trans. Amer. Math. Soc.

284 (1984), 121–139.

[2] J.A. Goldstein and Q.S. Zhang, On a degenerate heat equation with a singular potential, J. Funct.
Anal. 186 (2001), 342–359.
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The intimate relationship between log-concavity and heat flow

Paolo Salani

Università degli Studi di Firenze
salani@math.unifi.it

Abstract

The talk will be based on some papers in collaboration with Kazuhiro Ishige (The University of
Tokyo) and Asuka Takatsu (Tokyo Metropolitan University) where we investigate the preserva-
tion of concavity properties by heat flow. In particular, in our latest paper, we prove that, when
starting with an initial datum which is not concave enough (precisely, if it shares any concavity
strictly weaker than log-concavity), then the solution to the Dirichlet heat flow may lose immedi-
ately any reminiscence of concavity. In this way we almost complete the study of preservation of
concavity by the Dirichlet heat flow, started by Brascamp and Lieb in 1976.

Controllability and stabilizability of linear difference equations

Mario Sigalotti

Centre Inria de Paris
Sorbonne Université
mario.sigalotti@inria.fr

Abstract

Linear difference equations can be used to study the behavior of simple controlled hyperbolic
systems. In this talk we present some results on the stabilizability and exact/approximate con-
trollability of linear difference equations. The talk is based on joint works with Y. Chitour, S.
Fueyo and G. Mazanti.
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MINI TALKS

L2-theory for transition semigroups
associated to dissipative systems

Davide Augusto Bignamini

Università degli Studi di Parma
davideaugusto.bignamini@unimore.it

Abstract
LetX be a real separable Hilbert space. LetC be a linear, bounded and positive operator onX and
let A be the infinitesimal generator of a strongly continuous semigroup on X . Let {W (t)}t≥0 be
a X -valued cylindrical Wiener process on a filtered (normal) probability space (Ω,F , {Ft}t≥0,P).
Let F : D(F ) ⊆ X → X be a smooth enough function. Under suitable conditions on A, C and F

the following semilinear stochastic partial differential equation{
dX(t, x) =

(
AX(t, x) + F (X(t, x))

)
dt+

√
CdW (t), t > 0;

X(0, x) = x ∈ X ,

has a unique generalized mild solution {X(t, x)}t≥0. We consider the transition semigroup de-
fined by

P (t)ϕ(x) := E[ϕ(X(t, x))], ϕ ∈ Bb(X ), t ≥ 0, x ∈ X .

If O is an open set of X , we consider the stopped semigroup defined by

PO(t)ϕ(x) := E
[
ϕ(X(t, x))I{ω∈Ω : τx(ω)>t}

]
, ϕ ∈ Bb(O), x ∈ O, t > 0

where τx is the stopping time defined by

τx = inf{s > 0 : X(s, x) ∈ Oc}.

We will study the infinitesimal generators of P (t) and PO(t) inL2(X , ν) andL2(O, ν) respectively,
where ν is the unique invariant measure of P (t). In particular, we will focus on investigating how
these two semigroups are related to the second order Kolmogorov operator formally defined by

Nϕ(x) :=
1

2
Tr[C∇2ϕ(x)] + 〈Ax+ F (x),∇ϕ(x)〉.
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On the Moore-Gibson-Thompson equation
with memory with nonconvex kernels

Lorenzo Liverani

Politecnico di Milano
lorenzo.liverani@polimi.it

Abstract

We consider the MGT equation with memory

∂tttu+ α∂ttu− β∆∂tu− γ∆u+

∫ t

0

g(s)∆u(t− s)ds = 0.

We prove an existence and uniqueness result removing the convexity assumption on the convo-
lution kernel g, usually adopted in the literature. In the subcritical case αβ > γ, we establish the
exponential decay of the energy, without leaning on the classical differential inequality involving
g and its derivative g′, namely,

g′ + δg ≤ 0, δ > 0,

but only asking that g vanishes exponentially fast. This is a joint work with Vittorino Pata and
Monica Conti.

Ergodic behavior of control problem of acceleration

Cristian Mendico

GSSI-Gran Sasso Science Institute
Université Paris Dauphine

cristian.mendico@gssi.it

Abstract
The aim of this talk is to present the recent results obtained in collaboration with P. Cardaliaguet
concerning the study of the long time behavior of control system of acceleration. The Hamiltonian
associated with such systems fails to be coercive and strictly convex w.r.t. momentum variable.
Hence, the classical results on the asymptotic behavior of solutions to the Hamilton-Jacobi equa-
tion cannot be applied. In particular, due to the lack of locally small time controlla- bility there
are no continuous viscosity solution to the ergodic Hamilton-Jacobi equation and thus new ideas
are needed.
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Regularity results for solutions to Kolmogorov equations based
on a blow-up argument

Annalaura Rebucci

Università di Modena e Reggio Emilia
annalaura.rebucci@unipr.it

Abstract

The regularity results for classical solutions to degenerate Kolmogorov equations rely on a suit-
able intrinsic non-Euclidean geometry. We here present some Schauder estimates for classical so-
lutions to Kolmogorov equations in non-divergence form with Dini-continuous coefficients con-
tained in [1]. One of the main achievements of this presentation is an intrinsic Taylor expansion
under minimal regularity assumptions on the solutions. In particular, the degeneracy of the Kol-
mogorov equations yields a non isotropy in the Taylor expansion of functions that have a certain
degree of regularity. Furthermore, we will discuss new pointwise regularity results and a Taylor-
type expansion up to second order with estimate of the rest in Lp norm (see [2]). The proofs of
both results are based on a blow-up technique.

References
[1] S. POLIDORO, A. REBUCCI, B. STROFFOLINI, Schauder type estimates for degenerate Kolmogorov

equations with Dini continuous coefficients, preprint arXiv:2102.10381 [math.AP] (2021).

[2] E.IPOCOANA AND A.REBUCCI, Pointwise estimates for degenerate Kolmogorov equations with Lp-
source term, preprint arXiv:2105.02152 [math.AP] (2021).
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