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General Information

Welcome to the workshop on regularity aspects of linear growth functionals at the

University of Augsburg! This booklet provides information about the workshop, the

infrastructure and all scientific and social activities.

We wish you an inspiring workshop and a pleasant stay in Augsburg.

Registration

From 8:30am till 9:00am on Monday, September 9th, registration is possible in the

lobby of the mathematical institute (building L1, see the map on the last page).

If you arrive later, please contact one of the organizers during one of the coffee

breaks in order to receive your conference folder.

Lecture Hall

The main venue of the workshop is the lecture hall 1005 in the ground floor in the

mathematical institute (building L1, see the map on the last page). All coffee breaks

will take place in room 2004 on the first floor.

Social and Working Rooms

In the mathematical institute on the first floor, you can have a coffee and a chat in

the seminar rooms 2004 and 2006.

WiFi Access

You have access to the WiFi either via your eduroam account or the free (not

encrypted) WiFi network @BayernWLAN.
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Public Transportation

The closest tram stop to the venue of the workshop is Augsburg Universität (tram

line 3). This stop is within 3 minutes walking distance from the lecture hall. See

campus map.

Please note that the tram runs about every 7 minutes and that it takes 11 minutes

to arrive from Augsburg Königsplatz in the city center. You can buy a single ticket

(3,00 Euro) either at the ticket machine (don’t forget to validate it in the tram) or

from the driver. Alternatively you can buy a strip ticket (9 strips for 11,30 Euro)

at the ticket machine and validate 2 strips (i.e. every second one) for each travel

between the city center and the university campus.

Mensa

The university cafeteria is located in the building M1 (next to the tram station, see

the map on the last page) and offers lunch from 11:30am until 1:30pm.

For lunch you will receive vouchers at the beginning of the workshop. In case you

want to buy food or drinks on the university campus apart from lunch please note

that you need to get a MensaCard (paying a deposit) on one of the machines in the

lobby of the university cafeteria. You can charge this MensaCard with banknotes

(or EC-card), but not with coins. The remaining credit on your card after the last

usage and the deposit can be paid out at the machine Rückzahler in the ground

floor of the mensa building only.

Conference Dinner

The conference dinner takes place on Tuesday, September 10th, starting from 7pm,

at Riegele WirtsHaus, Frölichstraße 26, 86150 Augsburg (close to the main train

station and in walking distance from the recommended hotels). This is the most

famous brewery of Augsburg and offers a large variety of typical Bavarian food (and

also some vegetarian meals).
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Restaurants close to Campus

For dinner there is no food available on campus, but passing the main tram station

coming from the university there are some restaurants close by, for example:

• Il Porcino (Salomon-Idler-Straße 24B, 86159 Augsburg) is an Italian restau-

rant.

• Presto Pizza Service (Salomon-Idler-Straße 24C, 86159 Augsburg) is a simple

fast food place offering in particular doner kebab.

• Mosaik (Salomon-Idler-Straße 24D, 86159 Augsburg) is a small place offering

Eastern-European food.

• Unicum (Salomon-Idler-Straße 24F, 86159 Augsburg) is a simple students

restaurant directly at the tram station.

• Mr. Onions (Salomon-Idler-Straße 51, 86159 Augsburg) is a bar and Burger

place.

Restaurants in the City Center

There are a lot of restaurants in Augsburg, and therefore, we only point out a few

which are located in the city center, close to your hotels.

• Bayerisches Haus am Dom (Johannisgasse 4, 86152 Augsburg) is a tradi-

tional Bavarian-Swabian restaurant.

• 1516 (Viktoriastraße 1, 86150 Augsburg) is a brew pub inside the main train

station and offers typical Bavarian-Swabian food.

• Mom’s Table (Maximilianstraße 77, 86150 Augsburg) is a quite small restau-

rant which offers daily menues of vegan, organic food.

• Picnic (Maximilianstraße 41, 86150 Augsburg) is located right in the city

center. You can get fresh and healthy food there, or just come for a drink.

• Pizzeria Dragone (Wintergasse 3, 86150 Augsburg) offers decent pizza pre-

pared in a brick oven.

• Ratskeller (Rathausplatz 2, 86150 Augsburg) is located in basement of the

old town hall (reconstructed after the second World War) and offers mostly

local Swabian meals, but also a large variety of Cocktails.

• Riegele WirtsHaus (Frölichstraße 26, 86150 Augsburg) is an excellent place

to enjoy some of the most famous beer from Augsburg, with some typical

Bavarian-Swabian food.

• Sangam (Hunoldsgraben 34, 86150 Augsburg) is one of the best restaurants

for Indian food in Augsburg and located in the former quarter of craftsmen.

• Sausalitos (Maximilianstraße 37, 86150 Augsburg) is a good place to have a

Cocktail (and some Mexican-type food).
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• Kaffeehaus im Thalia (Obstmarkt 5, 86152 Augsburg) is a small coffee and

restaurant place with a small, but good food selection (from snacks to salads

up to full meals).

The following map gives you a rough orientation.

In Case of Problems ...

... or if you have any needs or questions concerning the workshop, please feel free

to contact any of the organizers, the secretary or the local participants.
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Schedule

All talks are in room 1005 (building L1).

Monday Tuesday Wednesday

9:00 – 10:00 Mingione Bildhauer Buĺıček

10:00 – 10:30 De Filippis Schätzler Maringová

10:30 – 11:00 — Coffee Break —

11:00 – 12:00 Diening Schmidt Süli

12:00 – 14:00 — Lunch Break —

14:00 – 15:00 Scheven Van Schaftingen Málek

15:00 – 15:30 Lahti Raiţă Closing

15:30 – 16:00 — Coffee Break —

16:00 – 17:00 Focardi Free Afternoon End of Workshop
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Abstracts

Main Talks

Michael Bildhauer (Saarland University)
Some Analytical Results for Image Restoration

Methods of Linear Growth Type

Different linear growth methods for the restoration of images are discussed.

In the first part we concentrate on several variational approaches, which in the

case of appropriate ellipticity conditions lead to regular solutions.

The so called Edge-Enhancing Anisotropic Diffusion used for image compression

is studied in the second part of the talk. The underlying integrodifferential operator

under consideration is based on the so called Charbonnier diffusivity w.r.t. a Gauss-

ian kernel which operates across the edge direction. Here we prove the existence of

solutions via fixed point arguments and discuss apriori estimates of suitable iterated

sequences.

The results were obtained as joint work with Marcelo Cárdenas, Martin Fuchs

and Joachim Weickert.

Miroslav Buĺıček (Charles University of Prague)
Limiting Strain Models in Theory of Viscoelasticity

We discuss the model for viscoelasticity with implicitly given form of the Cauchy

stress tensor. We simplify the model by considering only small deformation and

show that under certain assumptions we can introduce physically consistent model

that a priori guarantees that the strain is small and therefore compatible with the

assumption used in linearisation. Finally, we discuss the mathematical properties of

such model and most importantly we show that it leads to the parabolic/hyperbolic

problem with the linear growth for the part of the Cauchy stress. The existence the-

ory is known in one dimensional setting and we shall discuss possible generalizations

to arbitrary dimensions.
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Lars Diening (University of Bielefeld)
Higher Regularity of the p-Poisson Equation in the

Plane

We study the p-Laplace equation in two dimensions with right-hand side given

in divergence form. We show that the Besov regularity up to order one transfers

directly from the data to the flux. Our result covers the superquadratic case. The

results fails in the subquadratic case.

This is joint work with Anna Kh. Balci and Markus Weimar.

Matteo Focardi (University of Florence)
How a Minimal Surface Leaves a Thin Obstacle

In this talk, I will present some recent results on the optimal regularity of the

solution to the thin obstacle problem for nonparametric minimal surfaces with zero

obstacle. A detailed analysis of the global structure of the related free boundary, in

particular its local finiteness in measure and its rectifiability, will be also considered.

This is joint work with Emanuele Spadaro (U. Roma La Sapienza).

Josef Málek (Charles University of Prague)
On Evolutionary Problems with a-priori Bounded

Gradient

We study a nonlinear evolutionary partial differential equation that can be viewed

as a generalization of the heat equation where the temperature gradient is a priori

bounded but the heat flux has merely linear growth and provides L1-coercivity. We

use the concept of renormalized solution and higher differentiability techniques to

prove the existence and uniqueness of weak solution with L1-integrable heat-flux for

all values of the material parameters. Under some more restrictive assumptions on

the material parameter, we prove higher integrability of the heat flux. This is a joint

work with Miroslav Buĺıček and David Hruška.

Some key ideas of the approach comes from the result concerning analysis of

nonlinear solids with bounded linearized strain presented in the paper: Beck, L.,

Buĺıček, M., Málek, J., Süli, E.: On the existence of integrable solutions to nonlinear

elliptic systems and variational problems with linear growth. Arch. Ration. Mech.

Anal. 225 (2017) 717–769.

We will also relate the studied problem to the problems in fluid mechanics.
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Giuseppe Mingione (University of Parma)
A Soup of Lipschitz Estimates, with Uniformly and

Non-uniformly Elliptic Ingredients

I am going to give a review of basic Lipschitz estimates for elliptic problems,

covering both the uniformly and the non-uniformly elliptic case. Special emphasis

is put on the variational case.

Christoph Scheven (University of Duisburg-Essen)
Variational Solutions of the Obstacle Oroblem for the

Total Variation Flow

We present existence results for the obstacle problem associated to the total vari-

ation flow. For regular obstacles, we use the method of minimizing movements to

construct variational solutions in the spirit of Lichnewsky and Temam. This re-

sult can be extended to more irregular obstacles by a stability method. Finally, we

study the case of thin obstacles, in which we have to consider a relaxation of the

total variation functional. This relaxation uses an (n − 1)-dimensional variational

measure that was introduced by De Giorgi, Colombini & Piccinini for the analysis

of the related stationary problem of minimal surfaces with thin obstacles.

Thomas Schmidt (University of Hamburg)
Higher Integrability for Almost-Minimizers of the

Mumford-Shah Functional

A result of De Philippis and Figalli gives higher integrability for the gradient of

minimizers of the Mumford-Shah functional. The talk will report on a joint work

with S. Piontek which extends the higher integrability result to a natural class of

almost-minimizers.

Endre Süli (University of Oxford)
Finite Element Approximation of a Limited-Strain

Elastic Model

On a bounded domain Ω ⊂ Rd, d ∈ {2, 3}, and a given external force f : Ω→ Rd,

we consider the elastic model

−div(T ) = f in Ω,
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where the stress tensor T is related to the strain tensor εu := 1
2
(∇u + (∇u)T), for

a given displacement vector u, via a nonlinear constitutive relation of the form

εu = λ(Tr(T ))Tr(T )I + µ(|T d|)T d in Ω.

Here λ ∈ C0(R) and µ ∈ C0([0,+∞)), with s ∈ R 7→ λ(s)s ∈ C1(R) and s ∈ R 7→
µ(s)s ∈ C1([0,∞)), are given functions, and T d denotes the deviatoric part of the

tensor T , defined by

T d := T − 1

d
Tr(T )I.

In addition to the above regularity hypotheses on λ and µ, we assume that λ and µ

satisfy, for some positive constants C1, C2, κ and α, the following inequalities:

C1s
2

κ+ |s|
≤ λ(s)s2 ≤ C2|s| ∀ s ∈ R;(A1)

C1s
2

κ+ s
≤ µ(s)s2 ≤ C2s ∀ s ∈ R≥0;(A2)

0 ≤ d

ds
(λ(s)s) ∀ s ∈ R;(A3)

C1

(κ+ s)α+1
≤ d

ds
(µ(s)s) ∀ s ∈ R>0.(A4)

The inequalities in (A1) and (A2) imply that

|λ(s)s| = λ(s)|s| ≤ C2 ∀ s ∈ R and µ(s) ≥ 0, µ(s) s ≤ C2 ∀ s ∈ R≥0.

Hence, the system will only exhibit finite strain even when the magnitude of the

stress tensor tends to ∞.

We construct a finite element approximation of this limited-strain elastic model.

The sequence of finite element approximations is shown to exhibit strong conver-

gence to the unique weak solution of the model. Assuming that the material param-

eters featuring in the model are Lipschitz-continuous, and assuming that the weak

solution has additional regularity, the sequence of finite element approximations is

shown to converge with a rate. The theoretical results are illustrated by numerical

experiments.

The talk is based on the joint paper [2] with Andrea Bonito (Texas A&M) and

Vivette Girault (Paris VI), which was motivated by the papers [1] and [3], with

Lisa Beck (Augsburg), Miroslav Buĺıček (Charles University Prague), Josef Málek

(Charles University Prague), and Kumbakonam Rajagopal (Texas A&M).

[1] L. Beck, M. Buĺıček, J. Málek, E. Süli. On the existence of integrable solutions to nonlinear

elliptic systems and variational problems with linear growth. Arch. Ration. Mech. Anal. 225

(2017), no. 2, 717–769.

[2] A. Bonito, V. Girault, E. Süli. Finite element approximation of a strain-limiting elastic

model. IMA Journal of Numerical Analysis, dry065, https://doi.org/10.1093/imanum/dry065.

Published electronically on 29 October 2018.

[3] M. Buĺıček, J. Málek, K. Rajagopal, E. Süli. On elastic solids with limiting small strain:

modelling and analysis. EMS Surv. Math. Sci. 1 (2014), no. 2, 283–332.
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Jean Van Schaftingen (UCLouvain)
Endpoint Eestimates in Lorentz Spaces for Vector

Fields

Endpoint Gagliardo-Nirenberg-Sobolev embeddings have been known to hold for

vector fields with an estimate that depends on a smaller set of combinations of the

full derivative of the vector field, such as the differential and codifferential (J. Bour-

gain and H. Brezis, 2004) or the symmetric part of the derivative (M.J. Strauss,

1973). On the other hand, A. Alvino has obtained in 1977 the corresponding scalar

endpoint estimate in the scale of Lorentz spaces. I will present a new family of

endpoint Lorentz estimates for vector fields.
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Contributed Talks

Cristiana De Filippis (University of Oxford)
Regularity Results for Non-autonomous Functionals

We consider regularity issues for minima of non-autonomous functionals in the

Calculus of Variations exhibiting non-uniform ellipticity features. We provide a few

sharp regularity results for local minimizers that also cover the case of functionals

with nearly linear growth. The analysis is carried out provided certain necessary

approximation-in-energy conditions are satisfied. These are related to the occurrence

of the so-called Lavrentiev phenomenon that non-autonomous functionals might

exhibit, and which is a natural obstruction to regularity. In the case of vector valued

problems we concentrate on higher gradient integrability of minima. Instead, in the

scalar case, we prove local Lipschitz estimates. We also present an approach via a

variant of Moser’s iteration technique that allows to reduce the analysis of several

non-uniformly elliptic problems to that for uniformly elliptic ones.

This is joint work with G. Mingione (Parma).

Panu Lahti (University of Augsburg)
A New Federer-type Characterization of Sets of Finite

Perimeter

Federer’s characterization states that a set is of finite perimeter if and only if the

(n − 1)-dimensional Hausdorff measure of the set’s measure-theoretic boundary is

finite. The measure-theoretic boundary consists of those points where both the set

and its complement have positive upper density. I show that the characterization

remains true if the measure-theoretic boundary is replaced by a smaller boundary

consisting of those points where the lower densities of both the set and its comple-

ment are at least a given number.

Erika Maringová (Charles University of Prague)
On the Regularity of Minimizers of Convex Variational

Problems

We prove the existence of a regular solution to a wide class of convex, variational

integrals. Via technique of construction of the barriers we show that the solution is

Lipschitz up to the boundary. For the linear growth case, we identify the necessary
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and sufficient condition to existence of solution; in the case of superlinear growth,

we provide the sufficient one. The talk is based on the works with L. Beck, M.

Buĺıček, B. Stroffolini and A. Verde.

Bogdan Raiţă (University of Warwick)
On Higher Order Linear L1 Estimates

We consider an endpoint case of the theory of critical linear estimates pioneered

by Bourgain-Brezis-Mironescu and extensively developed by Van Schaftingen. More

specifically, we consider linear elliptic pdes A(D)u = f , where the source term f

is in L1 or a measure and the operator A(D) on Rn has order exactly n. We will

identify conditions in the spirit of Van Schaftingens under which the solution is

bounded or continuous (or neither). The talk will mostly cover joint work with

Anna Skorobogatova.

Leah Schätzler (University of Erlangen-Nürnberg)
Existence for Evolutionary Problems with Linear

Growth by Stability Methods

We establish that variational solutions to the Cauchy-Dirichlet problem

∂tu− div
(
Dξf(x,Du)

)
= 0

for functionals f : Ω×RN×n → [0,∞) of linear growth can be obtained as limits of

solutions to flows with p-growth in the limit p ↓ 1. The result can be interpreted on

the one hand as a stability result. On the other hand it provides an existence result

for general flows with linear growth.
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Notes
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Map of the Campus
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