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Intro

Traffic noise absorbing wall

“Fractal wall” TM, porous material is the cement-wood (acoustic absorbent),
Patent Ecole Polytechnique-Colas, Canadian and US patent
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Intro

Acoustic anechoic chambers

Test semi-anechoic chamber

Test anechoic chamber

the quietest place on earth

6/46



Intro

Irregularity of boundaries
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Intro

Irregularity of boundaries
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Intro

Irregularity of boundaries
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Intro Numerical shape optimization of the noise absorbtion

Irregularity of boundaries

Antigiogenesis of cancerous tumours




Intro

Examples of self-similar fractal boundaries

2 < d= lﬁ)gg( )) ~ 2.33 < 3 (wikipedia)
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Intro Numerical shape optimization of the noise absorbtion

Optimality of fractal models in applications

Physically, models involving fractals are the most

- stable,

- conductive,

- dissipative,

- absorbing structures.

Works of B. Sapoval, M. Filoche, D. Grebenkov, S. Mayboroda, G.David and their

co-authors:

Localization (weak) of eigenfunctions
9/46



Intro Numerical shape optimization of the noise absorbtion

Main difficulties for non-Lipschitz boundary value problems

A fractal and Lipschitz curve boundary 9 of dimensiond > n —1

No elliptic regularity of solutions: u ¢ H*(Q)
No classical normal derivative Vu-n  (#A)
K. Nystrom, 1996, von Koch’s snowflake, NTA domains; P. Grisvard, 1974, Lipschitz non-convexe
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Intro

“Fractal” project: existence of optimal shapes

- In acoustics (mixed boundary conditions Dirichlet/Neumann/Robin)
- F. Magoulés, PT.K. Ngyuen, P.Omnes, ARP, Optimal absorbtion of acoustic waves
by a boundary. SIAM J. Control Optim. (2021).
- M. Hinz, ARP, A. Teplyaev, Non-Lipschitz uniform domain shape optimization in
linear acoustics. SIAM J. Control Optim. (2021).
- In architecture (non-homogeneous Dirichlet and Neumann conditions)
- M. Hinz, F. Magoulés, ARP, M. Rynkovskaya, A. Teplyaev, On the existence of
optimal shapes in architecture. Appl. Math. Model.,, (2021).
- In heat exchanges (transmission problem)
- G. Claret, ARP, Existence of optimal shapes for heat diffusions across irreqular
interfaces, to appear in AMS, CONM book series (2025).
- In the elliptic framework with Robin type condition
- M. Hinz, ARP, A. Teplyaev, Boundary value problems on Non-Lipschitz uniform
domains: Stability, Compactness and the Existence of optimal shapes.
Asymptotic Analysis, (2023).
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Intro Numerical shape optimization of the noise absorbtion

Minimization of acoustical energy for a fixed frequency and a noise source

rNeu

rDiI‘

Au+wPu=f(x) xeQ,
u=g(x) onTlp, an 0 on Iyey,

g;’ +o(w)Tru=0 onl, Re(a)>o0andIm(a)<o0

J(Q 1 u(Q, 1)) = A fy |uPdx + B 5 [VulPdx + C [ | Trufdy:
mingeu, . (0.6...) (2, 1, (2, 1)) 12/ 46



Intro Numerical shape optimization of the noise absorbtion

The most efficient and easy to construct antinoise wall on a range of frequencies
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Intro Numerical shape optimization of the noise absorbtion

The most efficient and easy to construct antinoise wall on a range of frequencies
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Intro Numerical shape optimization of the noise absorbtion

The most efficient and easy to construct antinoise wall on a range of frequencies

A=1;B=0;C=0;

5 T T
451 B
—6— flat shape
4 —%— shape 7 7
——shape 8
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-
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Intro Numerical shape optimization of the noise absorbtion

The most efficient and easy to construct antinoise wall on a range of frequencies
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FA. Trace on B(9Q) L>-Trace

Sobolev extension domains

Definition
A domain Q c R" is called a H'-extension domain if there exists a bounded linear

extension operator Eq : H'(Q) — H'(R"):
VYu e H'(Q) 3v=Equ e H'(R") withv|g=uand C(Q) >o0:
V][t (rny < Cllul[(e)-

Jones [1981]: If Q is an uniform (or (g, 00)-) domain, then it is Sobolev extension
domain.

Hajtasz, Koskela and Tuominen [2008]: O c R" is a H'-extension domain <= Q
is an n-set and H'(Q) = €"2(Q) (space of the fractional sharp maximal functions)
with norms’ equivalence.

15/ 46



FA. Trace on B(9Q) L>-Trace

Locally uniform or (¢, §)-domains (s > 0,0 < § < 0)

Definition . .
An open connected subset Q of R" is an (e, d)-domain,

if whenever x,y € Q and |x —y| < 4, (thus locally)
there is a rectifiable arc v C Q with length ¢(~) joining x to y and satisfying
1. £(y) < @ (uniformly locally quasiconvex) and

2. d(z,00) > elx — 2| L{:f," forz e .

Theorem (n = 2, Jones [1981]) - . .
A bounded and finitely connected domain Q is (e, 00)-domain <= its boundary

consists of a finite number of points and quasicircles.

16 / 46



FA. Trace on B(9Q) L>-Trace

n-sets or measure density condition

- All (g,6)-domains in R" are n-sets (d-set with d = n):
dc>0 VxeQ, Vrelo,6Nn]o,1] A(Br(x)NQ) > CA(B(x)) = cr”,

where X\ denotes the Lebesgue measure in R".

- An n-set Q cannot be “thin” close to its boundary 99, since it contain a non
trivial ball in its neighborhood.

17/ 46



FA. Trace on B(9Q) L>-Trace

Examples of extension domains

N I
o2 gf’ & e,
FlaF ot Sy
3
5 4
%w} o

Extension domain Not an extension domain

18 /46



FA. Trace on B(9Q) L*-Trace

Trace operator : boundary measure free framework on extension domains

Definition
H'-extension domain Q is called H'-admissible if its boundary 9Q has positive

capacity.

Proposition
For a H'-admissible domain Q of R", given u € H'(Q), let

Triu = (Equ)™[sq

be the restriction of any quasi continuous representative (Equ)~ of Equ. Then the
(interior) trace operator
Tr; : H'(Q) — B(0Q)

Is a well-defined linear surjection.
Consequently, g. e.
1

Q  Thu()=lim—— .
xeo 10 = i A" N Br(x)) /ms,(x) Rt /46
19/ &



FA. Trace on B(9Q) L*-Trace

Trace theorem (“boundary measure free”)

Let Q ¢ R" be an H'-admissible bounded domain.

H'(Q) = Hy(Q) @ Va(Q), Va(Q) = {u € H(Q)| — Au + u = o weakly}

(i) The space HL(Q) := CgO(Q)”'H””Q’ is the kernel of Tr;, that is, H3(Q2) = ker Tr;.
(ii) Endowed with the norm

Ifllsaq) = min{||V[ljq) | v € H'(Q) and Tr; v =f}, (1)

the space B(0RQ) is a Hilbert space.

(i) 11 Tri [l 2gmr(e),Bo9)) = 1-
Its restriction tr;[y,(q) : Va(2) — B(022) to V4(Q) is an isometry and onto.

20/46



Trace on B(9Q) L*-Trace

Green formula

Let Q@ C R" be H'-admissible.
HA(Q) == {u e H'(Q) | Au € L?(Q)}
Given u € Hx(2), there is a unique element g of B/(0€) such that

<g,TI’,' V>B’(OQ),B(BQ) = / (AU)VdX+/ Vuvvdx, ve H1(Q)
Q Q

We call this element g the weak interior normal derivative of u (with respect to Q)
and denote it by % =g.

% : H\(Q) — B'(02) is linear and bounded:

(thanks to multiple works of M. R. Lancia (d-sets, Jonsson measures))

3,’”
- < ull(o) + [AUll2()-
v B(59) () ()

21/ 46



FA. Trace on B(9Q) L*-Trace

Dirichlet type or harmonic extensions for —A + 1 on admissible domains

V1(R2) is also the space of weak solutions of the Dirichlet boundary-value
problem

—Au+u =0 inQ
ulag =f e B(0Q)

EP . B(0Q) — EP(B(0Q)) = V4(Q) C H'(Q)
f e u = EP(f),
where v is the unique weak solution to the Dirichlet boundary problem

Proposition _ _
EP - B(9Q) — V4(Q) is an isometry:  Vf € B(0Q) |Ifllswe) = 1E°fllm@)-

In this sense EP = tr; ",

22/ 46



FA. Trace on B(9Q) L*-Trace

Neumann problem for —A + 1 on admissible domains

Let Q ¢ R" be an H'-admissible bounded domain.

—-Au+u =0 inQ
%bg =g € B'(0Q)

Ve H'(Q) 3lueH(Q) (UVimeq) = (9, TriV)s(o0),869)-

V4(Q2) is the space of the weak solutions of the Neumann boundary value

problem.

EN . gu € B'(09Q) = u € V4(Q) c H'(Q)

where u is the unique weak solution of the Neumann boundary value problem for
—A+1,is an isometry, (EV)™" = .2 on V4(Q)

vg € B'(09) ||E"gllimn(e) = IItri gllme)y = 9ll5@0).

23/46



FA. Trace on B(9Q) L*-Trace

Poincare-Steklov operator for admissible domains

Theorem
Let Q be a H'-admissible bounded domain and k € R\ o(—Ap). Then the

Poincare-Steklov operator

A B(9Q) — B/(9Q)

Tru— @
oV |pq

associated with the weak solutions from
u € HA(Q) := {veH'(Q)| Av e L*(Q)}

(-A+Ru=00nQ with Truloq=f € B(0Q), (2)

Is a linear bounded operator with Ker A # {0} and it coincides with its adjoint.

d-sets K. Arfi, AR-P. 2019, A.R.-P. 2020, Lipschitz case by W. Arendt, A. F. M. ter Elst 2011, 2015
24 [ 46



FA. Trace on B(9Q) L*-Trace

Different isometries

try
Vi(Q) = Hj(Q)* 2 — Tri(H'(Q)) =
z‘,_l L ) v >.A,1 L
_ (tr) 7"
VI(@Q) = (Hs () ————= (Tri(H(Q)))' =

vg € B'(09) gz o) = It} gl @)y
VYu e Vo(Q)  [lullpne) = |l tri ullpaq)-

in complement to S. N. Chandler Wilde, D. P. Hewett, A. Moiola, 2017-... 25/ 46



FA. Trace on B(9Q) L*-Trace

Transmission problems: two-sided H'-admissible domains

(—A+1)u =0 onR"\0Q
Uilaa — Ueloa = —f € B(0Q)
ou; _ Oele

| glon =g e B'(09Q)

v
Qc

Definition . o )
Q C R" is a two-sided H'-admissible domain if

1. Q # @ and Q° = R"\Q are H'-extension domains
2. 0Q = O(R™\Q)
3. the Lebesgue measure of 99 Is zero.

= dimy(0Q) > n — 1, hence its capacity is positive.
26 [ 46



FA. Trace on B(9Q) L*-Trace

Transmission problems: two-sided H'-admissible domains

(—A+1)u =0 onR"\0Q
Uilaa — Ueloa = —f € B(0Q)
%‘89 — Qle|hg =g € B(0Q)

QC

- G. Claret, M. Hinz, AR-P, A. Teplyaev, Layer potential operators for transmission
problems on extension domains https://hal.science/hal-04505158

- G. Claret, AR-P, A. Teplyaev, Convergence of layer potentials and
Riemann-Hilbert problems on extension domains.
https://hal.science/hal-04762502

- G. Claret, M. Hinz, AR-P Calderon inverse problem on extension domains.
https://hal.science/hal-05054570v1

26 [ 46
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FA. Trace on B3(9Q) L2-Trace

Boundary measure framework of admissible domains (2, ")

Let Q be a bounded H'-extension domain of R" and I ¢ Q is such that

- T has positive capacity

- ['isa compact support I' = supp u for a positive Borel measure p on R"
satisfying for d > 0, d €]n — 2, n[ the upper d-regular condition:
there is a constant ¢4 > 0 such that

u(Br(x)) < cgr’, xel, o<r<a (3)

(= dimy > d)

Examples: union of different d-sets, multifractals, ...
= 0Q is a standart case.

27/ 46



FA. Trace on B3(9Q) L2-Trace

Examples, remarks

- d-sets: dimyF=d >0
¢y, ¢ > 0,

ard <u(MNB(x)) <cr?, for vxerl, o<r<1,

- Lipschitz and more regular boundaries

- bounded dimension boundaries

n—2<dmyl <n

- [Jonsson-1979, Biegert-2009]: for every measurable EC T
cap(E)=0= u(E) =0
28/ 46



FA. Trace on B3(9Q) L2-Trace

Definition of the trace operator [A. Jonnson, 2009; M. Biegert, 2009]

Definition
For a Sobolev extension domain Q of R" with supp u = 9 (for an upper regular

Borel measure ),
the trace operator Tr : H'(Q) — L2(0%, p) is defined p-a.e. by

1
Q T = lim ———
xeon Tk = ln e B, (0) /ms,(x) e

Properties of 99, 9Q = supp i are important to caracterize the norm of
B(092) := Tr(H'()):

H2(0Q), B2, ,(09), BI*(99), ...

2

d-sets, H. Wallin 1991
A. Jonnson 1997

29/ 46



FA. Trace on B3(9Q) L2-Trace

Trace theorem on boundaries given by upper d-regular measures ;.

Let (2,09Q) be admissible. Then

(i) Tr: HY(Q) — L2(09, 1) is compact operator and 3 c1,(n,Q,d, cg) > 0O, s. t.
1T fllizo0,) < €T lifllin), € H(Q).
(i) B(0Q) := Tr(H'(2)) is a Hilbert space, compact and dense in L2(9Q, 1)

HSOHB@Q) = min{HgHH1(Q) | o =Tr g}.

(iii) the Gelfand triple

B(9Q) < L2(89, p) = (L2(9Q, p)) — B(0Q), B"(99) = B(99Q) |

M. Hinz, ARP, A. Teplayev, SIAM SICON, 2021, M. Hinz, F. Magoules, ARP, M. Rynkovskaya, A. Teplayev, Applied Mathematical Modelling 2021.

30/ 46



FA. Trace on B3(9Q) L2-Trace

Some important corrolaries for admissible (Q, ")

Norm equivalence:
As Tror : H'(Q2) — L*(T, u) is compact, the norm [[uf|y(q) on H'(2) is equivalent to

ullz = </ |Vu]2dx+/\Tru2du>2
Q r
Poincare inequality:

For Q an (e, 00)-domain, 3C, > o depending only on n,e,d and ¢q4

HU — /TI'Q./rU dMHLZ(Q) < Cp ||vu||L2(Q,R”)? uec H1(Q)
r
(M. Hinz, ARP, A. Teplayev, Asymptotic Analysis, 2023)

31/ 46



FA. Trace on B3(9Q) L2-Trace

Mixed boundary Poisson problem

For Q C R" a Sobolev extension domain with a compact boundary
0Q =TpUTlyUTlg =suppu with a d upper regular Borel mesure u, d € (n —2,n),
and compact I'p, g, s. t. u(TpNTy) =pw(Tp NTR) = pu(FyNTR) =o0.

{ —Au=finQ,  (f€l¥Q))

u=oonflp, S4=oonfly, Z+aTru=o0o0nTg, (a>0)

V(Q) == {u € H'(Q)| Trr,u = o}.
endowed with
lulfy = [ 14" ox+a [ [Troudn,
W e 2(Q) I eVQ): WeVQ) (U Vg = (FV)xm).
3C(a, Cpoincars(2)) >0 [[ullve) < Cllflli2(e)

A. Dekkers, ARP, A. Teplyaev, Calculus of Variations and Partial Differential Equations, 2022 M. Hinz, ARP, A. Teplyaev, 2023
32/46



FA. Trace on B3(9Q) L2-Trace

Robin and mixed boundary problems on non-Lipschitz domains

- D. Daners, Robin boundary value problems on arbitrary domains. Trans. Amer. Math.
Soc. 352(9), 4207-4236 (2000).
p=H""if H"(Tr) = +o0, then Tru|r, = o (Dirichlet boundary condition).
- R. Capitanelli, Robin boundary condition on scale irregular fractals. Commun. Pure

Appl. Anal. 9(5), 1221-1234 (2010).
Von Koch type fractal boundaries in R?, d-measure.

33/46



FA. Trace on B3(9Q) L2-Trace

Robin and mixed boundary problems on non-Lipschitz domains

- D. Daners, Robin boundary value problems on arbitrary domains. Trans. Amer. Math.
Soc. 352(9), 4207-4236 (2000).
p=H""if H"(Tr) = +o0, then Tru|r, = o (Dirichlet boundary condition).
- R. Capitanelli, Robin boundary condition on scale irregular fractals. Commun. Pure
Appl. Anal. 9(5), 1221-1234 (2010).
Von Koch type fractal boundaries in R?, d-measure.
- F. Magoulés, T.P.K. Nguyen, P. Omnes, ARP. SICON, 2021; M. Hinz, ARP, A. Teplyaev,
SICON, 2021. Helmholtz mixed problem for d- and d-upper regular measures
- A. Dekkers, ARP, A. Teplyaev, Calc. Var. (2022) ' = 9Q (Westervelt equation);
M. Hinz, ARP, A. Teplyaev, Asymptotic Anal,, (2023) I C Q
R", uis an upper d-regular Borel measure,n —2 < d < n.

- G.David et al. preprint (2023) (the Robin harmonic measure on d-sets)

33/46



FA. Trace on B3(9Q) L2-Trace

“L2(0Q, 1)"-transmission heat problem for o < \ < +o0

R"\ Q “cold”

1 is a d-upper regular measure on 992
out —DLAuT =0, x eR", t > 0,
u+|t:0 — 1Q(X)7 U7|t:0 = O>
D_%-lon = —A(UT — u7)lan,

. .
D4 %= |oq = D_Z-|yq,

19)9:

N(t) = /R b 05 = /Q (1 ux, )dx t— +0

34/ 46



FA.

Trace on B3(9Q) L2-Trace

“L2(0Q, 1)"-transmission heat problem for o < \ < +o0

R™\ Q “cold”

o0

1 is a d-upper regular measure on 992

out —DLAuT =0, x eR", t > 0,
u+|t:0 — 1Q(X)7 U7|t:0 = O>

D_S-loa = =AU — u7)|aq,

D, 94 o = D_%|ha,

- G. Claret, ARP, Existence of optimal shapes for heat diffusions across irreqular
interfaces, to appear 2025, https://hal.science/hal-04505158

- ARP A. Teplyaey, S. Winter, M. Zaehle Fractal curvatures and short time asymptotics of

heat diffusion. to appear 2025, https://hal.science/hal-04927310
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Param. opt.

Applications to parametric optimization of wave absorbtion

Parametric optimization
Au+wPu=f(x) xeqQ,

ou
u=0 on lp, 537::0 on Iyeu,
ou
o PAXa@)Tru=0 onT, Re(a)>0and In(a) <0

- F.Magoules, M. Menoux, ARP, Frequency range non-Lipschitz parametric optimization
of a noise absorption. SIAM J. Control Optim. (2025).

- N. Alami, E. Lucyszyn, R. Pain Dit Hermier, ARP, Parametric shape optimization for the
convected Helmholtz equation with a generalized Myers boundary condition.
https://hal.science/hal-05007470
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Param. opt.

Distribution of pourous medium (M. Menoux, F. Magoulés, ARP, SIAM SICON 2025)

b

1

Y

X

M'n

We fix the percentage rate of the ab-
sorbent material on I’

o</erM:6<M(r):/r1dM:1'

min J(w, x), min /j(w,x)dw,

X€Uqd(B) X€Uqa(B) J1

o, x) = /Q u(w, v) X

Uag(B) = {x € L(T )| prae.onT x(0) € {0,1}, 0 < f= /r vdu < 1}.

Ugg(B) = {x e L=(T, p)| p-ae.on T x(o) € [0,1], 0< /rxdu =B <) =1}
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Param. opt.

“Almost” optimal distribution on a frequency range, 3 = 0.5

(M. Menoux, F. Magoulés, AR-P, SIAM SICON 2025)

Lo P T B 1T T
0.94 0.91

0.8 0.8

0.7 4 0.7 4

0.6 1 0.6

0.5 0.5

0.4 0.4

0.31 0.3 1

0.2 0.2

0.14 0.14

0'00.0 0:1 012 0t3 0.4 OtS 0.6 0j7 OtB 0:9 0'00.0 0:1 012 0.3 0.4 0.5 0.6 Oj7 0.8 0.9
Descent gradient method Genetic method
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Param. opt.

Energy as a function of frequency (M. Menoux, F. Magoulés, AR-P, SIAM SICON 2025)

-— absorbent everywhere
—e— gradient descent
—=— genetic algorithm

101 4

2
luli

100 -

0 200 400 600 800 1000
frequency (Hz) 39/ 46
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Westervelt

Westervelt problem and known results o ofa. pextcers)

O2u — AU — vAdU = audiu + a(dwu)®* +f on ]0,T] x Q,
u=0 onlpx]Jo,T],

dU—0 onflyx[o,T],

% igu=0 onlgxo,T],

u(o) =uo, Jtu(0) = us.
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Westervelt

Westervelt problem and known results o ofa. pextcers)

O2u — AU — vAdU = audiu + a(dwu)®* +f on ]0,T] x Q,
u=0 onlpx]Jo,T],

dU—0 onflyx[o,T],

% igu=0 onlgxo,T],

u(o) =uo, Jtu(0) = us.

Bounded domain with C? boundary:

- B. Kaltenbacher, I. Lasiecka, 2009, 2012 (99 = 'p non homogeneous) 2011
(Robin or Neumann non homogeneous) n < 3;

- S. Meyer, M. Wilke, 2013 (Dirichlet non homogeneous case, all n, WkP).
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Westervelt

Westervelt problem and known results o ofa. pextcers)

O2u — AU — vAdU = audiu + a(dwu)®* +f on ]0,T] x Q,
u=0 onlpx]Jo,T],

dU—0 onflyx[o,T],

% igu=0 onlgxo,T],

u(o) =uo, Jtu(0) = us.

Bounded domain with C? boundary:

- B. Kaltenbacher, I. Lasiecka, 2009, 2012 (99 = 'p non homogeneous) 2011
(Robin or Neumann non homogeneous) n < 3;

- S. Meyer, M. Wilke, 2013 (Dirichlet non homogeneous case, all n, WkP).
In the Non-Lipschitz case, no access to

- the H2-regularity (thus high energy a priori estimates)
- Nystrom: w € H(Q), —Aw =f € L(Q)  [|[VW]lsq) £ CllAW|2(q)
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Westervelt

Westervelt problem and known results o ofa. pextcers)

O2u — AU — vAdU = audiu + a(dwu)?> +f on [0,T] x Q,
u=0 onlpx]Jo,T],

dU—0 onflyx[o,T],

% igu=0 onlgxo,T],

u(o) =uo, Jtu(0) = us.

Domain Q Linear equation Nonlinear equation
NTA or
0N =TpinR? arbitrary limit of NTA domains
00 =TIpinR3 arbitrary arbitrary
R # @ in R? or R3 | Sobolev admissible | Sobolev admissible
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Westervelt

Estimate of ||ul|,.~(q)

Theorem . .
Let Q be a bounded domain and f € LP(Q2) p > 2, then for u weak solution of the

Poisson problem
[ullos @) < Clifllie(e) = CllAU| e (g)-

1. 1f 0Q = Tpj,
- Q c R? NTA domains (Nystrém (1994)),
- Q c R3 arbitrary domain (Xie (1991)).
2. If OQ =Tgep and Q C R"
- Daners (2000): p > n for n — 1-dimensional boundaries, C = Cmax (1, 1)
- A Dekkers ARP. P > 2 for Sobolev admissible domains;
3. If 02 = Trop U IMpjr U Tew, Q2 C R?
* A Dekkers, ARR A. Teplyaey, 2022: P > 2, If Q IS (£, 00)-domain, then C = C(e, n, Cp), but not on
a
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Mixed problem for the Westervelt equation, v > 0,p =2

Theorem
Let Q be bounded Sobolev admissible domain of R? or R3.

Forall ¢ € L>(R™; V(Q)) with u(0) = uo € D(—A) and dwu(0) = uq € V(Q),
f € L2(RT; L3(Q)),
1%
Ifll2®+:12()) + lUollp(=a) + Uillvq) < oh (z)
+00 too
/ (07U, 9)12()+C*(U, @)y()+V(Oeu, ¢)V(Q)d5—/ a(UOFU+(0eu)*+f, §)12()dS = O,
(0]

(o]

Jlu e X?:=H'(R; D(-A)) N H*(RT; L2(Q)) :

dr.>0: Vrelo,r] (&)= |ulx <2r.

Application of M.F. Sukhinin’s Theorem Lu + ®(u) = F
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Methods for evolutive in time problems

- Galerkin method based on the spectral problem of —A
- To work in the Hilbert space of the weak solutions of the Poisson problem:

D(—Ag) ={ue H'(Q)] —Auel?*Q):
I el?(Q) WweV(Q) (uv)ya = V)eeo)}
[Ullp—ag) = [[ArUll2(Q) = IIfll2(0)

- Fix point type theorems of functional analysis
- Approximation by the solutions on regular boundaries

(with converging (extension) sequence of initial conditions; — H'(R™))
« Qm — Qin the sense of Hausdorff and caracteristic functions in D;
- Mosco convergence; VFn(Vm, ¢) — VF(u, ¢) V¢ € H(D)
- uniform on m linear bounded extension E : H'(Qy) — H'(D)
* (EVm)men is uniformly bounded on m
- Vt>0 Evplo— uinH(Q)
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Conclusion

Conclusion

Solving PDEs on domains with Non-Lipschitz boundaries.

Approximation of solutions on domains with a d-set voundary.

Rough boundaries are the energy minimizers.

Thank you very much for your attention!
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