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9, 3kV, 12mm, 1000x, —20pm —

> Multi-material lightweight designs

> Transport processes in porous media

> Wave propagation in heterogeneous materials

> Vortex formation and localization effects in ultracold gases

> ...

Characteristic features on multiple non-separable scales
= standard numerical methods fail in under-resolved regimes
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El Elliptic homogenization

Quasi-local numerical homogenization

Effective coefficient and local numerical homogenization
Connections to periodic homogenization

The stochastic setting

B Conclusions

The contents of this talk is based on fruitful collaborations with

D.L. Brown (Nottingham), D. Gallistl (Karlsruhe),
P. Henning (Stockholm), R. Kornhuber (Berlin),
A. Malqgvist (Gothenburg), R. Scheichl (Bath) and
H. Yserentant (Berlin).



2 outl i ne d peterseim | augsburg

Elliptic homogenization
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—divAVu=finD and u=0 ondD.
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Given data A € L> (D RdXd) uniformly positive definite and

sym

fe L2(D), find ue V := W,?(D) s.t.

YveV: a(uv):= [[(AVu) - Vvdx = [  fvdx =: F(v).
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Given data A € L* (D, RdXd) uniformly positive definite and

sym

feL?(D),findue V:= W)?*D)st

YveV: a(uv):= [[(AVu) - Vvdx = [  fvdx =: F(v).
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fiber reinforces composite material porous medium (SPE10 benchmark)
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sym

fe L2(D), find ue V := W,?(D) s.t.
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Classical periodic homogenization:

e—0

Lgug =f — LoUO =f
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Given data A € L> (D RdXd) uniformly positive definite and

sym

fe L2(D), find ue V := W,?(D) s.t.

YveV: a(uv):= [[(AVu) - Vvdx = [  fvdx =: F(v).

Numerical homogenization

an

Lu=f ~> ,GHUH:fH

Given a coarse target scale H, identify discrete effective model
represented by some discrete coefficient Ay such that

u(f) — up(f u(f) —v,
sup Nlu(f) — un ()l p inf lu(f) = vallez(p)

<H
0+feL2(D) IfllL2(p) oxfe2(D) eV IIfllLz(p)

~
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Multiscale FEM: Hou-Wu 96, ...

Residual free bubbles: Brezzi et al. 98, ...

Upscaling techniques: Durlofsky et al. 98, Nielsen et al. 98

Multiscale finite volume method: Jenny et al. 03, ...

Heterogeneous multiscale method: Engquist-E 03, Abdulle 03-...

Equation free: Kevrekidis et al. 05

Variational multiscale method: Malqvist 05 (Hughes 95, Hughes et al. 98), ...
Metric based upscaling: Owhadi-Zhang 06, ...

Flux-norm approach: Berlyand-Owhadi 10, Owhadi-Zhang 11

GFEM based on local eigenfunctions: Babuska-Lipton 11, Efendiev-... 13-,
AL-Basis: Sauter-Grasedyck-Greff 11

Localized Orthogonal Decomposition: Malqgvist/P. 11, Henning/P. 12, ...
Rough polyharmonic splines: Berlyand-Owhadi-Zhang 13

Baysian numerical homogenization: Owhadi 14

Optimal Local Multi-scale Basis Functions: Hou-Liu 15

Gamblets: Owhadi 15

Iterative numerical homogenization: Kornhuber-Yserentant 15

QTT-FEM: Kazeev-Oseledets-Rakhuba-Schwab 16
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Quasi-local numerical homogenization
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Macroscopic/coarse scales (H arbitrary)
> Ty regular coarse mesh
> Vy c V standard P; FE space

Extraction of macroscopic information by quasi-interpolation
> Iy : V. — Vy quasi-local projection
> Stability und L2 approximation

H IV = Iuvillzry + IV InvIie(ry < CllVVIIL2very)

> Example: Iy := Ey oy

My ... Ty-piecewise L2-Projektion onto P;(Ty)
Ey ... nodal averaging operator



+ Discretization scales d peterseim  augsburg
Macroscopic/coarse scales (H arbitrary)
> Ty regular coarse mesh
> Vy c V standard P; FE space

Resolution limit (h < & < H)
> T}, regular refinement of T
> V, c V standard P; FE space

Extraction of macroscopic information by quasi-interpolation
> Iy : Vi, = Vy quasi-local projection
> Stability und L2 approximation

H IV = Iuvilz(ry + IV InvIie(ry < CllVVIIL2very)

> Example: Iy ;== Ey oy
My ... Ty-piecewise L2-Projektion onto P;(Ty)
Ey ... nodal averaging operator
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Microscopic/fine scale functions

W:={veV : Iy(v) =0}= kernel Iy = range(1 — Iy)

Stable decomposition
V=VyoW

Example

(1-Ilhuew
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Finescale corrector C: Vy — W: Given vy € V , Cvy solves

a(w,Cvy) = a(w,vy) forallweWw

a-Orthogonal Decomposition
V= (1-C)Vy oW and a(W,(1-C)Vy)=0

———
corrected coarse space ¥y

Example

ueV (1—€)IHU€\7H Cue W



7 Ideal methOd d peterseim | augsburg

> Standard FE space V
> Finescale corrector C : Vy, —» W

Ideal method seeks uy € Vi such that
a((1 - G)UH,(1 — G)VH) = F((1 — e)VH) for all Vy € VH.

> Variational characterization of Iy, i.e., uy = Iyu

a(lgu,(1-=Cvy) =a(u— (1 - Iy)u,(1 - C)vy) = F(v)

> Quasi-optimality

llu = unll = 1I(1 = )l < |4l min [ju = vyl
VHEVH
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> Standard FE space V
> Finescale corrector C : Vy, —» W

Ideal method seeks uy € Vi such that

a( UH,(1 — G)VH) = F( VH) for all vy € Vy.

> Variational characterization of Iy, i.e., uy = Iyu

a(lgu,(1-=Cvy) =a(u— (1 - Iy)u,(1 - C)vy) = F(v)

> Quasi-optimality

llu = unll = 1I(1 = l)ull < LIl min [ju = vyl + HIlfll2(p)
VHEVH



s Localization of correctors

. d (9
Given vy € Vy, Vvy = Y17, 21—1 (5 vH|T) g; and

-3 z(—vH|T) ar,

TeTy j=
with correctors qr; € W that solve the

d peterseim | augsburg

“Cell” problem
f(AVw) -Vgrjdx = f(AVw) -gjdx forallwe W
D T

Example

0.2
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Given vy € Vi, VWi = Yrer, XL (aix,- vH|T) e; and

d
Cvy= Z Z (%VMT) qr,
j

TeTy j=1
with correctors qr; € W that solve the

“Cell” problem
f(AVW) -Vgrjdx = f(AVW) -gjdx forallwe W
D T

Example . , .. .
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. d (@
Given vy € Vy, Vvy = Y17, 21—1 (& vH|T) g; and

Crvy = Z Z(_VH|T) qr,

TeTy j=
with correctors g, € W(N'(T)) that solve the

Cell problem
f (AVw) - Vg, dx = f(AVW) -gjdx forallwe W(N'(T)).
NE(T) T

Example

.4
0 0.2 o
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Theorem
There exists ¢ > 0 (that only depends on contrast) such that, for any
Tandj=1...,dandfeN,

IVarlle(o\B.(z)) S exp(—ct) VITI.

10° 107 10° 10° 10 10° 107 107 10° 107 10°  10°  10* 100 102 107
] ]

@ A. Malgvist, D. P. Localization of elliptic multiscale problems Mathematics of Computation, 2014

@ R. Kornhuber, D.P,, H. Yserentant An Analysis of a class of variational multiscale methods based on subspace decomposition
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Theorem
There exists ¢ > 0 (that only depends on contrast) such that, for any
Tandj=1...,dandfeN,

IV(ar, - a;))llzoy < exp(—ct) VITI.

10° 107 10°  10° 10 10° 107 107 10° 107 10°  10°  10* 10° 102 107

@ A. Malgvist, D. P. Localization of elliptic multiscale problems Mathematics of Computation, 2014

@ R. Kornhuber, D.P,, H. Yserentant An Analysis of a class of variational multiscale methods based on subspace decomposition



10 QuaSi'IocaI homogenization methOd d peterseim | augsburg

> Standard FE space V4
> Localized finescale corrector C, : Vi — W

Quasi-local homogenization method (msPG) seeks uy, € V such

that
a(upe (1= Cp)vy) = F(vy) forall vy € V.
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Theorem
The quasi-local homogenization method satisfies

u(f)—u f u(f)—v )
sup lu (f) = une (Fllz(oy < sup min|| (f) = Vallez(p) T
0#fel2(D) IfllL2(p) 0#fel2(D)YHEVH IfllL2(p)

Hence, the oversampling condition ¢ > |log H| implies optimal
convergence rates in L?(D).

The theorem holds without any assumptions on periodicity, scale
separation or regularity!

@ D. Gallistl, D. P. Computation of local and quasi-local effective diffusion tensors in elliptic homogenization. ArXiv, 2016
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Theorem
The quasi-local homogenization method satisfies

llu (f) —une (F u(f)-v )
sup (f) = une (Mllez(py < sup min|| (f) = Vallez(p) e
0#fel2(D) IfllL2(p) 0#fel2(D)YHEVH IfllL2(p)
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convergence rates in L?(D).
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Theorem
The quasi-local homogenization method satisfies

un(f) —u f up(f) —v
sup lun(f) = Uren(Fllz(o) <sup mi lun(f) = vHllz(p)

+ H? e,
0+feL2(D) IfllL2(p) oxreL2(oy#eVe Iflliz(py

Hence, the oversampling condition ¢ > |log H| implies optimal
convergence rates in L?(D).
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Correction: Uy, — (1 — Cr)upe

Theorem
The quasi-local homogenization method satisfies
lu(f) = (1 = Co)upe(Hll2p)

sup < H? + e
0#feL2(D) IllL2(p)

Hence, the oversampling condition ¢ > |log H| implies optimal
convergence rates in L?(D).
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Correction: Uy, — (1 — Cr)upe

Theorem
The quasi-local homogenization method satisfies

u(f) = (1 = Coluge(F)|l4
sup lu(f) - ( Uk e(Olla () <Hie
0+feL2(D) IfllL2(p)

Hence, the oversampling condition ¢ > |log H| implies optimal
convergence rates in H'(D).



» Matrix perspective

> Sp/Sy FE stiffness matrices on fine/coarse scale
> |y Matrix representation of quasi-interpolation
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» Matrix perspective

> Sy,/Sy FE stiffness matrices on fine/coarse scale
> |y Matrix representation of quasi-interpolation
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» Numerical experiment

D =10,1]?,f =1, A as depicted

107 F 1 e
———P1FEM
— + — msPGFEM I=1 .
—g — msPGFEM I=2 > H variable
—@© — msPGFEM |=3 )
102} P1-best ] > ¢ variable
.......... -1/d
05N ! b9
100 10" 102 108
~H?

H

D. P. Variational Multiscale Stabilization and the Exponential Decay of Finescale Correctors. LNCSE, 2016.

d peterseim | augsburg



s Numerical experiment: high contrast
D =[0,1]?, f =1, A as depicted

100k
107"
P1FEM
- msPGFEM I=1
| |0 msPGFEM =2
10 Q- msPGFEM I=3
@) msPGFEM I=4
-} msPGFEM I=5
—E—P1 -best
.......... 05N ;1
1073 : ' .
100 101 102 10°
N, ~H?

@ D. P, R. Scheichl. Rigorous Numerical Upscaling at High Contrast. CMAM, 2016.

H

> H variable
> ¢ variable
h=27"°

@ F. Hellman, A. Malqvist. Contrast independent localization of elliptic multiscale problems. ArXiv, 2016.

d peterseim | augsburg

{10000

1000

100
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D =[0,1]?, f =1, A as depicted

[ 0000
100 b
1000
100
. ! 10
o :
- 01
- £
¥
102 F P1FEM )
msPGFEM I=1 > H variable
msPGFEM |=2
msPGFEM |=3 .
- msPGFEM |=4 > ¢ variable
+ msPGFEM I=5 :
P1-best R -9
0.5N 1/d > h = 2
H
10'3 1 1 1
100 10" 102 10°
~H2
NHN H

Ia D. P, R. Scheichl. Rigorous Numerical Upscaling at High Contrast. CMAM, 2016.

@ F. Hellman, A. Malqvist. Contrast independent localization of elliptic multiscale problems. ArXiv, 2016.



16 Outline d peterseim | augsburg

Effective coefficient and local numerical homogenization
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> Standard FE space V4
> Localized finescale corrector C, : Vi, — W,

Covi = Z Z(_VH|T) ar,

TeTy j=

with correctors (N’(T)) that solve the cell problem

f (AVw) - Vg, dx = f(AVW) -gjdx forallwe W(N(T)).
N((T) T

Quasi-local homogenization method (msPG) seeks uy, € V4 such
that

a(upe, (1= Co)vy) = F(vy) forall viy € V.
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How can we interpret the form
a(VH, (1 - e[)ZH)

as an operator on FE spaces?
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How can we interpret the form
a(VH, (1 - e[)ZH)

as an operator on FE spaces?

Effective discrete bilinear form af on Vy x Vy:

o (v 2) = [ [ (A9 TU0)) - T2(0) o

with quasi-local effective coefficient/kernel A¢, € Po(Ty X Ty, R9*9):
H

1 1
[‘Ai’lT’K]jk = (5T,Km ﬁAjk dx — 7 ﬁ(Aek) ’ Vq?j dx.
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d
LVUH-(Aveva) ax = Z Z(af‘/”'T)fVUH'(AVq[T,j) dx

TeTy j=1 D
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d
LVUH-(Aveva) ax = Z Z(af‘/”'T)fVUH'(AVq[T,j) dx

TeTy j=1 b

- fKVUH.(i Ji(AngJ) dx (a,-vH|T)] dx

K, TeTy
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d
LVUH-(AV(‘ffVH) ax = Z Z(a,-th)vaH.(Avqu) dx

TeTy j=1 D
d
= > f vUH-(Z f(AVq’;,,-)dx (a,-vH|T)] dx
K.TeTy VK =1 VK

= Z ffVUHlK : (JC(-;-,KVVHlT) dy dx
KJT

K, TeTy
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d
LVUH-(AVC‘ffVH) ax = Z Z(a,-th)vaH.(Avqu) dx

TeTy j=1 b

- fKVUH.(i ﬁ(AVqQJ) dx (aij|T)] dx

K, TeTy

= Z ffVUHlK . (JC(-;-,KVVHlT) dy ax
KJT

K, TeTy
for the matrix

1
4 o L
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fVUH . (AV€€VH) dx = Z Zd:(ajVMT)fVUH . (AVq[Tj) dx

TeTy j=1 b

= > fKVuH : (Zd: Ji(AVq[f,-) ax (ajVH|T)] dx

K, TeTy

= Z ffVUHlK . (:Kg',KVVHlT) dy ax
KJT

K, TeTy
for the matrix

1
4 o L

Define the piecewise constant matrix field over Ty x T, for
T,.K € Ty by

-Al{/|T,K = 6T’KJ€A ax — JC%)-K
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We have
af (v, wy) = a(vi, (1 — CHwy)

fvaH - (AL (x, y)Vwi(y)) dy dx.
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We have
af (v, wy) = a(vi, (1 — CHwy)

fvaH - (AL (x, y)Vwi(y)) dy dx.

Further compression yields

apgroxf;VvH (ffl‘ X,Y) dyVWH(X))

= vaH(x) (AL(X)Vwy(x)) dx.
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We have
af (v, wy) = a(vi, (1 — CHwy)

fvaH - (AL (x, y)Vwi(y)) dy dx.

Further compression yields

ap‘l’OXvaH (ffl‘ X, y) dyVwy(x )) ax.
D

= vaH(x) (AL(X)Vwy(x)) dx.

Effective coefficient A/, is piecewise constant on the scale H.
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> Quasi-local effective coefficient AL € Po(Th, R™?) x Po(Th, R*9)
> Correctors qf

Local effective coefficient A/, € Py(Tp, R*™9):

Af/lT Z |K| [.A |TK k m (Aek) . (,\(Tej - Vq%) ax

Local homogenization method seeks Uy, € Vi such that

f Vik - (ALVvy) dx = F(vy) forall vy € V.
D

@ D. Gallistl, D. P. Computation of local and quasi-local effective diffusion tensors in elliptic homogenization. ArXiv, 2016
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Spectral bounds

anlél < &- (AL(X)E) < Bulél

must be verified a posteriori (but hold true with ¢y ~ @ and Sy = 8
for slightly perturbed compression).
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Spectral bounds

anlél® < € (AY(X)€) < Brlé?
must be verified a posteriori (but hold true with ¢y ~ @ and Sy = 8
for slightly perturbed compression).

Regularized coefficient

There exists a Lipschitz continuous coefficient A7° € W'=(D; R%9)
with the following properties:

1. [[APdx = [[Afdx forall T € Ty.

2. The eigenvalues of sym(A[?) lie in [ay/2, 2B4).

3. IVAL®lle(oy < C H N[AL =) (1 + i ALl (,)

=m(A/,) model-error estimator
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Let u™9 denote the solution to the PDE with regularized coefficient
AP € W'=(D;R™).
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Let u™9 denote the solution to the PDE with regularized coefficient
A € W'(D; R™).

Proposition

Technical assumptions: Letd = 2 and D convex. Let1 <p <2
such that for all interior angles w of D there holds 2w/(pr) ¢ Z
Furthermore, let q € [2, ) with 1/p + 1/q = 1.

@ D. Gallistl, D. P. Computation of local and quasi-local effective diffusion tensors in elliptic homogenization. ArXiv, 2016
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Let u™9 denote the solution to the PDE with regularized coefficient
A € W'(D; R™).

Proposition

Technical assumptions: Letd = 2 and D convex. Let1 <p <2
such that for all interior angles w of D there holds 2w/(pr) ¢ Z
Furthermore, let q € [2,00) with1/p+1/q = 1.

Result: If the solution u™®9 has smoothness W'59(D) for0 < s < 1
and f € L9D) and ¢ ~ |log H|, then
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Let u™9 denote the solution to the PDE with regularized coefficient
A € W'(D; R™).

Proposition

Technical assumptions: Letd = 2 and D convex. Let1 < p <

such that for all interior angles w of D there holds 2w/(pn) ¢
Furthermore, let q € [2,00) with1/p+1/q = 1.

Result: If the solution u™® has smoothness W'™=49(D) for0 < s < 1
and f € L9D) and ¢ ~ |log H|, then

lu = Tllezcoy < (H+ H-2-Pllog HE (1 + (ALY Jifleco)

a D. Gallistl, D. P. Computation of local and quasi-local effective diffusion tensors in elliptic homogenization. ArXiv, 2016
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Let u™9 denote the solution to the PDE with regularized coefficient
A € W'(D; R™).

Proposition

Technical assumptions: Letd = 2 and D convex. Let1 < p <

such that for all interior angles w of D there holds 2w/(pn) ¢
Furthermore, let q € [2,00) with1/p+1/q = 1.

Result: If the solution u™® has smoothness W'™=49(D) for0 < s < 1
and f € L9D) and ¢ ~ |log H|, then

lu = Tllezcoy < (H+ H-2-Pllog HE (1 + (ALY Jifleco)

A posteriori homogenization criterion

- ”l[AH]] Leo(s
implies almost optimal error estlmates (without regularity of Al).

ys1 and aj H< 1

@ D. Gallistl, D. P. Computation of local and quasi-local effective diffusion tensors in elliptic homogenization. ArXiv, 2016
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Domain D = (0, 1)?. Scalar coefficient
11 (2 \ (o« (2n . (2n \\
A(X1,X2) = | —= +sin|—xq |sin[—xz2| + 4 sin|{—xXxq |sin[ —x
2 &1 &1 &2 &2

with &1 = 23 and Er = 275,

-
0.8 [
0.6
0.4

0.2 b
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. lu(f) — a2 ()]
Error quantity ~ sup (F) = Gy (Nllez(oy
feL2(D)\(0) I1fllL2(p)

107! a

—— FEM

—&A— MSFEM
—O— loc. eff. coeff.
—O— quasi-loc. eff. coeff. |{g—2 -
~ L? best -

1073 -

1072 10~ 10°



s Estimator and spectral bounds

> Spectral bounds of A range within [0.096, 1.55].

> Resulis:

H

n(Af)

aH

d peterseim | augsburg

BH

V2 x 2
V2 x 272
V2 x 273
V2 x 24
V2 x2°
V2 x 276

3.2108e-02
1.1267e-02
1.4765e-02
5.3952¢-01

1.7199e+00
1.5538e+01

1.9223e-01
1.9568e-01
1.9579e-01
1.8323e-01
1.6909e-01
1.4070e-01

2.0786e-01
1.9954e-01
1.9986e-01
2.1992e-01
2.3257e-01
3.0277e-01

> We observe “resonance effects” close to the fine scale.
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Consider a fixed mesh with mesh-size H = V2 x 24 and

. [2n . [(2n B
A(X1,X2) = |5+ 4 sin|—xq |sin[—xz
E E

for a sequence of parameters ¢ = 2°,2°1,. .., 275,

—¢— FEM

—&— MSFEM

—O— loc. eff. coeff.
—&O— quasi-loc. eff. coeff.

= nal)

1072 101 10°
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Connections to periodic homogenization
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non-matching matching

The periodic case V = H;E(D)/R
> Effective coefficient Ay is constant and independent of H.

> Ay coincides with the classical homogenization limit where the
corrector g € H},(D)/R solves

div A(VQgk — ex) = 0in D with periodic b.c.
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> A = A, periodic and oscillating on scale &
> Ao = local effective coefficient = homogenized coefficient
> Uy = solution by homogenization
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> Ao = local effective coefficient = homogenized coefficient

> Uy = solution by homogenization

Proposition
Any1<p<2und2<qg<ocowithl/p+1/q=1 satisfy
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> A = A, periodic and oscillating on scale &
> Ao = local effective coefficient = homogenized coefficient
> Uy = solution by homogenization

Proposition
Any1<p<2und2<qg<ocowithl/p+1/q=1 satisfy

lUs = Uollizpy < &'9P~VP log|el T/ T ]l qp).

Corollary
Iff € L~(D) and u, € W?>*(D), then one has a linear rate (up to
log-factors).
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The stochastic setting



» Model problem

> (Q, F,P) probability space
> D physical domain

> Diffusion coefficient A = A, is a random variable
Ac L3(Q;M(D,a,B))

Seek u € L3(Q; V) such that

—div(AVu) =f inD P-as.

d peterseim | augsburg
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> (Q, F,P) probability space

> D physical domain

> Diffusion coefficient A = A, is a random variable
Ac L3(Q;M(D,a,B))

Seek u € L?(Q; V) such that
—div(AVu) =f inD P-as.

Goal: Approximation by a deterministic model.
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> For any atom w € (2, the quasi-local and local coefficients Ay(w)
and Ay (w) are defined as in the deterministic case.



30 Numerical methOd d peterseim | augsburg

> For any atom w € (2, the quasi-local and local coefficients Ay(w)
and Ay (w) are defined as in the deterministic case.

> Averaged quantities: Ay := E(Ay) and Ay == E(Ay) .



30 Numerical methOd d peterseim | augsburg

> For any atom w € (2, the quasi-local and local coefficients Ay(w)
and Ay (w) are defined as in the deterministic case.

> Averaged quantities: Ay := E(Ay) and Ay == E(Ay) .

Quasi-local method seeks uy € V4 such that, for all vy € V4,

ffVUH - (An(x, y)Vvu(y)) dy dx = (f, vir)12()-
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> For any atom w € (2, the quasi-local and local coefficients Ay(w)
and Ay (w) are defined as in the deterministic case.

> Averaged quantities: Ay := E(Ay) and Ay == E(Ay) .
Quasi-local method seeks uy € V4 such that, for all vy € V4,

ffVUH - (An(x, y)Vvu(y)) dy dx = (f, vir)12()-

Local method seeks Uiy € Vy such that

fVuH . (AHVVH) dx = (f, VH)L2(D) for all Vy € VH.
D
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Forany T € Ty, denote

X(T) = maxX |T| -AHlT,K - ./ZLH|T,K .
KETH

KNNY(T)#0

The model error estimator vy is defined by

7 )



» Error analysis for the quasi-local method  «.cerseimiausoue

Proposition
The quasi-local method satisfies

\/E[”U = Unll2 p)] < (H? + Elwcba(A, T4)] + llog H%y)IIfll.2(o)
and
IE[u] - unllizpy < (H® + E[wcba(A, Ty)] + llog HPY?)IIfll 2(p),

where

. lu(A(w), g) — vyl
wcba(A(w),Ty) := sup  inf (Alw).9) = v iUy
geL2()\(0) YHEVH 191l 2(0)
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Proposition
The local method satisfies for d = 2, D convex, and
u™ € W's9(D) the error estimate

NETENTTAN
< llog HE(H -+ + H2 (1 + (AL) " Jilsco
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Setup: D = (0,1)?, f =1, Ai.i.d. w.r.t. mesh T, with mesh-size ¢
and uniformly distributed in the interval [e, 8] = [1, 10]. (Reference
mesh h = 279v2))
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Setup: D = (0,1)?, f =1, Ai.i.d. w.r.t. mesh T, with mesh-size ¢
and uniformly distributed in the interval [e, 8] = [1, 10]. (Reference
mesh h = 279v2))

NETRITH

e = 2754/2 quasilocal
-@' e =2"°V2 local
—A— ¢ = 27%,/2 quasilocal
-0 ¢ =2"%/2 local
—A— ¢ = 2774/2 quasilocal
- 0- g =2"7/2 local
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...... o(HZ) 10 -

1071t 10°



34 Numerical experiment d peterseim | augsburg

Setup: D = (0,1)?, f =1, Ai.i.d. w.r.t. mesh T, with mesh-size ¢
and uniformly distributed in the interval [e, 8] = [1, 10]. (Reference
mesh h = 279v2))

IE[u] = uplli2(p)

A = 2754/2 quasilocal
-C>r e =275v2 local
—A—c =276,2 quasilocal
-0 ¢ =2"%/2 local
—A— ¢ = 2774/2 quasilocal
-0- &=2""v/2 local

—2
...... O(H?) 10 g

1071t 10°
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Setup: D = (0,1)?, f =1, Ai.i.d. w.r.t. mesh T, with mesh-size ¢
and uniformly distributed in the interval [e, 8] = [1, 10]. (Reference
mesh h = 279v2))

Estimator, e =277 |

107 |

102 | .

1071t 10°
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>

Numerical homogenization of general L coefficients by
quasi-local discrete model method

Under moderate assumptions on the discretization parameters,
the method is stable and quasi-optimal

Under further assumptions, truly local model possible with

a posteriori model error estimator

In the periodic case, the numerical approach coincides with
classical homogenization

Error analysis in the stochastic setting with a priori and

a posteriori terms
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>

Numerical homogenization of general L coefficients by
quasi-local discrete model method

Under moderate assumptions on the discretization parameters,
the method is stable and quasi-optimal

Under further assumptions, truly local model possible with

a posteriori model error estimator

In the periodic case, the numerical approach coincides with
classical homogenization

Error analysis in the stochastic setting with a priori and

a posteriori terms

Thank you for your attention!
https://scicomp.math.uni-augsburg.de
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