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o A new solution methodology for
Helmbholtz problems

o A new DG method
o« A modified DG method

o An improved modified DG method

o Summary and perspectives
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Applications

o Radar

e Sonar

o Geophysical exploration
o Medical imaging

o Nondestructive testing
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Numerical Difficulties

u—u
% < Cy1kh + Cok®h?; kh < 1
ufy

(Babuska et al (95, 00))
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Prominent Plane Waves Based
Approaches

o Weak Element Method (Rose (75))

o Partition of Unity Method
(Babusgka-Melenk (97), Laghrouche-Bettes (00))

o Ultra-Weak Variational Method
(Cessenat-Després (98))

o Least Squares Method (Monk-Wang (99))

e Discontinuous Galerkin Method: DGM
(Farhat et al (01, 03, 04, 05))
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DGM Formulation (Farhat et al)

Mathematical model

u

SIS

Au+k?*u=0 in
O,u =iku+g on X

tel-00473486, version 3 - 7 Oct 2010

p. 2 Magdalena Grigoroscuta-Strugaru December, 18" 2009



Motivation and Context

DGM Formulation (Farhat et al)

Approximation
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o DGM Formulation (Farhat et al)
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DGM Formulation (Farhat et al)

Approximation

4
_ K _ K :
u = E u,; ¢ in K
=1

tel-00473486, version 3 - 7 Oct 2010

¢ZK' — eikm-dl

A=2\EecCondK NIK’
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DGM Formulation (Farhat et al)

Variational Formulation

{ a(u,v) +b(v,\) = F(v)
b(u,p) = 0
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Variational Formulation

{ a(u,v) +b(v,\) = F(v)
b(u,p) = 0

tel-00473486, version 3 - 7 Oct 2010
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DGM Formulation (Farhat et al)

Variational Formulation

{ a(u,v) + b(v,\) = F(v)
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DGM Formulation (Farhat et al)

Variational Formulation

{ a(u,v) + b(v,\) = F(v)

tel-00473486, version 3 - 7 Oct 2010

b(u,p) = 0
F = vd
0= 2 o
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DGM Formulation (Farhat et al)

Algebraic Formulation
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Algebraic Formulation
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BTy = 0

— BTA'BA=BTA'f
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DGM Formulation (Farhat et al)

Main Features
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DGM Formulation (Farhat et al)

Main Features

o Plane waves for local approximation of
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DGM Formulation (Farhat et al)

Main Features

o Plane waves for local approximation of
the field

o Lagrange multipliers to enforce
continuity

o Analytical evaluation of the elementary
matrices

o Global system: symmetric and sparse

tel-00473486, version 3 - 7 Oct 2010

o Size of the global system =+# Lagrange
multipliers
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DGM Formulation (Farhat et al)

Performance

DGM outperforms high order FE methods:

o R4-1, R8-2 require 5 to 7 times fewer dof
than Q2

o ()16-4 requires 6 times fewer dof than Q4

o )32-8 requires 25 times fewer dof than
Q4
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DGM Formulation (Farhat et al)

Issues
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DGM Formulation (Farhat et al)

Issues

Inf-Sup condition: Discrete spaces
compatibility

1+t
L3R

)
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DGM Formulation (Farhat et al)

Issues

Inf-Sup condition: Discrete spaces
compatibility

1+t
L3R

)

# plane waves vs. # Lagrange Multipliers

()
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DGM Formulation (Farhat et al)

Issues

Inf-Sup condition: Discrete spaces
compatibility
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DGM Formulation (Farhat et al)

Issues

Inf-Sup condition: Discrete spaces
compatibility
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DGM Formulation (Farhat et al)

Issues

Inf-Sup condition: Numerical instabilities
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DGM Formulation (Farhat et al)

Issues

Inf-Sup condition: Numerical instabilities
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DGM Formulation (Farhat et al)

Issues

Inf-Sup condition: Numerical instabilities
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DGM Formulation (Farhat et al)

Issues

Inf-Sup condition: Numerical instabilities
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Our objective: build on top of DGM
o Preserve the good features of DGM

o Get rid of numerical instabilities
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DGM Formulation: Another point of
view

Au+Ek2u = 0 in €2
O,u = iku+g on X
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Motivation and Context

DGM Formulation: Another point of
view

Au+Ek2u = 0 in €2
O,u = iku+g on X

o Split the solution wu:

u=¢+ P(AN)

tel-00473486, version 3 - 7 Oct 2010

Magdalena Grigoroscuta-Strugaru December, 18" 2009

1



Motivation and Context

o DGM Formulation: Another point of
% view
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- Apt + E2pE = 0 in K

S

7]

S
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DGM Formulation: Another point of
view
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DGM Formulation: Another point of

=

o .

N view

O

O

N~

- Apt + E2pE = 0 in K

IS O™ = ikp® 4+ g on OK N 203

g O™ =0 on OK N

S ((APE(N) + K20K(N\) = 0 in K

S 9, PE(N\) = ik®E()\) on K NX
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o
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DGM Formulation: Another point of

=

o .

N view
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- Ap™ + Ek*p™ = 0 in K

5 O™ = ik +g on OKNX

5 O™ =0 on 8K N
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@ 9,25 (N\) = ik®(A\) on K NX
S B PE(N) = A on 8K N
o)

!

A = —A\K on 0K N K’
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Motivation and Context

DGM Formulation: Another point of

=

o .

N view

O

O

N~

- Apt + E2pE = 0 in K

IS O™ = ikp® 4+ g on OK N 203

g O™ =0 on OK N

S ((APE(N) + K20K(N\) = 0 in K

S 9,25 (N\) = ik®(N\) on K NX
S 9, PE(N) = A on dK N Q
o

A = —2\K on 8K N OK’

[u]
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Motivation and Context

DGM Formulation: Another point of
view

e Solve local variational problems in each K:

(Onv —ikvxs)wds = L(w)
K

tel-00473486, version 3 - 7 Oct 2010

Magdalena Grigoroscuta-Strugaru December, 18" 2009



Motivation and Context

DGM Formulation: Another point of
view

e Solve local variational problems in each K:

(Onv —ikvxs)wds = L(w)
K

e Solve one global variational problem:

1 — 1 _
> H/e[@(A)]u— > o /e[so]u
Q e C

e C

tel-00473486, version 3 - 7 Oct 2010
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A new solution methodology

A new DGM: first idea

i@ Restore the weak continuity of the field in the
least-squares sense:
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A new DGM: first idea

i@ Restore the weak continuity of the field in the
least-squares sense:

%%/ﬁ(mn@] - —;ﬁ/yn@1
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A new DGM: first idea

i@ Restore the weak continuity of the field in the
least-squares sense:

g%/pm][W] - —;ﬁ/yn@1

—Hermitian and positive semi-definite global
matrix
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A new solution methodology

A new DGM: Illustrative example of
the improvement for a fixed
resolution

009 —DGM
~0.08] ===The proposed method
3

I
1]

R-8-3 element
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Theta (degrees)
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A new solution methodology

A new DGM: Illustrative example of
the improvement for a fixed
resolution

007 —DGM
===The proposed method
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A new solution methodology

A new DGM: Persistance of the
numerical instabilities
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A new solution methodology

A new DGM: Persistance of the
numerical instabilities

error (H1 + jump norm)

—DGM, R-8-2b
- - = The proposed method, R-8-2b

]
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Number of elements in one direction

Total relative
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A new solution methodology

A new DGM: second i1dea

=

%@?Reformulate the local variational problem:
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A new solution methodology

A new DGM: second i1dea

%ﬂ;}/Reformulate the local variational problem:

(Onv — i kvxs) (0w + i kwxs) = L(w)
oK
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A new solution methodology

A new DGM: second i1dea

%ﬂ;}/Reformulate the local variational problem:

(Onv — i kvxs) (0w + i kwxs) = L(w)
oK

—Hermitian and positive definite local matrix
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A new solution methodology

A new DGM: Illustrative example of
the improvement for a fixed
frequency

.
S

—DGM
- - = The proposed method

.
L %

error (H1 + jump norm)
e
5 5

107,

R-8-2 element
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Number of elements in one direction

Total relative error, ka=1
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A new solution methodology

A new DGM: Strategy resolution

e Solve local variational problems in each K:

ak(v,w) = (Opv — i kvxs) (0w + i kwxs)
oK

tel-00473486, version 3 - 7 Oct 2010
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A new solution methodology

A new DGM: Strategy resolution

e Solve local variational problems in each K:

ak(v,w) = (Opv — i kvxs) (0w + i kwxs)
oK

e Solve one global variational problem:

A = Y (6. [[2)IEG]

eCc

7 [ 0.2 (0.7 )

tel-00473486, version 3 - 7 Oct 2010
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A new solution methodology

A new DGM: A priori error estimates

2
Z k:4}z“;( (”A - ”hno,afmﬁ
Ker,

lluw — uh”o,n <C

1/2
2
+ A = 3nvh”o,6Kmfz>
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A new solution methodology

A new DGM: A priori error estimates

N
N—3 _
|A — 3nuh||o,aKn§"z < hg (ZkNH l |(I)()‘)|I,K
1=0

+12 Myt + P 1P vsa.x)
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A new solution methodology

A new DGM: A priori error
estimates. Application

R-m-n element (m > 2N +1):
I = wnllon < & [R" 19N pszg + R 2],

+hV 2 (S, BV SN g + 12N |nt10

tel-00473486, version 3 - 7 Oct 2010
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A new solution methodology

A new DGM: Application in
geophysical exploration
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A new solution methodology

A new DGM: Application in
geophysical exploration

o Objective: produce images of the
subsurface from tomography
measurements
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A new solution methodology

A new DGM: Application in
geophysical exploration

o Objective: produce images of the
subsurface from tomography
measurements

o Wave propagation in time domain:
Discrete Fourier Transform
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A new solution methodology

A new DGM: Application in
geophysical exploration

o Objective: produce images of the
subsurface from tomography
measurements

o Wave propagation in time domain:
Discrete Fourier Transform

o Solve Helmholtz equation (reduced wave
equation): R-4-1 element
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A new solution methodology

A new DGM: Application in
geophysical exploration

o Objective: produce images of the
subsurface from tomography
measurements

o Wave propagation in time domain:
Discrete Fourier Transform

o Solve Helmholtz equation (reduced wave
equation): R-4-1 element

tel-00473486, version 3 - 7 Oct 2010

e Build the solution in time domain:
Inverse Discrete Fourier Transform
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A new solution methodology

A new DGM: Application in
geophysical exploration
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A new solution methodology

A new DGM: Application in
geophysical exploration
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A new solution methodology

A new DGM: Application in
geophysical exploration
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A new solution methodology

A new DGM: Application in
geophysical exploration
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A new solution methodology

A new DGM: Application in
geophysical exploration
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A new solution methodology

A new DGM: Application in
geophysical exploration

C=1000 m/s

Homogeneous medium

tel-00473486, version 3 - 7 Oct 2010

Magdalena Grigoroscuta-Strugaru December, 18" 2009



A new solution methodology

A new DGM: Application in
geophysical exploration
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A new solution methodology

A new DGM: Application in
geophysical exploration
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Homogeneous medium
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A new solution methodology

A new DGM: Application in
geophysical exploration

C=1000 m/s

Homogeneous medium
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A new solution methodology

A new DGM: Application in
geophysical exploration
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Homogeneous medium
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A new solution methodology

A new DGM: Application in
geophysical exploration
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A new solution methodology

A new DGM: Application in
geophysical exploration
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A new solution methodology

A new DGM: Application in
geophysical exploration
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A new solution methodology
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A new solution methodology
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A new solution methodology
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A new solution methodology

A new DGM: Application in
geophysical exploration
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C,= 1500 m/s

Stratified medium
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A new solution methodology
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A new solution methodology

A new DGM: Application in
geophysical exploration
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A new solution methodology

A new DGM: Application in
geophysical exploration
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A new solution methodology
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A new solution methodology
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A new solution methodology
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A new solution methodology
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A new solution methodology
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A new DGM: Application in
geophysical exploration

o Multi-frequency solver
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A new DGM: Application in
geophysical exploration

o Multi-frequency solver

o kh € [50, 2] corresponds to 3 to 300
elements per wavelength

p. 82 Magdalena Grigoroscuta-Strugaru December, 18" 2009



A new solution methodology

o
—
o
(Q\V
4+
©
O
N~
1
™
=
i)
(2}
sk
(]
>
©
(e0)
<t
™
N~
<t
o
e
[o]
+—

A new DGM: Application in
geophysical exploration

o Multi-frequency solver

o kh € [50, 2] corresponds to 3 to 300
elements per wavelength

e R-4-1 element: accurate and stable
element
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A new solution methodology

A new DGM: Sensitivity of the error
to the mesh refinement

107 ._
5107
5 } I
10—3 '~~~..
~~~~ R-4-1 element
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Number of elements in one direction

L? error, ka=10
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A new solution methodology

A new DGM: Summary
DGM:

e Solve local variational problems in each K:

(Onv —ikvxs)wds = L(w)

OK

e Solve global variational problem:

1 — i _
> JEeoE = > [1e1m
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A new solution methodology

A new DGM: Summary
A new DGM.:

o NEW local variational problems in each K:

(Onv —ikvxs)(Opw + ikwxs) = L(w)

OK

e Solve global variational problem:
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A new solution methodology

A new DGM: Summary
A new DGM:

o NEW local variational problems in each K:

(Onpv —ikvxs)(0,w + ikwxs) = L(w)
K
o NEW global variational problem:

> (ﬂe / [@(M)][@(1)] + e / [[6n<1>(>\)]][[anw]]) _

eCﬁ

tel-00473486, version 3 - 7 Oct 2010

= (8. 1@ + 7. (0. 103G

eCﬁ
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A new solution methodology

A new DGM: Summary

o Numerical instabilities: improvement,
but not enough

—DGM
- - = The proposed method

o
.

=
S

=
S,

iy
°,

=
S,

Total relative error (H1 + jump norm)
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A new solution methodology

A new DGM: Summary

o Numerical instabilities: improvement,
but not enough
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tel-00473486, version 3 - 7 Oct 2010

e Source of the instabilities: local
problems nearly singular
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tel-00473486, version 3 - 7 Oct 2010

A new solution methodology
for Helmholtz problems

A modified DGM (mDGM)
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A new solution methodology
mDGM: main idea

ﬁrl\/lodify the local problems:
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O™ —ikp® = g on K NYX
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A new solution methodology
mDGM: main idea

ﬁrl\/lodify the local problems:
At + E2pF = 0 in K
O™ —ikp® = g on K NYX
9,0% —iap® = 0 on K NS

ADPE(N) + k20K (\) = 0 in K
D ®E(N) —ik®KE(N) = 0 on K NE
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A new solution methodology
mDGM: main idea

i\g\'\rl\/[odify the local problems:
At + E2pF = 0 in K
O™ —ikp® = g on K NYX
9,0% —iap® = 0 on K NS
ADE(N) + 20K (N) 0 in K
O, PE(N) — ikDE(N) 0 on K NX
9, PE(N) —ia®®E(A\) = A on K N

o € R} = well posed local problems
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A new solution methodology
mDGM: main idea

i\g\'\rl\/[odify the local problems:
At + E2pF = 0 in K

O™ —ikp® = g on K NYX

9,0% —iap® = 0 on K NS

ADE(N) + 20K (N)

O, PE(N) — ikDE(N)

0 in K
0 ondKNXY

9, PE(N) —ia®®E(A\) = A on K N

a € R* — well posed local problems
[u] = [¢ 4+ ©(A)] = 0 on each interior edge

tel-00473486, version 3 - 7 Oct 2010
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A new solution methodology
mDGM: main idea

i\g\'\rl\/[odify the local problems:
At + E2pF = 0 in K
O™ —ikp® = g on OK N 203
Ot —iap® = 0 on 8K NQ

ADPE(N) + k20K (\) = 0 in K
D ®E(N) —ik®KE(N) = 0 on K NE
9, PE(N) —ia®®E(A\) = A on K N

tel-00473486, version 3 - 7 Oct 2010

o € R} = well posed local problems
[u] = [¢ 4+ ©(A)] = 0 on each interior edge
[[Onu]] = [[One + On®(A)]] = 0 on each interior edge

p. 9¢ Magdalena Grigoroscuta-Strugaru December, 18" 2009



A new solution methodology

mDGM: Strategy resolution

e Solve local variational problems in each K:

(Opv —ikv)wds = L(w)
oK

tel-00473486, version 3 - 7 Oct 2010
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A new solution methodology

mDGM: Strategy resolution

e Solve local variational problems in each K:

(Opv —ikv)wds = L(w)
oK

e Solve one global variational problem:

> (ﬂe / [@(M][@ ()] + e / [[3nq:(>\)]][[anm]]> _

eCﬁ

tel-00473486, version 3 - 7 Oct 2010

= (8. 1@ + 7. [T, 10.2G)

eCﬁ
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A new solution methodology

mDGM: Performance assessment

R-4-2 element

Total relative error (H1 + jump norm)

tel-00473486, version 3 - 7 Oct 2010
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A new solution methodology

mDGM: Performance assessment

—DGM
=="mDGM

R-4-2 element

Total relative error (H1 + jump norm)
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A new solution methodology

mDGM: Performance assessment
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A new solution methodology

mDGM: Performance assessment

=—DGM, R-8-2b
===mDGM, R-8-2b

R-8-2 element

Total relative error (H1 + jump norm)
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A new solution methodology

tel-00473486, version 3 - 7 Oct 2010

Total relative error (H1 + jump norm)

mDGM: Performance assessment
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A new solution methodology

mDGM: Performance assessment
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A new solution methodology

mDGM: Performance assessment

o
—
o
(Q\V
i3] 0
10 T

@) —DGM, R-8-2b
N~ = -==-mDGM, R-8-5

! 510
N :
g 2‘ '.‘,
7) + 10 “F " ~"
= T N T
(5] g K . 4
> o _ 0 *d <~

- 510 °F . T
B 2

5]

S 10° R-8-5 element
~ el
3 E
o 10 ‘ ‘ ‘ ‘
L 0 20 40 60 80 100
Q Number of elements in one direction

Total relative error, ka=1

Magdalena Grigoroscuta-Strugaru December, 18" 2009



A new solution methodology

mDGM: Implementation issue

Fi=Y (ﬂe [0 @)

eCfl

+Ye /[[(%‘Ph(m)]][[anm”)

AF is Hermitian
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A new solution methodology

mDGM: Implementation issue

Fjp=)>_ (/Be /e[@h(uz)][m]

eC

e | [[ancph(m)n[[an_cbh(uj)n)

AF is Hermitian, but NOT in practice
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A new solution methodology

mDGM: Implementation issue
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A new solution methodology

mDGM: Implementation issue
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A new solution methodology

mDGM: Implementation issue
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A new solution methodology

mDGM: Implementation issue
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A new solution methodology

mDGM: Numerical issue
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A new solution methodology

mDGM: Numerical issue
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A new solution methodology

mDGM: Numerical issue
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A new solution methodology

mDGM: Numerical issue
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A new solution methodology

mDGM: Summary
DGM:

e Solve local variational problems in each K:

(Onv —ikvxs)wds = L(w)
K

e Solve global variational problem:

1 — i _
%E/Q[@(A)]u— > [l
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A new solution methodology

mDGM: Summary
A new DGM.:

o NEW local variational problems in each K:
(Onv — ikvxs)(Onw + i kwxs) = L(w)
oK
e NEW global variational problem:

> (ﬁe / [ (M)][2(10)] + e / [[an@(k)]][[BnW]D -

eCﬁ

tel-00473486, version 3 - 7 Oct 2010
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A new solution methodology

mDGM: Summary
mDGM:
o NEW local variational problems in each K:

(Opv —ikv)wds = L(w)
OK
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A new solution methodology

mDGM: Summary

mDGM:

o NEW local variational problems in each K:

(Opv —ikv)wds = L(w)
OK

e Solve one global variational problem:

> (ﬁe / [@(M)][® ()] + e / [[anq>(,\)]][[anw]]> _

ecﬁ

tel-00473486, version 3 - 7 Oct 2010

= (8. [11@G + 7. [0.A10.2Ga)

eCQ
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A new solution methodology

mDGM: Summary

o Numerical instabilities: improvement,
but not enough

o
10 =——DGM, R-7-2
~="mDGM, R-7-2
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A new solution methodology

mDGM: Summary

o Numerical instabilities: improvement,
but not enough

o
10 =——DGM, R-7-2
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Total relative error
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e Source of the instabilities: loss of the
linear independence
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A new solution methodology
for Helmholtz problems

An improved modified DGM
(imDGM)
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A new solution methodology

iImDGM: main idea

QC o s
i\l\* Reformulate the local variational problems:

tel-00473486, version 3 - 7 Oct 2010

Magdalena Grigoroscuta-Strugaru December, 18" 2009



A new solution methodology

iImDGM: main idea

QC o s
i\l\* Reformulate the local variational problems:

(Opv —ikv)(0,w + ikw)ds = L(w)
K
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A new solution methodology

iImDGM: main idea

QC o s
i\l\* Reformulate the local variational problems:

(Opv —ikv)(0,w + ikw)ds = L(w)
K

—Hermitian and positive definite local matrix
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A new solution methodology

ImDGM: Performance assessment
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A new solution methodology

IMmDGM: Performance assessment
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A new solution methodology

imDGM: Comparison with DGM and
LSM
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A new solution methodology

imDGM: Comparison with DGM and
LSM

e An improved modified DGM (imDGM)
3 <ﬁe [EoE@+. [ [[a@(A)]][[an@(mn)

eCQ

o Least-Squares Method (LSM) - Monk-Wang
(1999)

> (Be [ [W[E] 4 e | [[Bnu]][[0n7]]

5 (o ft . [t

e Discontinuous Galerkin Method (DGM)

3 (ﬂe / [‘I>(>\)]u)

eCﬁ
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A new solution methodology

imDGM: Comparison with DGM and
LSM
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A new solution methodology

imDGM: Comparison with DGM and
LSM
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== =imDGM, R-7-2

R-7-2 element
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A new solution methodology

imDGM: Performance assessment for
a fixed resolution: kh=2

ka R-7-2 R-11-3
50 28% 0.05% R-7-2 element

R-11-3 element
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A new solution methodology

imDGM: Performance assessment for
a fixed resolution: kh=2

ka R-7-2 R-11-3
50 28% 0.05% R-7-2 element
100 51% 0.07%
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A new solution methodology

imDGM: Performance assessment for
a fixed resolution: kh=2

ka R-7-2 R-11-3
50 28% 0.05% R-7-2 element
100 51% 0.07%
200 69% 0.20% T
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A new solution methodology

imDGM: Performance assessment for
a fixed resolution: kh=2

ka R-7-2 R-11-3
50 28% 0.05% R-7-2 element
100 51% 0.07%
200 69% 0.20% T

R-11-3 element

tel-00473486, version 3 - 7 Oct 2010

Computational cost increased by 50%
Gain of more than two orders of magnitude
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A new solution methodology

imDGM: Comparison with DGM and
LSM for a fixed frequency
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A new solution methodology

imDGM: Comparison with DGM and
LSM for a fixed frequency
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Summary and Perspectives

tel-00473486, version 3 - 7 Oct 2010

Magdalena Grigoroscuta-Strugaru December, 18" 2009



summary and Perspectives

Accomplishment: designed and
implemented a new solution
methodology for solving Helmholtz
problems
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methodology for solving Helmholtz
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implemented a new solution
methodology for solving Helmholtz
problems

o Small well-posed local problems

o Global Hermitian, positive semi-definite
and sparse system
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summary and Perspectives

Accomplishment: designed and
implemented a new solution
methodology for solving Helmholtz
problems

o Small well-posed local problems

o Global Hermitian, positive semi-definite
and sparse system

o Performance: outperforms DGM
(accuracy and stability)
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summary and Perspectives

Short-term goals

o Assess the performance of higher-order
elements
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summary and Perspectives

Short-term goals

o Assess the performance of higher-order
elements

o Experiment other shape functions
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summary and Perspectives

Short-term goals

o Assess the performance of higher-order
elements

o Experiment other shape functions

e Unstructured mesh
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summary and Perspectives

Short-term goals

o Assess the performance of higher-order
elements

o Experiment other shape functions
o Unstructured mesh

o Apply iterative methods for the global
system
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summary and Perspectives

Short-term goals

o Assess the performance of higher-order
elements

o Experiment other shape functions
o Unstructured mesh

o Apply iterative methods for the global
system
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o Extend the mathematical analysis to
imDGM
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Conclusion and Perspectives

Long-term goals

o 3 dimensional acoustic scattering
problems
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Conclusion and Perspectives

Long-term goals

o 3 dimensional acoustic scattering
problems

o Elasto-acoustic scattering problems
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The End

Thank you for your attention!
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A new DGM: Mathematical framework

e Local space of the primal variable: VK € 7,
vE e HY(K); AvE + k20X =0in K, }

V(K) =
vt € L2(0K), Opv =ikvE on 9K N T
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A new DGM: Mathematical framework

e Local space of the primal variable: VK € 7,
vE e HY(K); AvE + k20X =0in K, }

V(K) =
vt € L2(0K), Opv =ikvE on 9K N T

e Space of the primal variable:

Y ={v € L*N); VK Emv|x € V(K)}
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A new DGM: Mathematical framework

e Local space of the primal variable: VK € 7,
vE e HY(K); AvE + k20X =0in K, }

V(K) =
vt € L2(0K), Opv =ikvE on 9K N T

e Space of the primal variable:

V={velL*Q); VK Emvlk€eVK)}

e Space of the dual variable:
{ [TAS HKefh L2(8K)’ VK € 1, ;LK =0on oK NX }
M =

VK,K' € 1, p + & =00on 0K N K’
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A new DGM: discrete formulation

o Vh(K) C V(K), M}, C M - finite-dimensional
spaces
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A new DGM: discrete formulation

o Vh(K) C V(K), M}, C M - finite-dimensional
spaces

e Solve a local variational problem in each K:

K , K K gK—
akg(vy, ,w, ) = / Opvy, 0, whds
KN
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A new DGM: discrete formulation

o Vh(K) C V(K), M}, C M - finite-dimensional
spaces

e Solve a local variational problem in each K:
ax (v, wk) = / 0,505, ds
KN
—>Hermitian and positive definite local matrix
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A new DGM: discrete formulation

o Vh(K) C V(K), M}, C M - finite-dimensional
spaces

e Solve a local variational problem in each K:
ax (v, wk) = / 0,505, ds
KN
—>Hermitian and positive definite local matrix

e Solve a global variational problem:

A(min) = Y |1| 1R @atan) ds

e—interior edge

+ Z |2| /[[8n<1>h(77h)]][[3n<1>h(ﬂh)]] ds

e—interior edge

tel-00473486, version 3 - 7 Oct 2010

Magdalena Grigoroscuta-Strugaru December, 18" 2009



A new DGM: discrete formulation

o Vh(K) C V(K), M}, C M - finite-dimensional
spaces

e Solve a local variational problem in each K:

K , K K gK—
ax(vy, ,wy ) :/ Onv,, 0, Wwpds

KN
—>Hermitian and positive definite local matrix

e Solve a global variational problem:

Aoy = Y / (@ n ()] [@n(n)] ds

e—interior edge | |

+ Z el /[[8n<1>h(77h)]][[3n<1>h(ﬂh)]] ds

e—interior edge
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matrix
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The three proposed methods

Local formulation
e A new DGM

/ (Onv —ikvly)(8pw + ikwly) ds = L(w)
OK
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The three proposed methods

Local formulation
e A new DGM

/ (Onv —ikvly)(8pw + ikwly) ds = L(w)
OK
o A modified DGM (mDGM)

(Onpv —ikv)wds = L(w)

OK
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The three proposed methods

Local formulation
e A new DGM

(Onv —ikvly)(8pw + ikwly) ds = L(w)
K
o A modified DGM (mDGM)
(Onpv —ikv)wds = L(w)
K
e An improved modified DGM (imDGM)

(Onv —ikv)(0, w0 +ikw)ds = L(w)
oK

tel-00473486, version 3 - 7 Oct 2010

p. 135 Magdalena Grigoroscuta-Strugaru December, 18" 2009



The three proposed methods

Local formulation
e A new DGM

/ (Onv —ikvly)(8pw + ikwly) ds = L(w)
OK

o A modified DGM (mDGM)
(Onpv —ikv)wds = L(w)

OK

e An improved modified DGM (imDGM)

(Onv —ikv)(0, w0 +ikw)ds = L(w)
oK

(Global formulation
3 (ﬁe [EONEGE) +. [ [[ané(»]][[ancb(u)n)

e—interior edge
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