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A TWO GRID SOLVER FOR SPD PROBLEMS

We seek x such that Ax = b. Consider the following iterative scheme:

rtD) = [T — a™ AS]r™)

where S is a matrix, and (™ is a relaxation parameter. o™ optimal if:

(A_lfr»(n), Sr(n))A
(Sr(), Sr() 4

o™ = arg min || ™) — x ||4=

Then, we define our two grid solver as:

1iteration with § = Sp = > A;'  +
1 iteration with § = S¢ = PAZ'R
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A TWO GRID SOLVER FOR SPD PROBLEMS

Error reduction and stopping criteria

Let ™) = (™ — x the error at step n, ¢ = [I — ScAle™ = [I — Pcle™. Then:

| e 1% | (&™), SpAe™) 4 |2 | (&™), (P + SpA)E™) 4 |?
[ e™ |3 | 6 (14| SpAE™ % | €M 141 SpAe™ |1
Then:
e(nt1) |2 e, (P, SrA)e) 4 |? -
I gA < sup[l — | (e, ( C2+ rA) )2A | ]<c <1 (Error Reduction)
| et |I% e I e ll4all SrAe [I%

For our stopping criteria, we want: Iterative Solver Error = Discretization Error. That is:

| e™ b ]la

< 0,01 (Stopping Criteria)

I'el® ||a
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A TWO GRID SOLVER FOR ELECTROMAGNETICS

We seek x such that Ax = b. Consider the following iterative scheme:

rtD) = [T — o™ AS]r™

where S is a matrix, and (™ is a relaxation parameter. o(™ optimal if:

(A_lfr(n), Sr(n))B
(Sr(m, Srim) 4

a™ =arg min || ™) — 2 ||g= (NOT COMPUTABLE)

Then, we define our two grid solver for Electromagnetics as:

1iteration with § = Sp = > A;'  +
1iteration with § = Sy =>.G;' +
1 iteration with § = S¢ = PAZ'R
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A TWO GRID SOLVER FOR ELECTROMAGNETICS

A two grid solver for discretization of Maxwell’'s equations
using hp-FE

Helmholtz decomposition:

Hp(curl; Q) = (Ker(curl)) ® (Ker(curl))+t

We define the following subspaces (T' =grid, K =element, v =vertex, e —=edge):

O = int(J{K € Ty : vg,; € 0K}) ; g = int(J{K € Tk : e, € 0K}) Domain decomposition
My, = {u € Mj : supp(u) C 3 ;} 5 Mg, = {u € M :supp(u) C Qf ;} Nedelec's elements decomposition
Wy, ={u € Wi :supp(u) C Qf;} ;5 Wg, ={u € Wi :supp(u) C Qg ;} =90 Polynomial spaces decomposition

Hiptmair proposed the following decomposition of Mj:

My, = > Mig; + 32, VW,

Arnold et. al proposed the following decomposition of Mj:

Mk — Zv Mlg,z
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PERFORMANCE OF THE TWO GRID SOLVER

Plane Wave incident into a screen (diffraction problem)

Screen

Second component of electric field
Geometry

R =<

SCALES: nrdof~0.33, log(error)

Convergence history Final hp grid
(tolerance error=0.1%)
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PERFORMANCE OF THE TWO GRID SOLVER

David Pardo

Guiding automatic hp-refinements

Diffraction problem. Guiding hp-refinements with a partially converged solution.
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PERFORMANCE OF THE TWO GRID SOLVER

Waveguide example

« I

<

Convergence history Final hp grid
(tolerance error= 0.5 %)
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PERFORMANCE OF THE TWO GRID SOLVER

Guiding automatic hp-refinements

Waveguide problem. Guiding hp-refinements with a partially converged solution.
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PERFORMANCE OF THE TWO GRID SOLVER

Fickera problem
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Equation: —Au =0 Solution: unknown
Boundary Conditions: Neumann, Dirichlet
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Convergence history Final hp grid
(tolerance error=1%)




January 2004 David Pardo

PERFORMANCE OF THE TWO GRID SOLVER

3D shock like solution example

U

Equation: —Au = f

Geometry: [0,1]3 Solution: u = atan(20 * /7 — v/3))
. 9

r=(x—,25) % *2 + (y —,25) * %2 4+ (z — ,25) * *2
Boundary Conditions: Dirichlet
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Convergence history Final hp grid
(tolerance error=1%)
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PERFORMANCE OF THE TWO GRID SOLVER

Performance of the two grid solver

3D shock like solution example
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In core computations, AMD Athlon 1 Ghz processor.




January 2004

David Pardo

PERFORMANCE OF THE TWO GRID SOLVER

RELATIVE ERROR IN % (LOGARITHMIC SCALE)
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Convergence history

3D shock like solution example
Scales: ERROR VS TIME.
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ELECTROMAGNETIC APPLICATIONS

Edge diffraction example(Baker-Hughes): Electrostatics

Dirichlet Boundary Conditions
u(boundary)=—In r, r=sqgrt (x*x+y*y)

13
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ELECTROMAGNETIC APPLICATIONS

Edge diffraction example: Final Ap grid, Zoom =1

2Dhp90: A Fully automatic hp-adaptive Finite Element code

AR et e e e

fit
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ELECTROMAGNETIC APPLICATIONS

Edge diffraction example: Final hp grid, Zoom = 10"

2Dhp90: A Fully automatic hp-adaptive Finite Element code

15
Supervisor: Leszek Demkowicz AFOSR EM Conference
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ELECTROMAGNETIC APPLICATIONS

David Pardo

Edge diffraction example: Comparison between exact and approximate solution at
distances 0.01-1 from the singularity

18.385059
16.854529
15.323099
137
12.2¢
10.73
9.20
767
6.140819
4.610289
3.079759
1549229
0.018699

-1.511831

-3.042361

4572891

-6.103421
-1.007193 |

-1.096212 | -1.185230 | -1.274248 | -1.363267 | -1.452285 | -1.541303 | -1.630322 |

X
-1.719340
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ELECTROMAGNETIC APPLICATIONS

Edge diffraction example: Comparison between exact and approximate solution at
distances 0.0001-0.01 from the singularity

38.328379

22.106964
20.859163
19.611362
18.363561 X

| -1.000072 | -1.000962 [ -1.001852 [ -1.002742 | -1.003633 | -1.004523 | -1.005413 [ -1.006303 | -1.007193
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ELECTROMAGNETIC APPLICATIONS

Edge diffraction example: Comparison between exact and approximate solution at
distances 0.000001-0.0001 from the singularity

58.199630
56.956577
55.713524

X
-1.000001 | -1.000010 | -1.000019 | -1.000027 | -1.000036 | -1.000045 | -1.000054 | -1.000063 | -1.000072
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ELECTROMAGNETIC APPLICATIONS

Waveguide example with six iris

Geometry of a cross section of the rectangular waveguide

| H-plane six resonant iris filter.

| Dominant mode (source): T E1p—mode.

Is,,| (@B)

1 Dimensions ~ 20 x 2 X 1 cm.
| Operating Frequency = 8,8 — 9,6 Ghz

1 Cutoff frequency =~ 6,56 Ghz

88 8.9 9 91 92 93 94 95 96
Frequency (Ghz)

Return loss of the waveguide structure
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ELECTROMAGNETIC APPLICATIONS

FEM solutlon for frequency = 8 72 Ghz "
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ELECTROMAGNETIC APPLICATIONS

FEM solution for frequency = 8,82 Ghz
e A E L Sm
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ELECTROMAGNETIC APPLICATIONS

FEM solution for frequency = 9,58 Ghz

| Hy|

VIH >+ Hy[?
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ELECTROMAGNETIC APPLICATIONS

FEM solution for frequency = 9,71 Ghz
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