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...a few words

-®* The modeling and simulation of complex physical systems often
involves many components because

1. the physical system itself has components of differing natures,

2. parallel computing strategies require many (somewhat
independent) components, and

3. existing simulation software implies only to simpler geometrical
shapes and physical situations.

-®- We propose IR Tool, a simulation environment which

1. solves MultiDomain/MultiPhysics problems using relaxation
methods

has wide application,

has increased flexibility,

has high performance,

offers parallelism and

reuses existing software
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Computational approaches
simulating large scientific problems

-®-Simple Domain Decomposition
1. discretization of the geometrical domain using grids or meshes to create a

large discrete problem

2. grids or meshes are then partitioned to create a set of inter-connected
discrete problems

3. solves a boundary value problem by splitting it into smaller boundary
value problems on subdomains

4. 1terates to coordinate the solution between adjacent subdomains.

problems on the subdomains are independent
suitable for parallel computing

+ + +

Overlapping / non overlapping subdomains

- one or few unknowns per subdomain

- typically used as pre-conditioners
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Computational approaches
simulating large scientific problems

-&Schwarz Splitting
1. decomposes the geometrical domain into components with small
overlap
2. each component can then be solved independently

3. the Schwarz alternating method 1s applied iteratively to compute
the global solution

4. 1terates to coordinate the solution between adjacent subdomains.

+ problems on the subdomains are independent
+ suitable for parallel computing

- overlapping creates a serious complication in the Schwarz method
- Discovery of non overlapping methods
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Computational approaches
simulating large scientific problems

-® Interface Relaxation

-® A complex physical phenomenon consists of a collection of simple parts with each one of
them obeying a single physical law locally and adjusting its interface conditions with
neighbors.

~ Southwell 1930
+® IR Procedure
1. Guess solution values (and derivatives if needed) on all subdomain interfaces

2. Solve all single PDEs exactly and independently on all the subdomain with these
values as boundary conditions.

3. Compare and improve the values on all interfaces using a relaxer

4. Return to Step 2 until satisfactory accuracy is achieved.

Problems on the subdomains are independent
Suitable for parallel computing
Maximum Generality

Flexibility

+ + + +
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-2 IR Mechanism

Differential Problem

Du=finQ, Bu=condoQ (3.1),
D: elliptic, non linear differential operator
B : Condition operator on 0

1.This domain is partitioned into p open subdomains
Qi ,i=1,...,p such that @ = U"_ Q:\0Q and Nt_, Q; = (.
2. Replace (3.1) with
Diu = f; in $);,
Giju =0 on (0; NOQ;)\0O Vg # 1, Biu = ¢; on 0€); N dS

(3.2)
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GEO Method

e fork =0.1.2. ...

&k ‘ “a).-l ‘ nuk,n ' ' A k d“ul-l
— it = SR LR (L +%-) on each interface
2 wp+wgrg \ Jdr dx
— u* Y = solve_pde(ui'**") in each subdomain

® One step method

e U: solution

®S: slope

® m: needed correction

e w: width

® One can intuitively view this
as grabbing the function U at
the | and stretching itup by m  ° | “x
until its derivative becomes

continuous
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Related Work

-&-SciAgent
® Agent Based Framework
® C & Java
® Parallelism of the Interface Relaxation Methods on
heterogenous workstations

Wednesday, July 17, 13



IRToolBox Implementation

-® Matlab’s PDETool as “backbone”.

+ Flexible for the study and solution of PDFE’s.

+ Faces multi-domain problems at the linear algebra level of study

+  Open Source code for further development

- Unable to solve multiDomain / multiPhysics problems with IR Methods

- Interfaces cannot be treated properly and cannot be treated by other methods

- Unable to treat each subdomain separately
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IRToolBox Implementation

-2 IRTool

+ Uses existing of wide use scientific software

+ Deals with the interface segments

+ Treats each subdomain independently

+ Solves the global problem by contemplating parameters as
e interface relaxation methods
e initial guesses on the interface segments
e tolerance (convergence).

e all the parameters for the PDE problems
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IRTool GUI

-®Conforms to common pull-down menu standards

-®Menu items followed by a right arrow lead to a
submenu

-®Menu items followed by an ellipsis lead to a dialog
box

-®-Stand-alone menu items lead to direct action
-®-lcon buttons for quick and easy access

-®-Keyboard accelerators
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Global Window

-® Global Geometry is drawn

e O O IRTool ~ Global Window ~ [Untitled]

File Edit Options Draw Boundary PDE Mesh Solve Plot Interface Relaxation Window Help

O O D > |, e A L] =] | O [[omwesan | x o C
Set formula:
08 | ......................................... ......................................... ......................................... ...................................... .
o T T N S T _
) T T S T _
02 | ......................................... ......................................... ......................................... ...................................... .

02 S O e SO -

B Y. ] S PR ......................................... ......................................... ......................................... ...................................... —

Info: Push to initialize mesh.
Exit
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File Menu Edit Menu

rm Edit Opti‘

‘

Options
New &N ]| Undo 38
Open... &0 I Cut 9
Save 3BS | Copy ap
Save As... — Paste... 3
Print... Clear =
L Exit ::WA L Select All 3£A
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Options Menu Draw Menu

r I .

File Edit I:Em Draw Boundary

]| = Crid m Boundary PDE Mesh Solwe
——————  (Crid Spacing... 4
Set formul Snap D ‘ Draw Mode
| —- Rectangle/square
Axes Limits... | Rectangle/square (centered)
Axes Equal Ellipse/circle
Ellipse/circle (centered)

Turn off Toolbar Help B Polygon
Zoom Rotate...
Application > Export Geometry Description, Set For

Refresh

N B ' P
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Interface Relaxation

Menu
‘

r

LGPV e Window

Decompose Ceometry
Parameters —
Solve MultiPDE |
Clear IR Parameters
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6006

Subdomain Window

-®Each one contains the subdomain of the global

Geometry

RTool - Global Vindow - Untiied]

N -

800

in Window~ - [Untitled]

File Options

[:]“O @ >, DDE‘A‘& = @‘G\I\aonnms«zm . X 0254

Boundary PDE Mesh Window Help

File Options

Olmo® > g [

Boundary PDE Mesh Window Help

AN &‘ = ‘@ G\l‘ Gonerc Scaar S x oar Y. 0753

Seotfomua:

Setformula:

"2

20 geomatry. Ba
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Boundary PDE Mesh

Menu Menu Menu
' ' ' m Window Help '
Mesh Mode
Initialize Mesh =
PDE Mesh Window m Mesh Window Refine Mesh g

Boundary Mode PDE Mode Jiggle Mesh

Specify Boundary Conditions...

Show Edge Labels Show Subdomain Label Undo Mesh Change

Show Subdomain Labels PDE Specification... Display Triangle Quality

Remove Subdomain Border . Show Node Labels
Remove All Subdomain Borders Export PDE Coefficients Show Triangle Labels

Export Decomposed Geometry, Bo

Parameters...

k ‘ k A LExport Mesh... 4
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User Guide / Numerical
Experiments

-®-Uniform Problem
e Elliptic problem
Lu(x,y) = =V2u(x,p)+y2u(xy)=f(xy), (xy) € Q
ulx, y) =ub(x, y), (x, y) €00,

® The true solution u(x,y) 1s

u(x,y) = YOt )x(x-1)(x-0.9)y(-0.5).

*Geometry

eThree domains with interfaces on x1 = 1/3 and x2 = 2/3.

eMesh Parameter
eHmax =0.05

eInterface parameter

eomega is 0.03 and 0.04 for the first and second interface respectively.
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-®Initialization of IRToolbox

1. Type “irtool” in Matlab’s command window.
2. Global Window Opens

-®-Draw Mode
1. We can draw the global geometry

‘‘‘‘‘‘
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-®Decompose Global Geometry to Subdomains

Interface Relaxation

Decompose Geometry
+ Parameters
- Solve MultiPDE
- Clear IR Parameters -

IR Toolbox - EXPERIMENT2.M IRTool ~Subdomain Window~ - [Untitled]

File Edit Options Draw Boundary PDE Mesh Solve Plot Interface Relaxation Window Help File Options Boundary PDE Mesh Window Help
[ o @ » |, e A | = ][] cenercscaar S Y 02 | ] <o @ =, el A o] = =] O[] cenercscanr S]] _x oosem Y. 02788 |
Set formula: S | Set formula: = ‘
18 B2 H 18
17 H 17
15 H 16
15 A3 H 15
14 H 14
13 H 13
12 H 12
11 H 11
1 1
038 R1 03
0.8 08
0.7 07 il
06 06
05 0s
04 04
0.3 03
0.2 0.2
0.1 0.1
% 0.1 0.2 03 04 5 5 07 08 0.9 o [X] 02 03 04 [ 0.6 0.7 [ 0.9
Info:  Draw 2-D geometry. | Ext | | Info:  Setxand y spacing. Separate entries using Spaces, commas, SeM-ColoNs, of brackets. | E ‘
000 IRTool ~Subdomain Window-~ - [Untitled] IRTool ~Subdomain Window-~ — [Untitled]
File Options Boundary PDE Mesh Window Help File Options Boundary PDE Mesh Window Help
= o @ » |, e A | = ][] cenercscanr s] ] x: ossss Y: 119 = o @ » |, el A | = || S [ cenerescanr S]] X o4 Yo 17 ]
Set formula: = | Set formula: = ‘
19 18 H
5 k2 17 s U
17 15 H
16 15 I
15 14 L
14 s |
13 12 H
12
o 11 H
| 1
s 0.9
o 08
07 07
06 06
05 08
04 04
03 03
0.2 0.2
0.1 0.1
! 0.1 0.2 0.3 04 5 0.6 0.7 0.8 0.9 0 0.1 0.2 0.3 04 5 [ 0.7 0.8 0.9
Info:  Cickand drag at perimeter 1o create elipse. | Ext 1 | Info:  Push 10 refine mesh. | | ‘
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-®-Boundary Mode (1/2)

1. Choose Boundary Mode on Each Subdomain
PDE Mesh Window Help

Boundary Mode #¥B |
Specify Boundary Conditions... |
Show Edge Labels ‘
Show Subdomain Labels *

Remove Subdomain Border
Remove All Subdomain Borders

Export Decomposed Geometry, Boundary Cond's...

IR Toolbox - EXPERIMENT2.M 18600 IRTool in Window~ - [Untitled]
File Edit Options Draw Boundary PDE Mesh Solve Plot Interface Relaxation Window Help File Options Boundary PDE Mesh Window Help
[mm) o @ e, el | = | L[] cenorcscanr I Y. 02 [m=) o @ » |, el A = | O[] cenercscanr ST x oosios V. oaTe |
Sot formula: S Sot formuia. - ‘
18 02 H 2
17 19
15 e
15 R3 7
16
14 s
13 14
12 13
11 12
1 1.1
09 A1 1
08 L]
07 08
08 o7
05 08
0s
04 04
03 03
02 02
0.1 0.1
% 0.1 0.2 03 04 05 0.6 0.7 [ 0.9 : 0.1 0.2 03 04 [5 0.6 0.7 [ 0.9
Info:  The current x-axis coordinate s displayed here. | \Il Info:  Enter axes imis. Il
00 0O IRTool ~Subdomain Window~ - [Untitled]
File Options Boundary PDE Mesh Window Help File Options Boundary PDE Mesh Window Help
[ o @ » | 4 el A ] =[] A [ cenorcscanr 2] x 09 Y 13 O @3 <ol » |, el Al = = &[] cenercscaar 2] _x 05 Y: 2.1 |
Setformuia: = | Set formuia: = ‘
2 > 2 -
19 19
18 18
17 17
15 15
15 = 15
14 14
13 13
12 12
11 11
1 1
0.9 (X}
0.8 08
07 07
08 08
05 05
04 04
0.3 03
0.2 02
0.1 0.1
! 0.1 0.2 (5 04 05 0.6 0.7 08 0.9 ! 0.1 0.2 03 04 [5 0.6 0.7 [ 0.9
Info:  Cliek to select boundaries. Double-Clck to open boundary condtion dialog box. | II I Info:  Enter axes Imts. | [ Ext ‘
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-®-Boundary Mode (2/2)

1. Define Boundary conditions
® The true solution u(x,y) 1s

uxy) = eV(X+4)x(x-])(x-0.9)y()/-0.5).

e OO0 Boundary Condition
Boundary condition equation: h'u
Condition type: cient Value Description
() Neumann 0
(®) Dinchiet 0

LexD(y. (x44))."X."(x-1)." (x-.9). Y. " (y~.5), |

OK | Cancel

2. Define Interface Relaxation Conditions
® Omega 1s 0.03 & 0.04 on the two interfaces

e 00O Intearface Relaxation Condition
Geo
Condition type: Coefficient Value Description
(") user Detine lal Cond 56
() ceo
( OK Cancel
8 00 Intearface Relaxation Condition
Geo
Co n type: Coefficient  Value Description
() User Define Initial Conditon (3347 6-y-493
(®) ceo
[0.04]
( OK Cancel

Double

click on
boundaries

Double
click on
interfaces
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+®-PDE MODE
1. Choose PDE Specification from PDE Menu

mMesh Window Help

PDE Mode
Show Subdomain Labels
PDE Specification...

Export PDE Coefficients...

2. Enter PDE parameters for each subdomain

Lu(x,y) = =V2u(x,p)+y2u(xy)=fxy), (xy) € 2
u(x, y) = ubix, ), (x,y) €00,

e O 0 PDE Specification
Equation : -div(c'grad(u))+a“u=t
Type of PDE: Coefficent  Vale
(o) Elp
\,;J Par.
(") Hypemolic b lexply."(x+4). % 01 (-7 5] |
) Egenmodes
L B ) e )
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-®-Mesh Mode
1. Enter Mesh parameters
® Hmax = 0.05 on each subdomain

e OO0 Mesh Pal;ameters

Intmesh parameters

Maximum edge size:

0.05

NMesh growth rate:

13

(V] Jiggie mesn

Jigglemesh parameters

Jiggle mode:

| optimize mean s

Number of jiggle fterations:

Hetinement method:

| reguiar al

OK Cancel |
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-&-Specify Interface Relaxation Method parameters
® Number of iterations =20
® Maximum Error = .5e-6

NG EECLGEEYEU M Window

. Decompose Geometry

Parameters —
Solve MultiPDE [
Clear IR Parameters

® O O IR Parameters

Enteriterations humber:
20

Ent er etrorvalue:
Se-b

L OK JLCanoelJ'
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- ®-Solve MultiPDE
1. Choose Solve MyltiPDE from the Interface
Relaxation Menu

8 00 Figure 1

File Edit View Insert Tools Desktop Window Help

NEES M ARA0DEH- 2 08 aO

IterNum=25 history of 1 interface values IterNum=25 history of 2 interface values
2 — 2500 T T T T 2000 T T T -
18- o 1800
2000
1.6 2000 1600
14— 1400
1500
1.2 1500 1200
1+~ 1000
=—1000
0.8 — 1000 800
0.6 — 600
=—1500
04— 500 400
02 200
o
0 | | 1 | | L 0 | | 1 | 0 | | | 1
0.2 04 0.6 0.8 1 1.5 1.6 1.7 18 19 1.5 1.6 1.7 1.8 19
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Conclusions

- 2-Our approach enjoys the following approaches:

1. Problem simplification.

e Simpler local physical rules acting on simpler
geometries.

® convenient abstraction & closer to real world.

2. Reduction in software development time.
® Reuse of legacy scientific software.

3. Numerical efficiency.
® Use the most appropriate numerical method
for each particular subproblem.
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Questions?




Thank You






