
.

On the Next Generation

of CFD T o ols

S. T urek + Feast Gr oup

M. Altieri, Chr. Bec k er, S. Buijssen, S. Kilian, D. Kuzmin, F. Platte

J. Hron, P . Kotalik, W. Dec heng, A. Ouazzi, R. Sc hmac h tel, L. Rivkind...

Institut f •ur Angew andte Mathematik & Numerik

Univ ersit• at Dortm und

http://www.featflow.de

1



T rends in Numerics for PDEs:

`A p osteriori err or c ontr ol/adaptive meshing'

`Iter ative (p ar al lel) solution str ate gies'

`Op er ator-splitting for c ouple d pr oblems'

Impro v emen t of Numerical E�ciency !!!

m

T rends in Pro cessor T ec hnology:

`Enormous impr ovements in Pro cessing Data '

`Much lower advanc es in Mo ving Data '

1 PC in 10 y ears � 1 CRA Y T3E to da y !!!
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Questions:

`Can we use this enormous c omputing p ower ?'

` P articularly: F or Numerics for PDEs ???'

`If not , how to achieve a signi�c ant p er c entage ?'

+

Sp arse Matrix-V ector tec hniques (FEM)

DO 10 IROW=1,N

DO 10 ICOL=KLD(IROW),KLD(IROW+1)-1

10 Y(IROW)=DA(ICOL)*X(KCOL(ICOL))+Y(IROW)

Sp arse Banded MV tec hniques (FD)

K M
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Results (MFLOP/s) for IDENTICAL matrices

2D case N Sparse SB-V SB-C MG-V MG-C

DEC 21264 65

2

205 (178) 538 795 370 452

` ES40 ' 1025

2

78 (11) 158 813 185 401

HIT A CHI 65

2

173 (82) 238 391 191 266

` SR8000 ' 1025

2

144 (7) 226 390 200 267

AMD K7 65

2

203 (195) 101 556 122 355

` A THLON ' 1025

2

31 (10) 64 236 58 126

Sp arse MV tec hniques

� MFLOP/s rates far a w a y from ` P eak P erformance '

� PC partially faster than pro cessors in `sup ercomputers' !!!

Sp arse Banded MV tec hniques

� FEM-Sim ulation for complex domains ???

+

Complete Sim ulation T o ols m uc h slo w er !!!
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FEAST pro ject

Implemen tation tec hniques and

Numerics (!) adapted to hardw are !!!

*

Hardw are-orien ted Numerics
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I) Concepts for adaptiv e meshing

1) macr o-oriente d adaptivity

2) p atchwise adaptivity
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3) lo c al adaptivity

! hanging no des, triangles/quads, : : :
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Example: Time-dep enden t Geometries

`Fictitious Boundary T ec hniques'

Iter ative �ltering te chniques on time-indep enden t grids

without explicit c apturing of time-dep enden t ge ometries
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I I) Concepts for iterativ e (parallel) solv ers

1) Standar d Multigrid

� parallelization of `recursiv e' smo others (only blo c kwise) ?

� to o few arithmetic w ork vs. data exc hange !

2) Standar d Domain De c omp osition

� go o d ratio for comm unication/arithmetic w ork !

� bad con v ergence b eha viour w.r.t. m ultigrid !

+

1) + 2) = ScaR C

Hide r e cursively al l anisotr opies in

`lo c al' units! ( robustness )

Perform al l Line ar A lgebr a tasks on

`lo c al' units only! ( e�ciency )
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Example: Realization of ScaR C in Feast

2D decomp osition and zo omed (macro) elemen t (LEVEL 3) with

lo cally anisotropic re�nemen t to w ards the w all

ScaR C -CG solv er (smo othing steps: 1 global ScaR C ; 1 lo cal

`MG-T riGS') for lo cally (an)isotropic re�nemen t

Global (parallel) con v ergence rates

# N E Q Diric hlet 'V elo cit y' Neumann 'Pressure'

AR � 10 AR � 10

6

AR � 10 AR � 10

6

843 ; 776 0.17 ( 8 ) 0.17 ( 8 ) 0.20 ( 9 ) 0.17 ( 8 )

3 ; 375 ; 104 0.18 ( 9 ) 0.19 ( 9 ) 0.22 ( 10 ) 0.22 ( 10 )

13 ; 500 ; 416 0.19 ( 9 ) 0.18 ( 9 ) 0.23 ( 10 ) 0.23 ( 10 )

Lo cal con v ergence rates (for AR � 10

6

)
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I I I) MPSC: Incompressible Flo w Solv ers

R esults with Fea tFlo w

Computer total time `memory in tensiv e' `oating p oin t'

IBM SP2 (160 MHz) 2748 1587 ( 58% ) 1161 ( 42% )

PC PI I (400 MHz) 4927 2401 ( 49% ) 2526 ( 51% )

IBM SP2 (66 MHz) 5970 3824 ( 64% ) 2146 ( 36% )

� `Discrete Pro jection': Burgers + Pressure P oisson

� Streamline-Di�usion FEM discretization in 3D

� Implicit adaptiv e time stepping

� F aster solvers useless !

+

Ho w to increase the

`oating p oin t' in tensiv e parts ?

L ar ger time steps !

Ho w ???
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Stronger v elo cit y-pressure coupling:

`Perform mor e arithmetic work with the onc e

assemble d matric es and ve ctors' !

+

Multilevel Pr essur e Schur Complement

CPU (solv ers) Metho d #NT

14,358 ( 81% ) fully impl. MPSC 39

42,679 ( 51% ) semi-impl. DPM 165

64,485 ( 54% ) semi-expl. DPM 889
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+

`R e ady' for Sp arse Banded Blas

`R e ady' for Galerkin-typ e err or c ontr ol
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T est: Flo w through V en turi Pip e

Adaptiv e time step con trol for v elo cit y (global, l

2

) and

ux (through upp er device !!! )
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Flux Pressure

Meth. #NT l

2

mean l

2

mean

n-MPSC 38 15% 1% 19% 1%

O l-MPSC 222 11% 2% 13% 0%

K n-DPM 263 11% 2% 14% 3%

l-DPM 649 4% 0% 5% 0%

xl-DPM 6941 11% 0% 14% 0%
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T est: P erp endicular ino w in to pip e

2

3

4

5

6

7

0 1 2 3 4 5

U(POINT)

-14

-12

-10

-8

-6

-4

-2

0

2

0 1 2 3 4 5

P(POINT)

-1

-0.5

0

0.5

1

0 1 2 3 4 5

P(MEAN)

Rigorous adaptiv e error con trol of

mean v alues (`w all pressure') in

space/time ?!?
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Hardw are-Orien ted Numerics for PDEs:

1) Patch-oriente d adaptivity

`Many' (lo c al) tensorpro duct grids (S-B Blas)

`F ew' (lo c al) unstructured grids (Sp arse)

2) Gener alize d MG-DD solver: ScaR C

Exploit lo c al ly `r e gular' structur es (e�ciency)

R e cursive `clustering' of anisotr opies (robustness)

`Str ong lo c al solvers impr ove glob al c onver genc e !'

3) Navier-Stokes solvers: F ul l Galerkin MPSC

Develop Navier-Stokes solvers with mor e `arithmetic'

than `memory intensive' op er ations

`Exploit lo cally regular structures !!!'
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Consequences for FEA TFLO W:

Pr ototypic al version of FEAST is available

Pr ototypic al version of FEASTFLO W is exp e cte d

for 2002/3

D VD version of FEA TFLO W + `Virtual A lbum'

(ful l) in 2001

`FEA TFLO W spring scho ol' in 2002

`L ast' FEA TFLO W version in 2002 with many

applic ations
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