Are Magnus Bruaset Aslak Tveito (Eds.)

Numerical Solution
of Partial Differential
Equations on Parallel
Computers

With 201 Figures and 42 Tables

@_ Springer



Contents

Part I Parallel Computing

1 Parallel Programming Models Applicable to Cluster Computing

and Beyond

Ricky A. Kendall, Masha Sosonkina, William D. Gropp, Robert W. Numrich,

Thomas Sterling ... ... .co. ittt ettt
1.1 Introduction ......cvvviiieeienneeeneieeenneneninnoenannnnnns
1.2 Message-Passing Interface .............cooiii i,
1.3 Shared-Memory Programming with OpenMP ....................
1.4 Distributed Shared-Memory Programming Models................
1.5 Future Programming Models ..........oooiiiiiiiiiii ...
1.6 Final Thoughts. .. ..o.uutnttt it e iiiinneeeeaennnn,
R ereNCeS . vttt e e e

2 Partitioning and Dynamic Load Balancing for the Numerical Solution

of Partial Differential Equations

James D. Teresco, Karen D. Devine, Joseph E. Flaherty ..................
2.1 The Partitioning and Dynamic Load Balancing Problems ..........
2.2 Partitioning and Dynamic Load Balancing Taxonomy .............
2.3 Algorithm COmpariSOons .. .....ovvvvrvreeeneeerieraneernneeans
24 SO EWATE ..ttt e e
2.5 Current Challenges .......ovvviiieniiiiirinnaieeriniieneeens
S (<) (31 Lo P

3 Graphics Processor Units: New Prospects for Parallel Computing

Martin Rumpf, Robert Strzodka . ......oovvvviiiii i,
3.1 Introduction ......vvireviiiniiiii i
0 N 1103
G T T o Vo1 - PR
34 PrOSPECES v vvvvviiens e tiiiit it i e
3.5 Appendix: Graphics Processor Units (GPUs) In-Depth ............



X Contents

S5 53 1= 1o - SO 131

Part II Parallel Algorithms

4 Domain Decomposition Techniques

Luca Formaggia, Marzio Sala, Fausto Saleri . . ...............ccccouvun... 135
4.1 IntroduCtion .. .vvuie ettt ettt e e e 135
4.2 The Schur Complement System. .. .........ooviverinnnnnnnee.. 138
4.3 The Schur Complement System Used as a Preconditioner .......... 146
4.4 The Schwarz Preconditioner ..............ccoviiiiiiiiiineennn. 147
45  APPLCAtiONS . . .ttt ittt e e 152
4.6 ConClUSIONS . . ..evvure ettt et et eree e eeinennaeneeens 159
References . ...t e e 162

5 Parallel Geometric Multigrid

Frank Hiilsemann, Markus Kowarschik, Marcus Mohr, Ulrich Riide ......... 165
5.1 OVeIVIEW ittt e it e 165
5.2 Introductionto Multigrid .......... ...t 166
5.3 Elementary Parallel Multigrid .............. ...t 177
5.4 Parallel Multigrid for Unstructured Grid Applications ............. 189
5.5 Single-Node Performance ..................cciiiiiiiiiinnnnn 193
5.6 Advanced Paralle]l Multigrid .............. ..o it 195
5.7 ConClUSIONS .. vvvvtttet ittt et tet ettt iiaainnaeesns 204
References . ..o e 205

6 Parallel Algebraic Multigrid Methods ~ High
Performance Preconditioners

Ulrike Meier Yang . . . .. ..ottt 209
6.1 IntroduCtOn ... ....uvrevr i e e 209
6.2 Algebraic Multigrid - Concept and Description................... 210
6.3 Coarse Grid Selection .. .....vvvtt ittt 212
6.4 Interpolation..........c.vvutiiiiireni e 220
6.5 SMOOthINg . ...vvvirt i e e 223
6.6 Numerical ReSults . ... ..ovvvriie e iiierirreaans 225
6.7 Software Packages. . ....vvvriv i e 230
6.8 Conclusions and Future Work ..........ooviiiiiiinnnrenreennns 232
R ereNCES .« v vttt e s 233

7 Parallel Mesh Generation

Nikos ChrisOChOIdes . . ... ... u et e e e 237
7.1 INtroduCtion .. .vvvuvt st ittt e e 237
7.2 Domain Decomposition Approaches.............covvvveveneness 238
7.3 Parallel Mesh Generation Methods .........oovvivievirrinnnnnes 240
T4 TAXOMOMLY .+ttt v veteeeete ettt s ettt seneneeennnnneernnens 255

7.5 Implementation ........uvuuieeniree e ittt 255



Contents X1
7.6 Future Directions. ... .cvuureerennnnreennineeenreninneennns 258
R ErenCeS . .\ e e e 259

Part III Parallel Software Tools

8 The Design and Implementation of hypre, a Library of Parallel High

Performance Preconditioners

Robert D. Falgout, Jim E. Jones, Ulrike MeierYang . ..................... 267
8.1 Introduction .........vvvvieeenunmeneeeennrunnnoneeenunnonnss 267
8.2 Conceptual Interfaces ..........ccovviiiiiiiiiiinii i, 268
83 ObjectModel ...ttt e 270
8.4 The Structured-Grid Interface (Struct)......cocvviiiivnn... 272
8.5 The Semi-Structured-Grid Interface (semiStruct).............. 274
8.6 The Finite Element Interface (FEI) .......ccoiiiineeneinennn.. 280
8.7 The Linear-Algebraic Interface (TJ).......cccoiveeveeeenennnn. 281
8.8 Implementation ..........oiiiiiiiiiiiiiiiiiii i 282
8.9 Preconditioners and SOIVEIS .. .....vvireriinrinnnnereernnnnnnn. 289
8.10 Additional Information . .........ccovireieireiiineneenennnn.. 291
8.11 Conclusions and Future Work ............cociiiiiiiiiiinnnn.. 291
| (53 (S5 1oL J S PP 292

9 Parallelizing PDE Solvers Using the Python Programming Language

Xing Cai, Hans Petter Langtangen . .. ..........uviinvinninn e 295
0.1 IntroduCHion .. .vvvvve ittt ettt ettt et 295
9.2 High-Performance Serial Computing in Python................... 296
9.3 Parallelizing Serial PDE Solvers .........oovvviii ... 299
9.4 Python Software for Parallelization.................coovinnt 307
9.5 Test Cases and Numerical Experiments ...........c..covvvvinin. 313
0.6 SUMIMAIY < \vvvvvretieeenennueneeenetneeneeiueauereennenans 323
2SS (c3 (=) 1= J A 324

10 Parallel PDE-Based Simulations Using the Common

Component Architecture

Lois Curfman Mclnnes, Benjamin A. Allan, Robert Armstrong, Steven J.

Benson, David E. Bernholdt, Tamara L. Dahlgren, Lori Freitag Diachin,

Manojkumar Krishnan, James A. Kohl, J. Walter Larson, Sophia Lefantzi,

Jarek Nieplocha, Boyana Norris, Steven G. Parker, Jaideep Ray, Shujia Zhow . 327
10.1 Introduction o . vvvvien e iiiee ettt 328
10.2 Motivating Parallel PDE-Based Simulations ..................... 330
10.3 High-Performance COmponents. .......ovvevviiineeeeeinnnenen. 334
10.4 Reusable Scientific Components ...........ooiiiiiiiiiinnne... 344
10.5 Componentization Strategies ..........ccoeviiiiii .. 355
10.6 Case Studies: Tying Everything Together............. ...t 359
10.7 Conclusions and Future Work .........coiiiiiiiiiiiiiiienennn. 371
RTINS vt v ettt et e e 373



Xa Contents

Part IV Parallel Applications

11 Full-Scale Simulation of Cardiac Electrophysiology

on Parallel Computers

Xing Cai, Glenn Terje Lines .. .......coouuuiiiuniiiiiiienneninnens
11,1 Introducton ... vvveitrteiie ettt iiiiaenaaa e eeanans
11.2 The Mathematical Model .................cooiiiiiiiiiiininnn,
11.3 The Numerical Strategy .......c.ccveeeninnriiiireneenrnannns
11.4 A Parallel Electro-Cardiac Simulator ...........................
11.5 Some Techniques for Overhead Reduction.......................
11.6 Numerical EXperiments . .......ccouvuurmrenreereensannnnnnnns
11.7 Concluding Remarks. ..........oiniin i,
References

12 Developing a Geodynamics Simulator with PETSc

Matthew G. Knepley, Richard F. Katz, Barry Smith ......................
12.1 Geodynamics of SubductionZones.............ccooeiviiiiin...
12.2 Integrating PETSC . ..ottt ittt i e eiiieinnianrnens
12.3 Data Distribution and Linear Algebra...............ooovveint.
| e L -
12.5 Extensions

.................................................

12.6 Simulation Results .........oviiiiiiiiin it iraneenennns
ReferenCes . ..o vv i e

13 Parallel Lattice Boltzmann Methods for CFD Applications

Carolin Korner, Thomas Pohl, Ulrich Riide, Nils Thiirey, Thomas Zeiser .. ...
13.1 IntrodUuCtion . .....vevee ettt ee e s tenanenens
13.2 Basics of the Lattice Boltzmann Method ........................
13.3 General Implementation Aspects and Optimization of the Single

CPUPerformance ........ccvvvvvrr e iineninensneeeses

13.4 Parallelization of a Simple Full-Grid LBM Code .................
13.5 Free SUIfaces . ..ottt ittt ten e
13.6 Summary and OUtlook .........veevviveererrnrennernnneineens
References

......................................................

Color Figures

....................................................



	Page 1
	Page 2
	Page 3
	Page 4
	Page 5

