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Preface 2

Domain decomposition, a form of divide and conquer for mathematical problems 3

posed over a physical domain, as in partial differential equations, is the most com- 4

mon paradigm for large-scale simulation on massively parallel distributed, hierarchi- 5

cal memory computers. In domain decomposition, a large problem is reduced to a 6

collection of (typically many) smaller problems, each of which is easier to solve com- 7

putationally than the undecomposed problem and most or all of which can be solved 8

independently and concurrently. Typically, it is necessary to iterate over the collec- 9

tion of smaller problems, and much of the theoretical interest in domain decomposi- 10

tion algorithms lies in ensuring that the number of iterations required is very small. 11

Indeed, the best domain decomposition methods share with their cousins, multigrid 12

methods, the property that the total computational work is linearly proportional to the 13

size of the input data or that the number of iterations required is at most logarithmic 14

in the number of degrees of freedom of individual subdomains. Algorithms whose 15

work requirements are linear in the size of the input data in this context are said to 16

be “optimal.” Optimal domain decomposition algorithms are now known for many,AQ1 17

but certainly not all, important classes of problems that arise from science and engi- 18

neering. Much of the practical interest in domain decomposition algorithms lies in 19

extending the classes of problems for which optimal algorithms are known. Domain 20

decomposition algorithms can be tailored to the properties of the physical system 21

as reflected in the mathematical operators, the number of processors available, and 22

even to specific architectural parameters, such as cache size and the ratio of memory 23

bandwidth to floating-point processing rate. 24

Since the first meeting was held in Paris in 1987, the International Conference 25

on Domain Decomposition Methods is the only regularly occurring international fo- 26

rum dedicated to interdisciplinary technical interactions between theoreticians and 27

practitioners working in the creation, analysis, software implementation, and appli- 28

cation of domain decomposition methods. The conferences have now been held in 29

12 countries in the Far East, Europe, the Middle East, and North America. To date, 30

there are essentially no real alternatives to domain decomposition as a strategy for 31

parallelization on petascale computers and beyond, with hundreds of thousands or 32

even millions of processor cores. Domain decomposition has proved to be an ideal 33
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paradigm not only for execution on advanced architecture computers but also for the 34

development of reusable, portable software. The most complex operation in a typical 35

domain decomposition method is the application of a preconditioner that carries out 36

in each subdomain step nearly identical to those required to apply a conventional pre- 37

conditioner to the global domain. Hence, software developed for the global problem 38

can readily be adapted to the local problem, instantly presenting wealth of “legacy” 39

scientific code to be harvested for parallel implementations. Furthermore, since the 40

majority of data sharing between subdomains in domain decomposition codes oc- 41

curs in two archetypal communication operations – ghost point updates in overlap- 42

ping zones between neighboring subdomains and global reduction operations, as in 43

forming an inner product – domain decomposition methods map readily onto opti- 44

mized, standardized message-passing environments, such as MPI. Finally, it should 45

be noted that domain decomposition is often a natural paradigm for the modeling 46

community. Physical systems are often decomposed into two or more contiguous 47

subdomains based on phenomenological considerations, such as the importance or 48

negligibility of viscosity or reactivity, or any other feature, and the subdomains are 49

discretized accordingly, as independent tasks. This physically based domain decom- 50

position may be mirrored in the software engineering of the corresponding code, and 51

leads to threads of execution that operate on contiguous subdomain blocks, which 52

can either be further subdivided or aggregated to the granularity of an available par- 53

allel computer, and have the correct topological and mathematical characteristics for 54

scalability. Much of the reputation of this conference series results from the close 55

interaction between experts in mathematics, computer science, and large-scale com- 56

putational science in various application areas. 57

This volume contains a selection of 83 papers presented at the 20th International 58

Conference on Domain Decomposition, DD20, hosted by the Center for Compu- 59

tational Mathematics at the University of California at San Diego, held at the San 60

Diego Supercomputer Center on the UCSD campus during the week of February 61

9–13, 2011. The conference featured 16 plenary lectures delivered by leaders in the 62

field, 18 minisymposiums, as well as contributed talks and a poster session. In ad- 63

dition, Olof Widlund gave an introductory short course on domain decomposition 64

on Sunday February 8 to a packed room of more than 40 participants in the Cen- 65

ter for Computational Mathematics, a short walk from the San Diego Supercom- 66

puter Center. Attending the regular conference during the week were 199 scientists 67

from 21 countries, giving a total of 173 presentations, which accentuates the inter- 68

national scope and relevance of this meeting. To add a unique local flavor to the 69

UCSD meeting, three special plenary talks were scheduled for Tuesday, given by 70

world-renowned local UCSD computational scientists in fields spanning computa- 71

tional chemistry to galaxy collision simulation. In addition to the scientific talks dur- 72

ing the day throughout the week, participants gathered for a poster session with wine 73

and cheese in the early evening on Monday, and the plenary speakers gathered for a 74

small dinner in Del Mar on Tuesday evening. The Scientific Committee met with the 75

local organizing committee and discussed plans for the next conference in the series 76

on Wednesday evening, aided by samplings from local San Diego microbreweries. 77
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The large conference banquet for all the participants was held in the UCSD Faculty 78

Club on Thursday evening, and the conference came to a close at noon on Friday. 79

For further information, we recommend the homepage of International Domain 80

Decomposition Conferences, www.ddm.org, maintained by Martin Gander. This 81

site features free online access to the proceedings of all previous DD conferences, 82

information about past and future meetings, as well as bibliographic and personal 83

information pertaining to domain decomposition. A bibliography with all previous 84

proceedings is provided below, along with some major review articles and mono- 85

graphs. (We apologize for unintentional omissions to our necessarily incomplete 86

list.) No attempts have been made to supplement this list with the larger and closely 87

related literature of multigrid and general iterative methods, except for the books by 88

Hackbusch and Saad, which have significant domain decomposition components. 89

The editors wish to thank all members of the International Scientific Committee 90

for Domain Decomposition Conferences, chaired by Ralf Kornhuber, for their help 91

in setting the scientific direction of this conference. We are also grateful to the orga- 92

nizers of the minisymposiums for shaping the profile of the scientific program and 93

attracting high-quality presentations. The local organizers were Randolph Bank and 94

Michael Holst, aided by Rob Falgout, David Keyes, Rich Lehoucq, and Jinchao Xu. 95

We gratefully acknowledge administrative assistance from the San Diego Computer 96

Center (SDSC) and the California Institute for Telecommunications and Information 97

Technology (CalIT2). 98

DD20 was financially supported by the National Science Foundation, the US 99

Department of Energy, Lawrence Livermore and Sandia National Laboratories, 100

SDSC, CalIT2, the National Biomedical Computation Resource, and the University 101

of California at San Diego. Finally, we would like to thank Martin Peters and Thanh- 102

Ha Le Thi of Springer for their friendly and efficient collaboration in the production 103

of this proceedings volume. 104

Randolph E. Bank 105

University of California, San Diego, USA 106

Michael J. Holst 107

University of California, San Diego, USA 108

Olof B. Widlund 109

Courant Institute, New York, USA 110

Jinchao Xu 111

Pennsylvania State University, USA 112

Proceedings from Prior Conferences in the DD Series 113

[DD01] Roland Glowinski, Gene H. Golub, Gérard A. Meurant, and Jacques 114

Périaux, editors. First International Symposium on Domain Decomposition 115

Methods for Partial Differential Equations. Society for Industrial and Applied 116

www.ddm.org
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Mathematics (SIAM), Philadelphia, PA, 1988. Proceedings of the symposium 117

held in Paris, France, January 7–9, 1987. 118

[DD02] Tony F. Chan, Roland Glowinski, Jacques Périaux, and Olof B. Widlund, 119

editors. Domain decomposition methods. Society for Industrial and Applied 120

Mathematics (SIAM), Philadelphia, PA, 1989. Proceedings of the Second In- 121

ternational Symposium held at the University of California, Los Angeles, Cal- 122

ifornia, January 14–16, 1988. 123

[DD03] Tony F. Chan, Roland Glowinski, Jacques Périaux, and Olof B. Widlund, 124

editors. Third International Symposium on Domain Decomposition Methods 125

for Partial Differential Equations. Society for Industrial and Applied Mathe- 126

matics (SIAM), Philadelphia, PA, 1990. Proceedings of the symposium held in 127

Houston, Texas, March 20–22, 1989. 128

[DD04] Roland Glowinski, Yuri A. Kuznetsov, Gérard Meurant, Jacques Périaux, 129

and Olof B. Widlund, editors. Fourth International Symposium on Domain De- 130

composition Methods for Partial Differential Equations. Society for Industrial 131

and Applied Mathematics (SIAM), Philadelphia, PA, 1991. Proceedings of the 132

symposium held in Moscow, USSR, May 21–25, 1990. 133

[DD05] David E. Keyes, Tony F. Chan, Gérard Meurant, Jeffrey S. Scroggs, and 134

Robert G. Voigt, editors. Fifth International Symposium on Domain Decom- 135

position Methods for Partial Differential Equations. Society for Industrial and 136

Applied Mathematics (SIAM), Philadelphia, PA, 1992. Proceedings of the sym- 137

posium held in Norfolk, Virginia, May 6–8, 1991. 138

[DD06] Alfio Quarteroni, Jacques Périaux, Yuri A. Kuznetsov, and Olof B. Widlund, 139

editors. Domain decomposition methods in science and engineering, volume 140

157 of Contemporary Mathematics. American Mathematical Society, Provi- 141

dence, RI, 1994. Proceedings of the Sixth International Conference on Domain 142

Decomposition held in Como, Italy, June 15–19, 1992. 143

[DD07] David E. Keyes and Jinchao Xu, editors. Domain decomposition methods 144

in scientific and engineering computing, volume 180 of Contemporary Math- 145

ematics. American Mathematical Society, Providence, RI, 1994. Proceedings 146

of the Seventh International Conference on Domain Decomposition held at the 147

Pennsylvania State University, University Park, Pennsylvania, October 27–30, 148

1993. 149

[DD08] Roland Glowinski, Jacques Périaux, Zhong-Ci Shi, and Olof Widlund, edi- 150

tors. Domain decomposition methods in sciences and engineering. John Wiley 151

& Sons Ltd., Chichester, 1997. Proceedings of the 8th International Conference 152

held in Beijing, China, May 16–20, 1995. 153

[DD09] Petter E. Bjørstad, Magne S. Espedal, and David E. Keyes, editors. Pro- 154

ceedings of the 9th International Conference on Domain Decomposition Meth- 155

ods in Bergen, Norway. DDM.org, Augsburg, 1996. Held in Bergen, Norway, 156

June 4–7, 1996. 157

[DD10] Jan Mandel, Charbel Farhat, and Xiao-Chuan Cai, editors. Domain decom- 158

position methods 10, volume 218 of Contemporary Mathematics. American 159

Mathematical Society, Providence, RI, 1998. Proceedings of the Tenth Interna- 160
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tional Conference on Domain Decomposition Methods held at the University 161

of Colorado, Boulder, Colorado, August 10–14, 1997. 162

[DD11] Choi-Hong Lai, Petter E. Bjørstad, Mark Cross, and Olof Widlund, edi- 163

tors. Eleventh International Conference on Domain Decomposition Methods. 164

DDM.org, Augsburg, 1999. Proceedings of the conference held at the Univer- 165

sity of Greenwich, London, UK, July 20–24, 1998. 166

[DD12] Tony Chan, Takashi Kako, Hideo Kawarada, and Olivier Pironneau, edi- 167

tors. Domain decomposition methods in sciences and engineering. DDM.org, 168

Augsburg, 2001. Proceedings of the 12th International Conference on Do- 169

main Decomposition Methods held at Chiba University, Chiba, Japan, October 170

25–29, 1999. 171

[DD13] Naima Debit, Marc Garbey, Ronald Hoppe, David Keyes, Yuri Kuznetsov, 172

and Jacques Périaux, editors. Domain decomposition methods in science and 173

engineering. Theory and Engineering Applications of Computational Meth- 174

ods. International Center for Numerical Methods in Engineering (CIMNE), 175

Barcelona, 2002. Papers from the 13th International Conference on Domain 176

Decomposition Methods held in Lyon, France, October 9–12, 2000. 177

[DD14] Ismael Herrera, David E. Keyes, Olof B. Widlund, and Robert Yates, ed- 178

itors. Domain decomposition methods in science and engineering. National 179

Autonomous University of Mexico (UNAM), México, 2003. Papers from the 180

14th International Conference on Domain Decomposition Methods held at the 181

Universidad Nacional Autónoma de México, Cocoyoc, January 6–12, 2002. 182

[DD15] Ralf Kornhuber, Ronald Hoppe, Jacques Périaux, Olivier Pironneau, Olof 183

Widlund, and Jinchao Xu, editors. Domain decomposition methods in science 184

and engineering, volume 40 of Lecture Notes in Computational Science and 185

Engineering. Springer-Verlag, Berlin, 2005. Papers from the 15th International 186

Conference on Domain Decomposition held at the Freie Universität Berlin, 187

Berlin, Germany, July 21–25, 2003. 188

[DD16] Olof B. Widlund and David E. Keyes, editors. Domain decomposition meth- 189

ods in science and engineering XVI, volume 55 of Lecture Notes in Compu- 190

tational Science and Engineering. Springer, Berlin, 2007. Papers from the 191

16th International Conference on Domain Decomposition Methods held in New 192

York, USA, January 11–15, 2005. 193

[DD17] Ulrich Langer, Marco Discacciati, David E. Keyes, Olof B. Widlund, and 194

Walter Zulehner, editors. Domain decomposition methods in science and 195

engineering XVII, volume 60 of Lecture Notes in Computational Science and 196

Engineering. Springer-Verlag, Berlin, 2008. Selected papers from the 17th 197

International Conference on Domain Decomposition Methods (DD17) held in 198

Strobl, Austria, July 3–7, 2006. 199

[DD18] Michel Bercovier, Martin J. Gander, Ralf Kornhuber, and Olof Widlund, 200

editors. Domain decomposition methods in science and engineering XVIII, vol- 201

ume 70 of Lecture Notes in Computational Science and Engineering. Springer- 202

Verlag, Berlin, 2009. Selected papers from the 18th International Conference 203

held at the Hebrew University of Jerusalem, Jerusalem, Israel, January 12–17, 204

2008. 205
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[DD19] Yunqing Huang, Ralf Kornhuber, Olof Widlund, and Jinchao Xu, editors. 206

Domain decomposition methods in science and engineering XIX, volume 78 207

of Lecture Notes in Computational Science and Engineering. Springer, 208

Heidelberg, 2011. Selected papers from the 19th International Conference held 209

in Zhanjiajie, China, August 17–21, 2009. 210
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