Contents

I Future Architectures

First Experiences with NECSX-9 . . ...... ... ... ... .. ... .. ...... 3
Hiroaki Kobayashi, Ryusuke Egawa, Hiroyuki Takizawa, Koki Okabe,
Akihiko Musa, Takashi Soga, and Yoichi Shimomura

1 Introduction . . ... ..ttt 3
2 System OVEIVIEW . ...ttt it 5
3 Performance Evaluation................ . ... .. ... .. 6
4 CoNCIUSIONS &« .« ettt e 9
References . ..o o it 10
Scalable Computing in a Hybrid System Architecture . ................ 13
Wilfried Oed
1 Introduction . . ... . 13
2 The Need for Scalability ........... ... ... ... 14
3 Processor Trends . ........ ... i 15
4 The Cray XT5y, Hybrid Supercomputer ....................... 17
5 The Cray Cascade Program ................ ... . ..ooi.. 19
6 CONCIUSION . « ..\ttt e 20
References . . ... ..o 20
Prerequisites for the Productive Usage of Hybrid Systems ............. 23
Danny Sternkopf and Martin Galle
1 Introduction .. ...... ...t e 23
2 HLRS System OVerview . .............ooiuuiineeneunnnna.. 24
3 SW Components for a Hybrid System ........................ 25
3.1 Batch System ......... ... i 26
32 Global Filesystem . ............cooiiiiiiniinenn . 27
33 MPL. . 30
4 ConCluSION . . ..ot 31
References . ..ot e 31

vii



viii Contents

II Multiscale and Multiphysics Simulations

Complex Numerical Simulations in Production Techniques ............ 35
A. Scheibe and E. Westkdmper
1 Problem Statement and Motivation........................... 35
2 Multi-Scale Modeling and Simulation of Manufacturing Systems . 36
2.1 Vision and Scientific Impact ........................ 36
2.2 Challenges, Theoretical Considerations and Definitions.. 37
3 A New Concept Towards a Comprehensive and Holistic Factory
SimulationModel ......... ... . ... . 38
3.1 Theoretical Aspects......... ..., 38

3.2 Vectorial Modelling and Simulation Approach Based
on Business/Organizational Parameters and Technical

TOlerances . ...........oouuiiiiie i 40
4 Complex Example in Automotive Coating Industry ............. 42
5 Conclusions and Future Work ............................... 44
References . ... ... 44

Multi-scale and Multi-physics Applications — User Requirements for

Future Applications ......... .. ... .. .. .. ... 45
Sabine P. Roller

1 Introduction . ... 45

2 A Glance at Past, Current and Future Simulation Applications . ... 46

3 Future Application Perspective ........................... ... 47

4 Examples .. ... o 48

4.1 Dynamic Coating Simulation. ....................... 48

4.2 Ocean WaterPlant. . ........ ... ... . ....... .. .... 48

4.3 Particle-loaden Flows ........... ... ... ... ... ... 49

4.4 Multi-scale Aero-acousticS. ... .......oveieennen.... 50

5 Future User Perspective .. ...t 51

6 Requirements, Architecture and Tools ........................ 52

References .. ... .o 52

IIT Grid Computing & Data Analysis

An Application of the NAREGI Grid Middleware to a Nationwide

Joint-Use Environment for Computing ............................. 55
Eisaku Sakane, Manabu Higashida, and Shinji Shimojo

1 Introduction........ ... 55

2 NAREGI Grid Middleware ............. ... ..., 56

3 Issues ... 57

31 Resource Provisioning ........... ... ... .. ... 58

3.2 Password / Passphrase Management . ................. 58

33 Issuance of Grid Certificate ......................... 58

34 Grid Operations . . . .....vvetitn i, 59

4 Application Method ........... . ... ... 59



Contents ix

5 Evaluation of Proposed Method .......................... ... 61
6 Cooperative Evaluation ................ .. ... i .. 62
7 Summary and future works ....... ... ... oo 63
References .. ... 63

Interoperation between Atomic Energy Grid Infrastructure (AEGIS)

and Other Grids ............ .. .. ... . . . 65
Yoshio Suzuki, Noriyuki Kushida, Naoya Teshima, Kohei Nakajima, Akemi
Nishida, and Norihiro Nakajima

1 Introduction . . ... ...t 65
2 History of Grid Computing Technology at CCSE............... 66
3 Atomic Energy Grid Infrastructure ........................... 68
4 Interoperability Technology based on Atomic Energy Grid
Infrastructure . . ... 69
5 Collaboration with the High Performance Computing Center
Stuttgart (HLRS) . ... ..o 72
6 Collaboration with Grid-TLSE Project Partners ................ 74
7 Collaboration with the U.S. Department of Energy Under the
Global Nuclear Energy Partnership .......................... 74
8 SUMMATY .. oo e 75
References .. ... ..o e 76
Parallel File Systems in European Grid Projects. .. ................... 79
Peter W. Haas and Michael M. Resch
1 Introduction . ... 79
2 The HLRS Framework . ....... ... ... ... i i, 80
2.1 Target . ..o 80
2.2 Organization ..............oeuurinneeiuninneeeenn. 80
2.3 HLRS Computer Configuration ...................... 80
3 Ex@Grid Framework .. ....... ... ... 81
3.1 Gauss Center for Supercomputing.................... 81
32 Ex@GridDesign . ......... ... o i i 81
4 Consolidation in the Datacenter ............................. 82
4.1 Datacenter Ethernet. ...................... ... ..... 82
4.2 IEEE 802.3ar: Congestion Management............... 82
5 Multicluster Parallel File Systems ........................... 83
5.1 Multicluster GPFSin DEISA . ...............oooain. 83
5.2 Network-centered parallel HSM systems .............. 83
53 Projected mass storage systemat HLRS . .............. 84
6 The Teraflop Workbench Concept................ ...t 84
6.1 Workflow Example ............ ... ... o i 85
6.2 Fenfloss ...... ..o i 85
6.3 Demonstration in the HLRS Cave . ................... 85
6.4 Virtual Tour of Kiebingen Water Power Plant .......... 86
7 CONCIUSION . .« ..ottt e e 86

References . ... 87



X

Contents

Development of Cognitive Methodology based Data Analysis System .... 89
Chiaki Kino, Yoshio Suzuki, Noriyuki Kushida, Akemi Nishida, Sachiko
Hayashi, and Norihiro Nakajima

1 Introduction . ...... ... . oo 89
2 The Basic Ideaof CDAS ....... .. ... . i, 91
2.1 Data Analysis Process.............. . ... ... ... 91
2.2 VVand DD Functions .............. ... oot 91
2.3 Synthesis Function ................ .. ... ... ..., 92
24 Evaluation and Judgment ........................... 92
3 System Configuration .. ...........iviiiniineineennna.n. 93
3.1 Flow of Data Analysisby CDAS . .................... 93
3.2 Implementation on a Grid Computing ................ 94
4 Result and Discussion ................oiiiiiiiiiiiii.. 94
5 Conclusions and Future Works ........... .. ... .. ... ..., 96
References .. ... ..o 97

IV Chemical Applications

3D-Flame Modelling in Power Plant Applications .................... 101
Benedetto Risio, Norbert Pamann, Friedhelm Wessel, Egbert Reinartz
1 Introduction . ...t 101
2 Flame modelling tool and computer hardware ................. 102
3 Neurath A/Bboilermodel ............. ... ... ... 104
4 Simulation results . ... e 105
5 SUMmMAry . ... 110
References . ..ot 110
Hierarchical Modeling of Combustion Processes ..................... 111
Ulrich Maas, Viatcheslav Bykov, Andriy Rybakov, and Rainer Stauch
1 Introduction . ........... oo e 111
2 Dynamics of Reacting Flows .. ......... ... ... .. oo, 112
3 Detailed Models ...t 114
3.1 Chemical kinetics ...............couiiiiiiinnnn.... 115
3.2 Chemistry-Turbulence Coupling ..................... 115
33 Modeling of Multi-Phase Processes .................. 116
4 Model Reduction ............coiiuiiiiiniiniiniineenn.. 118
4.1 Chemical Kinetics . ......... ..o, 119
4.2 Chemistry-Turbulence Interaction.................... 121
4.3 Multi-Phase Processes ..............coiviiiinin... 123
5 Coupling of the Sub-Models .............. ... ..., 123
6 SUMMATY ...t 125

References .. ... 126



Contents

Understanding Molecular Recognition and Self-Assembly from
Large-Scale Numerical Simulations ................................
Stephan Blankenburg and Wolf Gero Schmidt

1 Introduction . ........ ... it
2 Computational Method. ........... ... . ... . i i
3 Results and Discussion. .. ...,
4 ConClUSIONS . . . oottt e
References . ...
Large Scale Particle-in-cell Plasma Simulation . . . ................ ....
Seiji Ishiguro
1 Introduction . ........ ... e
2 Parallelization of 3D Particle-in-cell Code using High
Performance Fortran. .. ........ .. ... ... .. .. .. .. . ...
3 PIC Simulation of Blob Transport ...........................
4 ConClUSION . . ..ottt
References . ...
Multi-scale Modeling of Crack Propagation .........................
Mitsuhiro Itakura, Hideo Kaburaki, Masatake Yamaguchi, and Ken-ichi
Ebihara
1 Introduction . ........ ... ... .. . .
2 Multi-scale Model of SCC . ... ... .. i
2.1 Oxygen Embrittlement Mechanism...................
2.2 Mechanics Modeling of Crack Growth................
2.3 Oxygen Diffusion Modeling ........................
3 Simulation Detailsand Results . .............................
4 ConClUSIONS . . . o\ttt e e
References . ...

V Climate Modeling, Hydro- and Aerodynamics

The Climate Model ECHAMS on NECSX-8.........................
Stefan Borowski

1 Introduction .. ...... ... e

2 Runtime Analysis ......... ..o

3 OptMIZAtONS ... oottt et

3.1 Single CPU Optimizations . ..............couiveunn..

32 Scalability Optimizations ..............c.ovvuveen...

4 Performance Results.......... ... ... o i i

4.1 Single CPU Performance ...........................

42 Scalability ........ .. ...

5 CONCIUSIONS .« . vttt et e e e

References . ...

xi



Xii Contents
A Large Spectrum of Free Oceanic Oscillations ...................... 163
Malte Miiller
1 Introduction . .......... .. ... 163
2 State of Knowledge .......... ... i, 164
3 Free Oceanic Oscillation Model with Consideration of LSA . .. ... 165
3.1 Theory . ... 166
3.2 The Implicitly Restarted Arnoldi Method. ............. 167
3.3 The Parallelization with MPT .. ...................... 169
34 The Performance of the Model ...................... 169
4 Results . ... 170
4.1 Gravitational Modes .............. .. .. 171
4.2 Vorticity Modes . ...t 171
5 CoNCIUSION . . ..ottt e e 174
References . ... ..o 174
Direct Numerical Simulation of Controlled Shear Flows ............... 177
Markus J. Kloker, Tillmann A. Friederich, Jens Linn
1 Laminar-Flow-Control Case ..................ccoviiiinann... 177
1.1 Introduction ............ .. .. ... i 177
1.2 Numerical Model. ................................. 179
1.3 Secondary Instability and Control Setup............... 180
14 Control Results and Conclusions .. ................... 181
2 Effusion Cooling Case at <Mach 6.8> Flight Conditions . ....... 184
2.1 Introduction .......... ... ... 184
2.2 Numerical Model.............. ... ... ... ... ....... 184
2.3 Blowing Through Slits .................... ... ..... 185
24 Blowing Through Holes ............................ 188
3 Computational Aspects and Outlook ......................... 191
References . ...t 193
Fluid-Structure Interaction in Turbine Simulation . ................... 195
Felix Lippold and Albert Ruprecht
1 Introduction . .......... .. ... . . . . 195
2 Basic Equations. ... 196
3 Fluid-Structure Coupling .. ..., 200
4 Efficient Moving Mesh Scheme .......................... ... 201
5 Coupled Codes and Architecture. ...................cou.... 202
5.1 FENFLOSS — CFD on Vector Systems. . ............. 202
5.2 FSI Coupling with FENFLOSS on SX-8 .............. 203
6 von Karman Vortex Street ........... ... ... ... ..., 204
7 FSI Benchmark Application .............. ..., 206
8 Tidal Turbine Runner . ............ ... ... ... ... 209
8.1 Computational Model and Performance . .............. 210
8.2 Fluid-Structure Interaction Results ................... 210
9 SUMMAry . ..o 212

References .. ... 213



Contents
Heterogeneous Parallel Aero-Acoustics Using PACX-MPI ...........
Harald Klimach and Sabine Roller and Claus-Dieter Munz
1 The Aero-Acoustic Application ................. ...,
1.1 Structure of the Application .........................
1.2 Coupling Scheme ........... ...,
1.3 Parallelization ............ . ... ... i
2 PACX-MPI .. e
2.1 Communication Layout ............................
2.2 Heterogeneous Environment ........................
2.3 Starting an Application Using PACX-MPI.............
3 Heterogeneous Computations . ..................ooeuunnn....
4 CONCIUSION . .« ..\ttt e e
References . . ... ...

Meandering of Wing-Tip Vortices Interacting with a Cold Jet in the
Extended Wake .. ..... ... .. .. . .. ..
Frank T. Zurheide, Matthias Meinke, and Wolfgang Schroder

1
2
3

4
5
6

Introduction......... ... ..
Governing Equations ........... ... ... . . ... o i
Boundary Conditions . ............... oot
3.1 Experimental set-up ............... ... ...
32 Inflow boundary conditions .........................

Computational Resources ...................... ... ..
Conclusions . .. ... ii it

References . .....ooi i



2 Springer
http://www.springer.com/978-3-540-85868-3

High Performance Computing on Vector Systems 2008
Roller, 5.; Benkert, K.; Galle, M.; Bez, W.; Kobayashi, H.;
Hirayama, T. (Eds.)

2009, XM, 242 p. 148 illus., 96 illus. in color., Hardcowver
ISEM: 978-3-540-8B3868-3



