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HITACHI SR16000/M1 Yayoi 1 4 32 1 1

GeoFEM 2

GeoFEM-Cube 3

1 HITACHI SR16000/M1 Yayoi 1

GeoFEM 4

Cube PGA

GFLOPS

memory-bound

OpenMP FORTRAN90 MPI

GeoFEM 2

SMP

MPI OpenMP

Hybrid OpenMP MPI

4 3 GeoFEM 2

Cube cc-NUMA
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HITACHI HA8000

T2K 1

.

GeoFEM-Cube

GeoFEM-Cube

SGS Symmetric 

Gauss-Seidel 4

Conjugate Gradient CG

SGS CG

1 3 1

GeoFEM

a CRS Compressed Row Storage b DJDS Descending order Jagged Diagonal Storage

2 GeoFEM-Cube CRS

SGS A ILU

4 GeoFEM

Multicoloring MC Reverse Cuthill-McKee RCM RCM

Cyclic cyclic multicoloring CM

CM-RCM 3

Flat MPI Hybrid

Hybrid Hybrid a×b HB a×b a MPI

OpenMP b MPI

MPI

GeoFEM

HITACHI SR16000/M1 T2K NUMA Non Uniform Memory Access

NUMA control

4 T2K NUMA control HITACHI 

SR16000/M1

export MEMORY_AFFINITY=MCM

CPU mpibind

GeoFEM-Cube Hybrid

First Touch Data Placement 5
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Sequential

3

4

3

 CASE-1 MC RCM CM-RCM

 CASE-2 First Touch Data Placement Flat MPI

 CASE-3 3 Flat MPI

3 Sequential Reordering
5 8

î

4 2,097,152 6,291,456 CM-RCM 10 CASE-3

1 4 32 × 32 SMT

Flat MPI HB 2×16 4×8 8×4 16×2 32×1 OpenMP

4 SGS CG GFLOPS

Flat MPI OpenMP

HB 32×1 50 5

HITACHI SR11000 J2 T2K CASE-3 4

Flat MPI

Hybrid 6

6 HITACHI SR16000/M1 1003 1,000,000 3,000,000

2563 16,777,216 50,331,648

RCM

OpenMP Flat MPI Hybrid

2563 Flat MPI HB 32×1

84%
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4 GeoFEM-Cube SGS CG GFLOPS HITACHI SR16000/M1 
1 4 32 2,097,152 1283 6,291,456 CM-RCM

10 CASE-3

a HITACHI SR11000 J2 4    b T2K

5 GeoFEM-Cube SGS CG GFLOPS 2,097,152 1283

6,291,456 CM-RCM 10 CASE-3 a HITACHI SR11000 J2 b
T2K

6 GeoFEM-Cube SGS CG GFLOPS HITACHI SR16000/M1 
1 4 32 1003 1,000,000 3,000,000 2563

16,777,216 50,331,648 RCM CASE-3 
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7 GeoFEM-Cube SGS CG GFLOPS CASE-1
3 HITACHI SR16000/M1 1 4 32 2,097,152 1283

6,291,456 CM-RCM 10

7 CASE-1 CASE-3

MPI HB 16×2 32×1

CASE-3

1 403 3×64,000 192,000 1

HITACHI SR11000/J2 HITACHI 

SR16000/M1 Yayoi HITACHI HA8000 T2K Fujitsu PRIMEHPC FX10

Oakleaf-FX Flat MPI

. SR11000/J2 Power 5+ SR16K/M1 Power 7

6.66 2.62

GeoFEM-Cube 3.83 12.9% 7.41%

SR16000/M1 Power 7 Oakleaf-FX SPARC64 IXfx Byte/Flop

SR16000/M1

1 GeoFEM-Cube 1 Flat MPI
403 3 64,000 192,000 HITACHI SR11000/J2 HITACHI SR16000/M1

Yayoi HITACHI HA8000 T2K Fujitsu PRIMEHPC FX10 Oakleaf-FX
HITACHI 

SR11000/J2 
HITACHI 

SR16000/M1 T2K Fujitsu FX10 
Oakleaf-FX 

Processor IBM Power 5+ 
2.3 GHz 

IBM Power 7 
3.83 GHz 

AMD Opteron 
8356 

2.3 GHz 

SPARC64 IXfx 
1.848 GHz 

Core #/Node  16 32 16 16 
Peak Performance (GFLOPS)  147.2 980.5 147.2 236.5 
STREAM Triad (GB/s)  101.0 264.2 20.0 64.7 
Byte/Flop  0.686 0.269 0.136 0.274 
GeoFEM-Cube (GFLOPS)  19.0 72.7 4.69 16.0 
% to Peak  12.9 7.41 3.18 6.77 
Last Level Cache/core (MB)  18.0 4.00 2.00 0.75 

ðòðð

îðòðð

ìðòðð

êðòðð

èðòðð

ÝßÍÛóï ÝßÍÛóî ÝßÍÛóí

ØÞ ðìÈðè ØÞ ðè ð̈ì
ØÞ ïê ð̈î ØÞ íî ð̈ï
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í

HITACHI SR16000/M1 Yayoi 1 4 32 GeoFEM

GeoFEM-Cube IBM Power 5+

HITACHI SR11000/J2 IBM Power 7 NUMA Non Uniform Memory Access

OpenMP Flat MPI

HITACHI SR16000/M1 Yayoi 8

GeoFEM-Cube memory-bound

1 Flat MPI

HITACHI SR11000/J2 HITACHI SR16000/M1 1

GeoFEM-Cube memory-bound

Fujitsu PRIMEHPC FX10 Oakleaf-FX

Memory-bound

Oakleaf-FX
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