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Mantle-Core Dynamics & Plumes
Target 107 nodes Al '

i IC wave generation & propagation
Target : 101 nodes (Ah =20 m)



GeoFEM
ES

PC MPP SMP
o Alpha RIST
0 SR2201 CCSE
1,024PE
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SR8000 ES
ES

128
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Programming Models
for Earth Simulator

Each PE | Intra NODE | Inter NODE
E— F90 + OpenMP MPI Hybrid
) F90 MPI Flat MPI
HPF MPI
HPF




Hybrid Parallel / Vector

= Fortran90 C
= Inter-node : MP|
Q SPMD Single-Program Multiple-
Data
= Intra-node : OpenMP Pthread
Q
Q OpenMP

= Each PE Vectorization
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SPMD Programming Style

= Large

file handling - Local distributed data

= Fluid/structure analysis modules just consider

= Globa

ocal operation (element matrix assemble)

operation occurs only in linear solver.
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SMP

PDJDS/CM-RCM  PDCRS/CM-RCM CRS no re-ordering

short innermost loop
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GFLOPS
Hitachi-SR8000/SMP, Pseudo Vector
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MFLOPS
Compaqg Alpha 21164, 599MHz
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Elastic Analysis Benchmark

= Computational speed ( Fixed problem size

per node )

= 3.8 TFLOPS (176 nodes 33.7 % to peak, 2.2 GDOFs,
work ratio 95% )

= 10.4 TFLOPS (512 nodes 31.8 % to peak, 6.4 GDOFs)

max. number of nodes for users

= Parallel efficienc

o Compute 0.8 GDOF problem using 256 nodes
and 512 nodes, and estimate the parallel
efficiency by the Amdahl’s law

o Parallel efficiency = 84% when using 512 nodes
( parallelization ratio = 0.999955 )



GFLOPS
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Comparison with SR8000
GFLOPS rate

21.3 GFLOPS 169.4 GFLOPS

8 50,531,648 (18.5%) (33.1%)
42.4 GFLOPS 335.9 GFLOPS

16 100,663,296 (16,25 (32.8%)
335.2 GFLOPS 2611.8 GFLOPS

128 805,306,368 (16.2%) (31.9%)

SR8000/mpp

1.8 GFLOPS

8 GFLOPS

14.4 GFLOPS

64 GFLOPS

16 GB

16 GB

1,024

5,120

128

640

1.8 TFLOPS

40 TFLOPS

8 times faster




ES

Estimation of Computational Speed
of GeoFEM on the Earth Simulator

40 Tflops peek speed of ES

x 0.801 Inter-node parallel performance for 640 nodes, estimated
X 0.875 Intra-node parallel performance for 8 PEs, measured )
x 0.40 1PE vector performance, measured )

0.801 x0.875x0.4=0.28

11.2 Tflops

10.4 TFLOPS ( 512 nodes




Grid Computing Environments

. Test Bed on ApGrid @ Eaas

— PC-clusters on WAN, ~109-10! km, ~10hops
F32 (Xeon, AIST/GTRC) <« CA
OGT (Alpha, UT)
Skyraiders (P4, RIST)

e Test Bed on SuperSINET

— Supercomputers on fast network , ~102 km
SR8000-compact (UT) <« CA
SR8000-compact, Onyx300 (Hokkaido Univ.)
PrimePower (Kyushu Univ.) 18



‘'OGT’ Alpha21269, 667MHz

il 10nodes, 100baseTX 'F32" Xeon, 3.0GHz

2x64nodes
Giga bit Ether

i-lllll

UT, Tokyo AIST, Tsukuba
Internet

10 hOpS traceroute from OGT to F32
_ 9 hO S 1 0.535 ms
5 km E 2 0.534 ms
.I ~50 km 4 0.384 ms
) : ; 4 1.142 ms
i Skyraiders c 0.813 ms
P4, 2.5GHz 6 0.897 ms
=== 7 . 2.251 ms
0000 fAXyzrﬁn“ef;deS 5 3133 ms
9 - 2.997 ms
RIST, TO kyO 10 2.971 ms
11 3.516 ms
12 3.74%ms

13 2.901 ms



OS, Grid Middleware

e OS
— Redhat Linux 7.3 (F32, SKR)
— Kondara MNU/Linux (OGT)

e Grid Middleware

— Globus 2.2.2 MPICH does not catch up with ver 3.
— MPICH-G2 ( mpich-1.2.4)

Note :

Currently, to run MPI programs under the Globus service,
all the hosts need to have : 20



Applications considered in this study

e Target
— Parallel finite element analysis (FEA)
— Contains frequent communications
 Two Types of Applications
— Tightly connected application
Frequent communications among clusters
l.e. FEA for one domain
— Loosely connected application
Infrequent communications among clusters
e.g. Fluid-Structure Interaction
Steering/Tracking (Vis. and FEA)



Steering (FEA and Visualization)
on Cluster-of-Clusters

Entire Process (MPI_COMM W)

Simulation (MPI_COMM _YS) vis. (MPI_COMM _V)

Cluster A Cluster B

do i1ter= 1,
if (I-am-S) (do SEMm)
if (VIS) then

Loosely connected SPMD programs

Inside each program : Frequent communication
In between the two : Once every several time steps
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| FE modeling

Examples of conventiona
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( 30= symmetry )



. Large_Model

Tubesheet

1,053,906 nodes

949 512 elements




495-pin Micro-PGA package

7.8 M nodes, 7.6 M elements Sub-domain
Mises stress (PE #76)



ADVENTURE

http://adventure.q.t.u-tokyo.ac.jp
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HPC

PC SMP
way, 16-way, 256-way

Power, HP-RISC, Alpha/ltanium, Pentium, Vector PE
Grid
CPU
Grid portability
H/W
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= ===-HPC Middleware

Matrix Linear '
e Assemble  Solver Vis.

HPC-MW for Earth Simulator

Matrix Linear .
U Assemble  Solver Vis.

/o Matrix Linear Vis HPC-MW for Xeon Cluster
Assemble Solver '

HPC-MW for Hitachi SR8000
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Hitachi SR8000/128

8 PEs/1-SMP node

SMP
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Xeon & SR2201 = e
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PDJDS PDCRS CRS

Xeon: Speed UP
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