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How does i1t work?
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Test result

—— Direct 1
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e Similar model as
in Fujii et al.
2996

different random

seeds

e Results agree

well.

e Energy error:
dominated by the

parent galaxy.
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GRAPE-6 Intel Xeon 5590 IBM BG/P
Year 1999 2009 2007
Design rule 250nm 45nm 90nm
Clock 90MHz 3.3GHz 850MHz
Peak speed 32.4GF 53GF 13.6GF
Power 10W 130 W 15W?
Perf/W 3.24GF /W 0.4 GF/W 0.91GF/W
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GRAPE-DR cluster system




GRAPE-DR cluster system

128-node, 128-card system (105TF theoretical peak @ 400MHz)

Linpack measured: 24 Tflops@400MHz (still lots of tunings
necessary....)

Gravity code: 340Gflops/chip, working
Host computer: Intel Core i74+X58 chipset, 12GB memory

network: x4 DDR Infiniband
plan to expand to 384-node system RSIN. (Cables and switches...)



Performance and Tuning example

e HPL (LU-decomposition)
e Gravity

Based on the work by H. Koike (Thesis work)



LU-decomposition
DGEMM performance
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M=N, K=2048, 640 Gﬂc()ips N=K=2048, 450 Gflops
FASTEST single-chip and single-card performance on the planet!
(HD5870/5970 will be faster...)



DGEMM tuning

Key to high performance: Overlapping communication and Cal-
culation

e PE kernel calculates C(8,2)= A(32,8) * B(8,2)
e 512 PEs calculate C(256,2)= A(512,256)* B(512,2)
e Next B sent to chip while calculation

® Previous C sent to host while calculation

® Next A sent from host to GDR card while calculation

Everything other than the transfer of B from host
to GDR card is hidden.




LU-decomposition performance

/I

oo / ' Speed in Gflops as function of
wfp S * Matrix size
] LA 430 Gflops (54% of theoretical

1 1 1 1 1
5000 10000 15000 20000 25000 30000 35000 40000 45000 50000 55000
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LU-decomposition tuning

e Almost every known techniques

except for the concurrent use of CPU and GDR (we use

GDR for column factorization as well...)
right-looking form
TRSM converted to GEMM

use row-major order for fast O(IN?) operations

e Several other “new” techniques

Transpose matrix during recursive column decomposition

Use recursive scheme for TRSM (calculation of L~1)

3 weeks to develop the code from scratch



HPL (parallel LU) tuning

e Everything done for single-node LU-decomposition
e Both column- and row-wise communication hidden

e TRSM further modified: calculate UT ! instead of T U

e More or less working, tuning still necessary

Two months for coding and debugging so far.

N=30K, single node: 290Gflops
N=60K, 4 nodes: 1170 Gflops

(Super-linear because of partial hiding of panel factorization)



Gravity kernel performance

(Performance of individual timestep code not much different)
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N
Assembly code (which I wrote) is not very optimized yet... Should
reach at least 600 Gflops after rewrite.
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