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Achievement of Linpack Performance of over 1 PFlops
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‘We report Linpack benchmark results on the TSUBAME 2.0 supercomputer,
a large scale heterogeneous system with Intel processors and > 4,000 NVIDIA
GPUs, operation of which has started in November 2010. The main part of
this system consists of about 1,400 compute nodes, each of which is equipped
with two CPUs and three GPUs. The nodes are connected via full bisection fat
tree network of Dual-Rail QDR InfiniBand. The theoretical peak performance
reaches 2.4 PFlops, 30 times larger than that of the predecessor TSUBAME 1.0,
while its power consumption is similar to TSUBAME 1.0. We conducted im-
provement and tuning of Linpack benchmark considering characteristics of large
scale systems with GPUs, and achieved Linpack performance of 1.192 PFlops.
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0 12,43

This is the first result that exceeds 1 PFlops in Japan, and ranked as 4th in the
latest Top500 supercomputer ranking. Also TSUBAME 2.0 has received “the
Greenest Production Supercomputer in the World” prize in Green500 ranking
for its performance power ratio of 958 MFlops/W.
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Fig.1 Overview of TSUBAME 2.0 system.
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Fig.4 (Left) A process grid with P X Q = 2 x 3 processes. (Right) Two dimensional block cyclic
distribution of N x N matrix on 6 processes.
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Table 1 Computation performance per node and internode communication performance of several
systems. Rough estimation of typical x86 clusters is also shown. For heterogeneous systems,

PCI communication performance between host and accelerators is also shown.
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Table 2 HPL parameters and the Linpack performance. In addition to ones used on TSUBAME

2.0, the table includes two cases on the predecessor system, TSUBAME 1.2; CPU-only

measurement and the whole measurement including all accelerators.

TSUBAME 1.2 (CPU)

TSUBAME 1.2

TSUBAME 2.0

Matrix size
Block size
Process mapping
# of processes (P X Q)
Panel factorization
NBMIN, NDIV
Panel broadcast
Look-ahead depth
Swap
L1 Matrix form
U Matrix form
Equilibration
Alignment

1,334,160
240
Row-major
36 x 144
Right-looking
4,2
Iring
1
Mix (threshold = 240)
transposed
transposed
yes
8 double words

1,059,839
1,152
Row-major
40 x 50
Right-looking
16, 2
Iring
1
Mix (threshold = 16)
no-transposed
no-transposed
yes
8 double words

2,490,368
1,024
Row-major
59 x 69
Right-looking
16, 2
Iring
1
Mix (threshold = 16)
no-transposed
no-transposed
no
8 double words

Linpack performance
Theoretical performance
Efficiency

38.18 TFlops
49.87 TFlops
76.6%

87.01 TFlops
163.2 TFlops
53.3%

1.192 PFlops
2.288 PFlops
52.1%
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Fig.7 Matrix multiplication performance on a M2050 GPU. The internal kernel by NVIDIA is
used. A (M x B) matrix and a (B X M) matrix are multiplied.
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Fig.8 Matrix multiplication performance on a M2050 GPU. CUBLAS is used. A (M x B) matrix
and a (B X M) matrix are multiplied.
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Fig.9 Linpack performance on TSUBAME 2.0 using 128 nodes or less. The vertical axis shows
performance per node.
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Fig.10 Analysed results of Linpack efficiency on TSUBAME 2.0, TSUBAME 1.2, TSUBAME 1.2
(CPU only).
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Fig.11 Total DGEMM performance of a single TSUBAME 2.0 node. The graph includes when three
GPUs are simultaneously used (GPU-only), when 12 CPU cores are used (CPU-only), and
both GPUs and CPUs are used (GPU+CPU).
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