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The TSUBAME 1.0 òSupercomputing Grid Clusteró
April 2006 at Tokyo Tech

80 TFlops, 1400 Users, 200 Industry Users

ClearSpeed CSX600

SIMD accelerator

360 boards, 

35TeraFlops(Current))

Storage

1.0 Petabyte (Sun ñThumperò)

0.1Petabyte (NEC iStore)

Lustre FS, NFS, WebDAV (over IP)

50GB/s aggregate I/O BW

500GB

48disks 500GB

48disks
500GB

48disks

Unified IB network

Sun Galaxy 4 (Opteron Dual 

core 8-socket)

10480core/655Nodes

21.4Terabytes

50.4TeraFlops

OS Linux (SuSE 9, 10)  

NAREGI Grid MW

Voltaire ISR9288 Infiniband 10Gbps 

x2  (DDR next ver.) 

~1310+50 Ports

~13.5Terabits/s (3Tbits bisection)

10Gbps+External 

Network

ñFastest 

Supercomputer in 

Asiaò 7th on the 27th

Top500@38.18TF
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Titech TSUBAME

~76 racks

350m2 floor area

1.2 MW (peak)
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Earth Simulator 

40TF (2002)

10PF

Japanese NLP 

>10PF (2012-1Q)

LANL Roadrunner 

(Jun2008)

BlueGene/L 

360TF(2005)

US >10P 

(2011~12?)

1.3TF

TSUBAME Upgrades Towards Petaflops

Sustained Acceleration

Titech Campus Grid 

Clusters
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Biggest Problem is Poweré

Machine CPU CoresWatts
Peak

GFLOPS

Peak

MFLOPS/

Watt

Watts/

CPU

Core

Ratio c.f.

TSUBAME

TSUBAME(Opteron) 10480 800,000 50,400 63.00 76.34

TSUBAME2006 (w/360CSs) 11,200 810,000 79,430 98.06 72.32

TSUBAME2007 (w/648CSs) 11,776 820,000 102,200 124.63 69.63 1.00

Earth Simulator 5120 6,000,000 40,000 6.67 1171.88 0.05

ASCI Purple (LLNL) 12240 6,000,000 77,824 12.97 490.20 0.10

AIST Supercluster (Opteron) 3188 522,240 14400 27.57 163.81 0.22

LLNL BG/L (rack) 2048 25,000 5734.4 229.38 12.21 1.84

Next Gen BG/P (rack) 4096 30,000 16384 546.13 7.32 4.38

TSUBAME 2.0 (2010Q3/4) 160,000 810,000 1,024,000 1264.20 5.06 10.14

TSUBAME 2.0  x24 improvement in 4.5 yearsé? Č ~ x1000 over 10 years



NVIDIA CUDA Architecture
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GDDR3 GDDR3 GDDR3 GDDR3 GDDR3 GDDR3

Streaming

Multi-processor

Streaming

Processor

MC MC MC MC MC MC

240 SPs / Chip (Tesla G200 GPU)

Great Relative Power/Performance 

Possibilities for Scientific Codes
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GPUs (Tesla, FireStream, Larrabee, ClearSpeed)

as Extreme Many -Core and Solution to This Problem

nVidia Tesla T10: 65nm, 600m2, 1.4 bil Tr

1.08TF SFP

Thread Processor 

Cluster (TPC)

Thread Processor

Thread Processor

Array (TPA)

x86 

16 cores

2.4Ghz

80GFlops

240 Cores

1.5Ghz

1.08TFlops SFP

90GFlops DFP 

102 

GBytes/s

4GB

20GBytes/s

32GB

PCI-e

Tesla Accelerator

ñMassive FMA FPUsò

ñPowerful Scalarò

65~55nm(2008) 

=> 15 nm (2016)

x20 transitors (30 bil)

5000 Cores

20TF FMA SFP

10TF FMA DFP



Overview of HPC - GPGPU Project
(sponsored by Microsoft Research)
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f(v)GPGPU

SIMD-Vector

Acceleration

f(x)
X86 Scalar

Scalar

Multi-Coref(x)

Coupled

HPC Acceleration

Advanced 

Bioinformatics/

Proteomics

Bioinformatics 

Acceleration

e.g., 3-D All-to-All 

Protein Docking

GPGPU-CPU

Hybrid Massively Parallel

ñAdaptiveò Solvers + 

GPGPU FFT and other 

Acceleration Kernels

- Improving GPGPU 

Programmability w/  

Library/Languages

e.g. MS Accelerator

- High Dependability w/ 

large-scale GPGPU Cluster

- CPU-GPU Heterogeneity

- Low Energy Computing 

w/GPUs

Towards Next Gen 

Petascale

Personal Clusters 

and Desksides

Prototype 

Cluster

32-64 nodes, 

50-100TFlops

Need x1000 

acceleration

over standard PCs


