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Petascale Storage Total 7.13PB(Lustre + Accelerated NFS Home)

Node Interconnect: Optical, Full Bisection, Non-Blocking, Dual-Rail QDR 

Infiniband

Lustre Partition 5.93PB

SuperTitenet

Home NFS/

iSCSI

SuperSinet3

Tape System

Sun SL8500 8PB

OSS x20 MDS x10

MDS,OSS 

HP DL360 G6  30nodes

Storage

DDN SFA10000x5

(10 enclosures x5)

Lustre (5 Filesystems)

OSS: 20   OST:  5.9PB

MDS: 10  MDT:  30TB

x5

Voltaire Grid Director 4700  

IB QDR: 324ports

Core Switch Edge Switch Edge Switch(w/10GbE)

Voltaire Grid Director 4036 

IB QDR : 36 ports

Voltaire Grid Director 4036E

IB QDR:34ports

10GbE:  2ports

12 switches
6 switches

179 switches

Storage Server 

HP DL380 G6  4nodes

BlueArc Mercury 100 x2

Storage

DDN SFA10000  x1

10 enclosures x1

Mgmt Servers

ñThinò Nodes

1408nodes   

(32node x44 Racks)

NEW DESIGN Hewlett Packard CPU+GPU 

High BW Compute Nodes x 1408

Intel Westmere-EP  2.93GHz

(TB 3.196GHz 12Cores/node 

Mem:55.8GB(=52GiB)or 103GB(=96GiB)

GPU NVIDIA M2050 515GFlops, 

3GPUs/node

SSD  60GB x 2  120GB ͨ55.8GB node

120GB x 2 240GB ͨ103GB node

OS: Suse Linux Enterprise + Windows 

HPC

ñMediumò Nodes

HP 4Socket Server

24nodes 

CPU Nehalem-EX 2.0GHz                      

32Cores/node 

Mem:137GB(=128GiB)

SSD 120GB x 4   480GB

OS: Suse Linux 

Enterprise

ñFatò Nodes

HP 4Socket Server 10nodes

CPU Nehalem-EX 2.0GHz                   

32Core/node 

Mem:274GB(=256GiB)x8

549GB(=512GiB) x2

SSD 120GB x 4   480GB

OS: Suse Linux Enterprise

4224 NVIDIA ñFermiò GPUs

Memory Total 80.55TB

SSD Total 173.88TB

6.14TFLOPS 2.56TFLOPS
║║║║
║║

Compute Nodes 2.4PFlops(CPU+GPU)

224.69TFlops(CPU)

GSIC:NVIDIA Tesla S1070GPU (34  units) 

PCI ðE  gen2 x16  x2slot/node 

TSUBAME2.0 System Overview (2.4 Pflops/15PB)

NFS,CIFS x4
NFS,CIFS,iSCSI

Accelerationx2

24 nodes  10 nodes  
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TSUBAME 2.0: GPU Centric Nodes

IB QDR 

HCA

40Gbps IB

PCIe x8

2GB/s

IOH PCIe x16

4GB/s

1GB
GPU

DDR3

15-20GB STREAM

persocket

2GB/core

CPU ñCentricò

GDDR5

150GB STREAM

3 GB per socket

IOH

IB QDR 

HCA

40Gbps IB x n

PCIe x8

2GB/s x n

IB QDR 

HCA
Flash 200GB

400MB/s

GPU

Vector

ñThese are

Isomorphic

but much 

higher BWò

CPU Roles

- OS

- Services

- Irregular 

Sparse

- ñMixedò 

Algorithms

Core Dataset Core Dataset
Vector Parallel

IOH

CPU
54GB

Fat I/O

Total M2050 4224 GPUs

Total 1408 nodes
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GPU Applications 
of our group
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¸ Higher-order Compressible Flow

¸ Lattice Boltzmann for Pulmonary Airflow

¸ FDTD for Electromagnetic wave Propagation

¸ Large-Eddy Simulation for Turbulence Flow

¸ Real-time TSUNAMI Simulation

¸ Dendrite Solidification based on Phase Field 

Model

¸ Numerical Weather Prediction

¸ Two-Phase Flow Simulations
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Material Compound

m Scale

˃ƳScale

Meso-scale Analysis for Solidification Process



Copyright © Takayuki Aoki / Global Scientific Information and Computing Center, Tokyo Institute of 

Technology

GP GPU

Phase Field Model

ÅNon-equilibrium Statistical Physics

ÅPhase Field Model
ïIntroduction of index function

liquid        solid

ïdiffusive surface

ïstabilization of 

surface energy

ÅHigh computational cost of non-linear term

1

0

)(1 Solid

)(0 Liquid

0 1
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Phase Field Equation
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Second-order Finite Difference Method and 1st-order 
Euler Time Integration

Phase Field   0< 1
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Numerical Stencil Access

kji ,,19 points to solve kjiT ,,7 points to solve

1kz

kz

1kz

Phase Field Temperature T
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Thread Assignment

256nx

256ny

256nz
64nx

4ny

64nz

64.xblockDim

4.yblockDim

1.zblockDim

64 threads in the x-direction  for Coalaesed memory access
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Sweep of 1 thread in a block

Marching in the z-directional direction

Z-axis

64nx

4ny

64nz

64.xthreadDim

4.ythreadDim

1.zthreadDim
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Recycle of Shared Memory

1)  (nx+2)*(ny+2)x3

1kz

kz

1kz

2) z=k+1 read the data 
from the global 
memory

3) Stencil Computation

4) z=k-1 recycle
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Dependence on Parameters
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ʴ Ґ лΦмΣ !ҐлΦлмʴ Ґ лΦлтрΣ !ҐлΦлмʴ Ґ лΦлтрΣ !ҐлΦллр

ʴ Ґ лΦлмрΣ !ҐлΦлмʴ Ґ лΦлтрΣ !ҐлΦлмʴ Ґ лΦлмрΣ !ҐлΦлмΣ ɲǘ=half
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Multi-GPU Peformance
w/o overlapping
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Multi-GPU : Domain decomposition

x
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2D decomposition

Node 1
GPU

CPU
(2) CPU Ÿ CPU

(1) GPUŸCPU
(3) CPUŸGPU

PCI Express 

(cudaMemcpy)

MPI

Node 2


