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Dual-Core Intel® Itanium® 2 Processor
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MOORE'S LAW Intel* Itanium® 2 Processor
Intel® tanium® Processor
100,000,000

Intel’ Pentium® 4 Processor
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and beyond
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o 32—64b t T _9 &# Expandable shared r
1 > j‘ L3 cache ~ 17 . i
’ i‘ NS [ .
/ \ /r I\} :E I) IPC enhanced : X (i:nhancPdADLricrt
CPU cores A \ - Connect Architecture
ores - ‘M - and Northbridge
32B instruction fetch : ‘ St HT-3 links (Up to
® Nl OOGF I OPS Enhanced branch prediction I- 3 | 5 }'(’,l,kac}.
Out-of-order load execution Enhanced crossbar
Up to 4 DP FLOPS/cycle DDR2 with migration
® $200 $ ‘I OOO Dual 128-bit SSE dataflow path to DDR3
Dual 128-bit loads per cycle FBDIMM when

Bit Manipulation extensions (LZCNT/POPCNT) appropriate
(EXTRQ/INSERTQ, Enhanced power
MOVNTSD/MOVNTSS) management
Enhanced RAS

VIA Technwlogy Forum 2006
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TSUBAME 1.2
ETATHALZDI/INT ]

Voltaire ISR9288 Infiniband x8 ]
10Gbps x2 ~1310+50 Ports NEC SX-8i
~13.5Terabits/s
(3Tbits bisection)

w—| Storage

%%{ 1.5 Petabyte (Sun x4500 x 60)

(! 0.1Petabyte (NEC iStore)

Lustre FS, NFS, CIF, WebDAV (over IP)
aQGB/s aggregate 1/O0 BW

y MW

10Gbps+Externg o Sun x4600 (16 Opteron Cores)
Top50 Bl CE: 32~128 GBytes/Node

HEmEDI/ T 10480core/655Nodes

GCOE 21.4TeraBytes
HarpertdWh»eH (2006-2007'65) 50.4TeraFlops
90Nod WD 167 TFlops Peak 9, 10)

8.2TeraFlops .

REREERRERE @ O\ N gl <P e |l | D OERETTERY Ny 0 B

NEW: co-TSUBAR
72Node 586CPU (Low Power)

~5TeraFlops @

NVIDIA.

Nvidia Tesla S1070: 1705, #& 680h—K Y9
High Performance in Many BW-Intensive Apps N,
10% power increase over TSUBAME 1.0 (130TF SFP / 80TF DFP)




Frftl£<SPdo~N270v 7 X (10)

o KETFHYRXKTACC Ranger 2007 Nl 2Ny
- The largest x86 Linux Cluster \
~H50,000 x86 cores | -
- 4th (326 TFlops) June 2008 Y .\
(The 30th Topb00)
e K[ELos Alamos E L ZE AT RoadRunner:1z
DREZ7OYyTAIL L 2008
- The first Petaflop machine
- The first #1 machine to use IB
- The first #1 Linux machine

- The first #1 "heterogeneous”
SC (Cell and Opteron)
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ORNL/Cray XT5 "Jaguar”
~250,000 AMD"Istanbul” Opteron
CPU Cores, 2.3 Petaflops Peak, 1.8
Petaflops Linpack

~200 racks, ~580m2 floorspace
362TB Memory, ~7MW Power,

10 Petabytes HDD

> 1 Exaflops > 1 Billion cores
> 100 Petabytes in 2018

[ A,
<

o

EHE Jgal
Fujitsu Sparc VIII-fx “VenUs,,
~700,000 Cores, > 10 BeTRap:
( ?
R ;

Peak
1%

> 1PB Memory, ~20

> 1000 racks, FRE E &y
>100PB HDD
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/
TSUBAME2.0: A GPU-centric Green 2.4 Petaflops Supercomputer

Tsubame 2.0: "Tiny" footprint, very power efficient System
- Floorspace less than 200m? (2,100 ft2) (42 Racks)
P . ’ 1408 GPU Compute Nodes,
* Top-class power efficient machine on the Green 500 34 Nehalem "Fat Memory" Nodes

Rack
(8 Node Chassis)

m) HiEEs

Node Chassis

Compute Node (4 Compute Nodes)
_ (2 CPUs,3 GPUs)
Chip
(CPU ,GPU)
(intel, >
NVIDIA .

2.4 PFLOPS
80 TB

6.7 TFLOPS 53.6 TFLOPS

T 1.6 TFLOPS 220 GB/412 GB 1.7 TB/32TB

; N
CPUWestmere EP) GPUs(Tesla MAos0) > C0 103 GB
76.8 GFLOPS 515 GFLOPS

3GB Integrated by NEC Corporation




Highlights of TSUBAME 2.0
Design (Oct. 2010) w/NEC-HP

2.4 PF Next gen multi-core x86 + next gen GPGPU
» 1432 nodes, Intel Westmere/Nehalem EX

» 4224 NVIDIA Tesla (Fermi) M2050 GPUs

» ~100,000 total CPU and GPU “cores”, High Bandwidth g\

» 1.9 million "CUDA cores”, 32K x 4K = 130 million CUDA threads(!)
0.72 Petabyte/s aggregate mem BW,
» Effective 0.3-0.5 Bytes/Flop, restrained memory capacity (100TB)

Optical Dual-Rail IB-QDR BW, full bisection BW(Fat Tree)
» 200Tbits/s, Likely fastest in the world, still scalable

Flash/node, ~200TB (1PB in future), 6606B/s I/0 BW
» >7 PB IB attached HDDs, 15PB Total HFS incl. LTO tape

Low power & efficient cooling, comparable o TSUBAME 1.0
(~1IMW); PUE = 1.28 (60% better c.f. TSUBAME1)

Virtualization and Dynamic Provisioning of Windows HPC +
Linux, iob migration, etc.
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44 T30-4015

100TF )&%/4 TSt Lo
. TSug, =~ 2scn 1.7
Earth Simulator B.qM GB Up
ore | 4OTF (2002 3 % "0ge ‘(97' 0 , ”
— TF(7Q2 Q2008) 7" 76‘
Titech 006
Campus Grid ek 597TF
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The Top 500 (N FI—o % tERE, R2T7OVTX)
143i: 2.566 H[EIFLFEK Tianhe 1-A (11)
24iL: 1.758 : KEA—2") v EILWHZZFT Cray Jaguar (81)
36L: 1.271 - HEFEYIEILR /SOt 32— Dawning Nebulae (13)
447 : 1.192 : HA FE T X/HP/NEC TSUBAME2.0 (2) (Green500 rank)
5(if: 1.054 :KEO—L 2 A/N—FL—EILHAZFFT Cray Hopper (30)
64ir: 1.050 :{ACEAEILHFZTFT Bull Bullx (97)
T60: 1.042 - KEA—2") v EL ST IBM Roadrunner (16)
33GL(AA2MI): 0.1914: BAREFHIAEHFEHEE/E L@ (95 Te ’ ‘ ”
The Green 500 (R FI— B HMERE. AH 7Y T X /W) SOC\
1{3i2: 1684.20 : K[E IBM#ZLAT BlueGene/Q FERZA T (116)
241 : 958.35 : HA I X/HP/NEC TSUBAME2.0 (4)
343 : 933.06 : K [E NCSA Hybrid ClusterZEE&# (403) (Top500 rank)
Aff: 82867 : HA IEWF I (170)
5-7fi: 773.38 : KAV 1—1)wE K% IBM QPACE SFB TR (207-209)
10{s2( B A3{1): 636.36 : HA REERF (102)

111
~—

®
S00

SUPERCOMPUTER SITES

“Little Green 500” Tl TSUBAME2.0D EERIEM A
1.037 Gigaflops/W Z R (KMicrosoft& D 3 [ 7R)
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sponsored by

SUPERMICRe®

This certificate is in recognition of your organization’s achievemen
environmental impact of high-performance computin

ts in reducing the
ng.

GSIC Center, Tokyo Institute of Technology

Is recognized as the
Greenest Production Supercomputer in the World

on the world’s Green500 List of computer systems as of

A\

November 2010
Wu-chun Feng, Co-Chair C/ Kirk Cameron, Co-Chair
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Laptop: SONY Vaio type Z (VPCZ1)

CPU: Intel Core i7 620M (2.66GHz)

MEMORY: DDR3-1066 4GBx2

OS: Microsoft Windows 7 Ultimate 64bit

HPL: Intel(R) Optimized LINPACK Benchmark for
Windows (10.2.6.015)

256GB HDD

18.1 £AH109)7Av TR
369 AH(108)7AvY SR / Watt

6.6 5 {Z=&E
3BAET

<<

Supercomputer: TSUBAME 2.0

CPU: 2714 Intel Westmere 2.93 Ghz

GPU: 4071 nVidia Fermi M2050

MEMORY: DDR3-1333 80TB + GDDR5 12TB
OS: SuSE Linux 11 + Windows HPC Server R2
HPL: Tokyo Tech Heterogeneous HPL

11PB Hierarchical Storage

1.192 RE(10%)7Av TR
1037 AH108)7Ov TR / Watt
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Compressible equation taking consideration of sound waves.

Meso-scale

B, RAOER.
A IN—RF

_-— e o e e Ew o= o= owd

Copyright © Global Scientific Information and Computing Center, Tokyo Institute of Technology



Arl\/ri;ek'sc;scaler Atmosphere Model ASUCA x1000 - "

Horizontal 500m Resolution-« s
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Performance [TFlops]

FRT—-U>J

1TTERE

APrewous WRF Record on U.S. Do

.................................. SOTFLO PS (D FP)
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Mesh Method

B Navier-Stokes solver:Fractional Step
RFiE B Time integration:3rd TVD Runge-Kutta
#: SPH B Advection term:5th WENO
' B Diffusion term:4th FD

B Poisson: AMG-BiCGstab

B Surface tension: CSF model

B Surface capture: CLSVOF(THINC + Level-
Set)

Low accuracy
< 10° particles

High accuracy > 10% mesh points

Numerical noise and unphysical oscillation

Copyright © Global Scientific Information and Computing Center, Tokyo Institute of Technology
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Modern Day PC Architecture and Motherboard

NVIDIA nForce Socket AM2 DDR2 DIMM

590 SLI MCP Connector Memory
Northbridge Slots
—— Chipset

X oY 2P ¥

Back Panel __ | FDD
Connectors Header
PCle x16
ATX Power
Connector
] IDE
Header
PCI Express
SHots Serial ATA
eria
SATA Bus Headers

PCI Slots

IEEE 1394 USB 2.0
Header Headers

45
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OS73&
WeC 99
“Smart Rock”
Rene 11/00 Mica 1/02
Dot 9/01

Small

microcontroller
8 kB code
512 B data

Simple, low-power
radio
10 kbps ASK

EEPROM (32 KB)
Simple sensors

Demonstrate
scale

Designed for
experimentation

-sensor boards 512 kB Flash

-power boards

NEST open exp. Platform
128 kB code, 4 kB data

40kbps OOK/ASK radio

Commercial Off The Shelf Components (COTS) ¥ © /.

mMWHhSpuWTHDEE->CCTET7—FTIOF YN ERE

Telos 4/04
Robust
Low Power
250kbps
Easy to use
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