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» fll: BT RTSUBAME

00 tgg075024 — ssh — 100x24

Last login: Thu Jul 23 00:37:04 on ttys@01
parla:~ h'i.tosh'i.s tsubame-gw
Last login: Thu Jul 23 00:37: 33 2009 from p@342d6.kngwnt@1.ap.so-net.ne.jp
/usi /XllR6/b n/xauth: error in locking authority file /home/usr9/hsato/.Xauthority
UsedFl 20090?22233025
MuxS e(GB) Used(GB)

Forwarding to NlGEIntrad: ue
Warning: No xauth data; ngfk uthentca'ton
/usr/X11R6/bin/xauth: error in locking authority

hsato@tggd75024 : /home4/us: r‘9/hsnto>
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» FLOPS
(Floating point number operations per second)
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TOPS00 List - June 2009 (1-100) | TOPSO0 Supercomputing Sites

¢ | [Qr 10p500

Intelligent Performance

Increasing your performance when and where you need it.

SUPERCOMPUTER SITES

PROJECT LISTS  STATISTICS RESOURCES NEWS dconTACT  [# suBMISSIONS  [FILINKS  (JHOME

Home » Lists » June 2009

TOPS500 List - June 2009 (1-100)

Rmax and Rpeak values are in TFlops. For more details about other fields, check the TOP500 description.
Power data in KW for entire system

next

DO MORE

Rank Site Computer/Year Vendor Cores Rmax Rpeak  Power

WITH LESS.

Roadrunner - BladeCenter Q522/L.521

DOE/NNSA/LANL Cluster, PowerXCell 8i 3.2 Ghz / Opteron DC
L United States 1.8 GHz, Voltaire Infiniband / 2008 120000, 1102,00. 1456.10: 24347
IBM
Oak Ridge National Laboratory Jaguar-Cray XT5 QC 2.3 GHz/2008
2 United States Cray Inc. 150152 1059.00 1381.40 6950.60
Forschungszentrum Juelich (FZJ)  JUGENE - Blue Gene/P Solution / 2009
3 Germany BM 294912 82550 100270 2268.00
o Plelades - SGI Altix ICE 8200EX, Xeon QC
4 s Research CenterNAS ;5 012 66 GHz /2008 51200 487.01 60883 2090.00 Innovation that
United States SGl
matters.
BlueGene/l - eServer Blue Gene Solution/
§  DOEMNSALENL 2007 212002 47820 59638 232960
IBM

National Institute for Computational Kraken XTS5 - Cray XT5 QC 2.3 GHz /2008

6 Sclences/University of Tennessee oo 66000 463.30 607.20
United States e
____________ T Argonne National Laboratory Blue Gene/P Solution / 2007 7
T United States B 163840 45861 557.06 1260.00
Texas Advanced Computing Ranger - SunBlade x6420, Opteron QC 2.3 2

8 Center/Univ. of Texas Ghz, Infiniband / 2008 62976 43320 579.38 2000.00 [ | X




2008 Q2 LANL/IBM “Roadrunner"” 2008Q4 ORNL/Cray XT5 "Jaguar”

12,240 IBM PowerXCell ~180,000 AMD"Barcelona” Opteron
6120 AMD Dual Core Opterons CPU Cores, 1.64 Petaflops Peak,
> 100,000 Cell SPE Cores 1.06 Petaflops Linpack

> 1.3 Petaflops Peak, ~1 Petaflop Linpack 200 packs, ~580m2 floorspace
98TB Memory, 2.4MB Power 362TB Men:\or'y, ~7TMW Powper-,

278 racks, ~500m2 floorspace, 250 tons
~100KM Infiniband 10 Petabytes HDD

2008FE(CIFLSHTINRA IOV ITRAZBR AL NEL




159 TFlops (Peak)
TS U BAM E 87.01 TFlops (Linpack)

Sun Fire X4600 Top 500 41st machine
Opteron 16 cores/node
X 655 nodes ClearSpeed CSX600

SIMD accelerator x 360

D

0.1PB

Storage Voltaire ISR9288 Infiniband

10Gbps x~1400 ports

1.o0PB
K"""TU'STT"@' Storage }JBAMElZ




TSUBAME & Topb500
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Jun06 | Nov06 | JunO7 | NovO7 | Jun0O8 | Nov0O8 | Jun 09
'|$ﬁg (7= | 38.18 | 47.38 | 48.88 56.43 67.70 | 77.48 | 87.01
JOvJRX)
ﬁﬁ%‘/ﬁ I 9 14 16 24 29 41
FHSVY | 1 1 1 1 3 2 4
(5% MR =2 -
u—aﬁﬁ;‘/’i) 10 _14 20 % i 7?_)
—— N £\ VD Opteron 1000
<= CS 360f——gilmmm CS 6481
<@=== Xeon 720=1>
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HRIDTopb5005 > 01>
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Titech Grid(2002/3-2006/3)
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BT AF /(R - JUw R (cont'd)
Titech Grid(2002/3-2006/3)
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»1300 processors, 2.5
TFlops,

»>15 95 X4 and 4ZI\°:I?: V

24-processor Satellite Systems @
HFHE (x12>RXAF L)

NEC Express
TITANET 5800 Series

(1-4Gbps) Blade Servers
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15 |
Grid-wide Single System 1 BZE GSIC Main Clusters
Image via Grid ==" (256 processers) X 2 systems*S SINET
I : Globus, Ninf- in i i uper
g 'g%lﬁgﬁre,\lwso us N In just 5 cabinets (10 Gbps MOE National

Backbone Network)
to other Grids
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800 CRM £—JbRA72—2X + Ky k3L - salesforce.com en 0
[ < ] > ] 12 hlm //www salesfor(e com/ml G] (Q'
= e ST =

Start

44 Gox M{IC app eng hitoshl.sato@gmall.com | My Account | Help | Sign out
1CC.CO!1 § (s
S xS 370 i '
Welcome to Google App Engine
| i Before getting started, you want to learn more about developing and deploying applications.
- s it Q. 3 8
eno Amazon Simple Storage Service (Amazon S3) Learn more about Google App Engine by reading the Getting Started Guide, the FAQ, or the Developer's Guide.
—
DE L+ I nnp //aws.amazon.com/s3/ ¢ jar co o) Create an Application )

; 800 Windows Azure Platform
[ <[> | [ + [EZnetp:/ www.microsoft.com/azure /default. mspx
i : : .

c‘] (Q'm

Contact Us an AWS Accoun!

yﬂbm* About AWS Products Solutions Resources Support Your Account

J amazon

eno Amazon Elastic Compute Cloud (Amazon EC2)

E[j]_[ o/ aws amazon.com/e2/ _ & J(a- coogl o) Windows'Azure’Platform

D L

Contact Us ) Create an AWS Account
services” About AWS Products Solutions Resources Support Your Account [: ’\l) erience ’ e \/\/”]dov\/) A/uy P[at Torm
e oo Home > Products > Amazon Elastic Compute Cloud (Amazon EC2) , Build new applications in the cloud - or ' For web developers
I use interoperable services that run on » F rporate developers

Amazon Elastic Compute Microsoft infrastructure to extend and e

Cloud (Amnon £C2) enhance your existing applications. You P For IS5Vs

Ar

3 choose what's right for you. » For systems Integrators

" Amazon Elastic Compute Cloud (Amazon EC2) 2

Service (Amazon 53) » For business

Amazon CloudFront

e Queue
n SQS.
" yM ; 4 Amazon Elastic Compute Cloud (Amazon EC2) is a web service that provides
i e resizable compute capacity in the cloud. It is designed to make web-scale
a0l computing easier for developers.
LINTImets & OAY ’ nents Explore Windows Azure Windows Azure for Developers Windows Azure
% On-Demand Workforce Amazon EC2's simple web service interface allows you to obtain and The Windows Azure Platform g “
s configure capacity with minimal friction. It provides you with complete s provides a wide range of
 Alacn Weki Satvioss control of your computing resources and lets you run on Amazon’s proven Hons L’;‘:;Eﬁ“ef;’-%ﬁs s n e
¢ Merchant Services computing environment. Amazon EC2 reduces the time required to obtain premises environments or the
and boot new server instances to minutes, allowing you to quickly scale internet.

capacity, both up and down, as your computing requirements change.
Amazon EC2 changes the economics of computing by allowing you to pay
only for capacity that you actually use. Amazon EC2 provides developers the

t Arrived! tools to build fallure resilient applications and isolate themselves from
common fallure scenarios.

© 2008 Microsoft Corporation. All rights reserved. Terms of Use | Trademarks | Privacy Statement

Amazon EC2 Running 18M

nix € ,l amic Serve bjects you can
1 Content Manager, and This page contains the following categories of information. Click to jump down: .
“; m‘“ Amazon EC2 Functionality Pricing E
Service Highlights Resources
Features Detailed Description
Instance Types Intended Usage and Restrictions
Running Databases on Operating Systems and Software

lAmazon EC2 | Z




5451 : Amazon Elastic Compute Cloud (EC2)
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» IEERE
» CPU, RAMD%ge, = EFAEREICILU CERE

» IBRRIBEE A > — T 1T —XICKDEEED]
» Web Service (SORP, REST)
» AWS Management Console
» EC2 Command Line Tool

» MBEDIRIENS A A -2 50 Usbigit

» Linux or Windows
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» “.. style of computing in which dynamically scalable
and often virtualized resources are provided as a
service over the Internet” - Wikipedia

» “Clouds are hardware-based services offering
compute, network and storage capacity where:
Hardware management is highly abstracted from the
buyer, Buyers incur infrastructure costs as variable
OPEX, and Infrastructure capacity is highly elastic” -
McKinsey & Co. Report: ‘“Clearing the Air on Cloud
Computing



EF (cont'd)

» Cloud computing has the following characteristics:
(1) The illusion of infinite computing resources..., (2)
The elimination of an up-front commitment by Cloud

users ..., (3) The ability to pay for use ... as needed
" - UC Berkeley RAD Labs

» “... a pay-per-use model for enabling available,
convenient, on-demand network access to a shared
pool of configurable computing resources (e.g.
networks, servers, storage, applications, services)
that can be rapidly provisioned and released with
minimal management effort or service provider
interaction.” - National Institute of Standards and
Technology (NIST)
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» MapReduce

» Programming model for data-intensive computing

» Map

processes a key/value pair to generate a set of intermediate

key/value pairs
» Reduce

merges all intermediate values associated with the same

intermediate key

Map =~

Vs
<keyl, vall>

/ ~
// /' Map ¥ \4\
¢/ 7 <key?, vaI2>//
e
.2 _.w Map !

/

4 <keyl, vald> N
~ \
-‘[ Reduce }\\ N

<keyl, val3>

Filter

A

« 0
‘{ Reduce }\

<key2, val2> &

)
Aggregation

D x I, BASELE

AV



» OSS inspired by Google projects
» GFS, MapReduce, etc.

» Software platform for MapReduce-based data-
intensive computing
» Hadoop MapReduce
» Hadoop Distributed Filesystem (HDFS)

——————————————————————————————————

'/ ‘\ '/ \\
I |
: : ! Hadoop l
MapReduce
: P : : MapReduce :
l I I |
I I | |
| l ' Hadoop '
: | Google : : Distributed :
| FileSystem , ! FileSystem !
\
\\//l """"""" : \\ """"""""""""""""""""""""""""""""""""""" ,/l

77" Google SS 777 777 Hadoop SS "7~



Hadoop Configuration

[ g s A . A 2

|
MapReduce I_{ Job ] [ Task ] [ Task ] [ Task ][ Task
[ _Tracker Tracker Tracker Tracker Tracker

P S —— m
. /7
submit R4 2

node nolde | | :
Name | | Deﬁa B‘ata | B‘ata | B’ata
Node [ ™ Node ™ Node - Node - Node
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P
Machi CPU Cores Watts | ooF A:I:ll_(OPS Warts/
acnine ores arTs

6FLOPS cPU

A\Watt..
TSUBAME(Opteron) 10480 800000 50400 63 76.336
TSUBAME(w/ClearSpec 11,200 810000 85000 10494 72.321
Earth Simulator 5120 6,000,000 40,000 67 11719
ASCT Purple (LLNL) 12240 6000000 77824 12.971: 490.2
AIST Supercluster 3188 522,240 14400 27.574 | 16381
LLNL B6/L (rack) 2048 25000 57344 229.38. 12.207
Next Gen BG/P (rack) 4096 30000 16384 54613 7.3242
TSUBAMEN + 6 ................ ‘V
(2010) Xt men 40000 800000 1000006 1250 20

NRAJTOvY T R(CIESEI0EBU LB EHAwmE



GPGPU
(General Purpose GPU)

» GPUDRIZIAMIETEADIG
» 451l : Nvidia 8800GTX/8800GTS/280GTX Tesla 10p
» TN
» BWLE—2T14EE: (1TFlops)
EHEARBECELTS: Fi: NAARIE
y WA EUJN RIE: (> 100GFlops)
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TSUBAME 1.2\ ﬂS >GPUODuit%ﬁE|’JL_7J|]

Storage
Voltaire ISR9288 Infiniband x8 __“ 1.5 Petabyte (Sun x4500 x 60)
10Gbps x2 ~1310+50 Ports NEC SX-8i — - 0.1Petabyte (NEC iStore)
~13.5Terabits/s 1 500GB Lustre FS, NFS, CIF. WebDAV (over IP)
(3Thits bisection) : 48disks

60GB/s aggregate 1/0 BW

Sun x4600 (16 Opteron Cores)
32~128 GBytes/Node
10480core/655Nodes

10Gbps+Extern
nified |

network

GCOE TSt a*'»% ~900TFIops-SFP, éé.jTreraE?lteS
X ~ - . ATeraFlops
,J"/')Q'r }JU 170TFlops-DFP Linux (SuSE 9, 10)
8.2TeraFlops 6 80TB/S Mem BW (X2 ES) NAREGI Grid MW

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

~5TeraFlops Clear peed CSX600

SIMD accelerator
360 648 boards,
35 52.2TeraFlops

@

nNViDIA

Nvidia Tesla S1070: 1708, #5t 680h—R
High-Performance-in-Many BW-Intensive Apps-—
10% power increase over TSUBAME 1.0 (130TF SFP / 80TF DFP)



680 Unit Tesla Installation..

While TSUBAME in Production Service (1)
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TSUBAME1.2(C&FBLinpackEfe EHEE

100% -

90% -

80% -

70% -

60% ——

[ |

50% 7 52254 TeSIa.
ClearSpeed

40% - EXeon

E Opteron
30% -
20% -
10% -
0% -

DP-peak (TF) Linpack (TF) power (kW)
————————————————————— Jotal163.2TF------------------Total87-0TF------------------Total- 1092kW - - --------------- -~
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O >= 40TFLOPS
A 10TFLOPS - 40TFLOPS
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