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FLOPS  
(Floating point number operations per second)  

( )

Xbox 360 

1TFlops
PS3 

2TFlops

PSP 

9.6GFlops
PC (Core 2 Quad) 

102.4GFlops



Top 500
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(FLOPS)



2008Q4 ORNL/Cray XT5 “Jaguar” 
~180,000 AMD“Barcelona” Opteron 
CPU Cores, 1.64 Petaflops Peak, 
1.06 Petaflops Linpack 
~200 racks, ~580m2 floorspace 
362TB Memory, ~7MW Power,  
10 Petabytes HDD

2008 Q2 LANL/IBM “Roadrunner” 
12,240 IBM PowerXCell 
6120 AMD Dual Core Opterons 
> 100,000 Cell SPE Cores 
> 1.3 Petaflops Peak, ~1 Petaflop Linpack 
98TB Memory, 2.4MB Power 
278 racks, ~500m2 floorspace, 250 tons 
~100KM Infiniband 

2008 1



TSUBAME 
Sun Fire X4600 

Opteron 16 cores/node 
 655 nodes 

0.1PB  

Storage 

1.6PB  

Lustre Storage 

Voltaire ISR9288 Infiniband 

10Gbps x 1400 ports

Tesla S1070  

 170 

ClearSpeed CSX600 

SIMD accelerator  360 

159 TFlops (Peak) 

87.01 TFlops (Linpack) 

Top 500 41st machine 

TSUBAME 

TSUBAME 1.2

TSUBAME 1.1



TSUBAME Top500 
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 – I. Foster, The Anatomy 
of the Grid 
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LCG Grid

CERN LHC  

20 3000

 



 
Titech Grid(2002/3-2006/3) 

E-Science
( 13 ) 

800 PC
(Super TITANET)

E-Science

2



 (cont’d) 
Titech Grid(2002/3-2006/3) 

( ) 

GSIC Main Clusters 
(256 processers) x 2 systems 
in just 5 cabinets 

24-processor Satellite Systems @ 
12

Super SINET 
(10 Gbps MOE National 

Backbone Network) 
to other Grids 

Grid-wide Single System 
Image via Grid 
middleware: Globus, Ninf-
G, Condor, NWS, … 

Super 
TITANET 
(1-4Gbps) 

NEC Express 
5800 Series 
Blade Servers 

1300 processors, 2.5 
TFlops,  

15 and 4
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(2000 )   

VMWare, Xen, KVM 

x86 64bit CPU (2003 ) 

 

CPU (2005 ) 

1 VM
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 : Amazon Elastic Compute Cloud (EC2)

(resizeble )
 

 

CPU, RAM  

 

Web Service (SORP, REST) 

AWS Management Console 

EC2 Command Line Tool 

 

Linux or Windows 



 ( ) 

“.. 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 



 (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

Map

Map

Reduce

Reduce

<key1, val1>

<key2, val2>

<key1, val3>

<key1, val4>

<key2, val2>

Filter Aggregation

 



Hadoop

OSS inspired by Google projects 

GFS, MapReduce, etc. 

Software platform for MapReduce-based data-
intensive computing 

Hadoop MapReduce 

Hadoop Distributed Filesystem (HDFS) 

Google 
FileSystem

MapReduce
Hadoop 

MapReduce

Hadoop 
Distributed 
FileSystem 

Google SS Hadoop SS



Hadoop Configuration

node node node node

Task 
Tracker

node

Job 
Tracker

Job Job Job Job
submit

Task 
Tracker

Task 
Tracker

Task 
Tracker

Storage Storage Storage StorageHDFS

Name 
Node 

Data 
Node 

Data 
Node 

Data 
Node 

Data 
Node 

MapReduce
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GPGPU 
(General Purpose GPU)

GPU  

 : Nvidia 8800GTX/8800GTS/280GTX, Tesla 10p 

 

: (1TFlops) 

: : N  

: (> 100GFlops) 

 

FFT

  



TSUBAME 1.2 =>GPU

500GB 
48disks 

NEC SX-8i 

Voltaire ISR9288 Infiniband x8 
 10Gbps x2  ~1310+50 Ports 
~13.5Terabits/s 
(3Tbits bisection) 

10Gbps+External NW Sun x4600 (16 Opteron Cores) 
32~128 GBytes/Node 
10480core/655Nodes 

21.4TeraBytes 
50.4TeraFlops 

OS Linux (SuSE 9, 10)   
NAREGI Grid MW 

Unified Infiniband 
network 

ClearSpeed CSX600 
SIMD accelerator 
360    648 boards,  
35      52.2TeraFlops 

PCI-e 

Nvidia Tesla S1070: 170 , 680  
High Performance in Many BW-Intensive Apps 

10% power increase over TSUBAME 1.0 (130TF SFP / 80TF DFP) 

Storage 
1.5 Petabyte (Sun x4500 x 60) 
0.1Petabyte (NEC iStore) 

Lustre FS, NFS, CIF, WebDAV (over IP) 
60GB/s aggregate I/O BW 

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

~5TeraFlops 



 

680 Unit Tesla Installation… 
While TSUBAME in Production Service (!) 
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TSUBAME2.0 2010 6  
GPU-accelerated  Super Computer 
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1TF 

10TF 

100TF 

1PF 

2002 2006 2008 2010 2012 2004 

Earth Simulator 

40TF (2002) 

10PF 

Japanese NLP 

>10PF(2012) 

US/EU 

Petascales 

(Peak) 
(2008) 

US NSF/DoE  

(2010) 

BlueGene/L 

360TF(2005) 

US >10P  

(2011~12) 

1.3TF 

TSUBAME2.0  

KEK 59TF 

BG/L+SR11100 

Titech 

Campus Grid 


