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•• Information in this document is provided in connection with InteInformation in this document is provided in connection with Intel products. No license, express or implied, l products. No license, express or implied, 
by by estoppelestoppel or otherwise, to any intellectual property rights is granted byor otherwise, to any intellectual property rights is granted by this document. Except as this document. Except as 
provided in Intel's Terms and Conditions of Sale for such producprovided in Intel's Terms and Conditions of Sale for such products, Intel assumes no liability whatsoever, ts, Intel assumes no liability whatsoever, 
and Intel disclaims any express or implied warranty, relating toand Intel disclaims any express or implied warranty, relating to sale and/or use of Intel products including sale and/or use of Intel products including 
liability or warranties relating to fitness for a particular purliability or warranties relating to fitness for a particular purpose, merchantability, or infringement of any pose, merchantability, or infringement of any 
patent, copyright or other intellectual property right. Intel prpatent, copyright or other intellectual property right. Intel products are not intended for use in medical, life oducts are not intended for use in medical, life 
saving, or life sustaining applications. Intel may make changes saving, or life sustaining applications. Intel may make changes to specifications and product descriptions to specifications and product descriptions 
at any time, without noticeat any time, without notice

•• Designers must not rely on the absence or characteristics of anyDesigners must not rely on the absence or characteristics of any features or instructions marked features or instructions marked 
" reserved"  or "undefined."  Intel reserves these for future defin" reserved"  or "undefined."  Intel reserves these for future definition and shall have no responsibility ition and shall have no responsibility 
whatsoever for conflicts or incompatibilities arising from futurwhatsoever for conflicts or incompatibilities arising from future changes to them.e changes to them.

•• This document contains information on products in the design phaThis document contains information on products in the design phase of development. The information here se of development. The information here 
is subject to change without notice. Do not finalize a design wiis subject to change without notice. Do not finalize a design with this information.th this information.

•• IntelIntel®® Pentium 4, Prescott, Prestonia, Nocona, Jayhawk, Potomac, and TPentium 4, Prescott, Prestonia, Nocona, Jayhawk, Potomac, and Tulsa processors may contain ulsa processors may contain 
design defects or errors known as errata which may cause the prodesign defects or errors known as errata which may cause the product to deviate from published duct to deviate from published 
specifications. Current characterized errata are available on respecifications. Current characterized errata are available on request.quest.

•• Contact your local Intel sales office or your distributor to obtContact your local Intel sales office or your distributor to obtain the latest specifications and before placing ain the latest specifications and before placing 
your product order.your product order.

•• Copies of documents which have an order number and are referenceCopies of documents which have an order number and are referenced in this document, or other Intel d in this document, or other Intel 
literature, may be obtained by calling 1literature, may be obtained by calling 1--800800--548548--4725, or by visiting Intel's website at 4725, or by visiting Intel's website at 
<<http://http://www.intel.comwww.intel.com>>..

•• Copyright Copyright �� 2004, Intel Corporation . Intel is a trademark or registered tr2004, Intel Corporation . Intel is a trademark or registered trademark of Intel Corporation or its ademark of Intel Corporation or its 
subsidiaries in the United States and other countries. subsidiaries in the United States and other countries. 

•• *Other brands and names may be claimed as the property of others*Other brands and names may be claimed as the property of others..
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•• Intel in HPCIntel in HPC

•• Intel Software ToolsIntel Software Tools

•• Intel in Grid ComputingIntel in Grid Computing
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Intel 
Scientific 
Founded

Intel Intel 
Scientific Scientific 
FoundedFounded

iPSC/1iPSC/1iPSC/1

iPSC/860: Wins
Gordon Bell prize
iPSC/860: WinsiPSC/860: Wins

Gordon Bell prizeGordon Bell prize

Delta: World’s 
fastest computer

Delta: World’s Delta: World’s 
fastest computerfastest computer

Paragon: Breaks
Delta records

Paragon: BreaksParagon: Breaks
Delta recordsDelta records

ASCI Red: 
World’s First TFLOP

ASCI Red: ASCI Red: 
World’s First TFLOPWorld’s First TFLOP

Paragon

ASCI Red upgrade: 
Regains title as world’s 

fastest computer

ASCI Red upgrade: ASCI Red upgrade: 
Regains title as world’s Regains title as world’s 

fastest computerfastest computer

198519851985 199019901990 199519951995 200020002000

iPSC/2iPSC/2iPSC/2 NSF TeraGrid

(20 TFLOPS

and ~3300 IPF)

NSF TeraGridNSF TeraGrid

(20 TFLOPS(20 TFLOPS

and ~3300 IPF)and ~3300 IPF)
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““30 gigahertz devices, 10 nanometer or less delivering 30 gigahertz devices, 10 nanometer or less delivering 
a a teratera instruction of performance by 2010instruction of performance by 2010”(1)”(1)
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•• Moore’s Law is 40 years old!!Moore’s Law is 40 years old!!
•• Previous foil is 3 years oldPrevious foil is 3 years old

–– Transistor projection still looks goodTransistor projection still looks good
–– Frequency projection is Frequency projection is NOTNOT
–– There are several problems, but one of them is that the time There are several problems, but one of them is that the time 

to cross the chip doesn’t change much.to cross the chip doesn’t change much.

•• How to use the transistors?How to use the transistors?
•• More cacheMore cache

–– Next Itanium will have 24 MB of cacheNext Itanium will have 24 MB of cache

•• MulticoreMulticore
–– Dual core everywhereDual core everywhere
–– Expect number of cores to follow Moore’s LawExpect number of cores to follow Moore’s Law

•• Requires MAJOR shift in software architecture to Requires MAJOR shift in software architecture to 
effectively use many threadseffectively use many threads

*Other brands and names are the property of their respective owners
© Copyright 2005 Intel Corporation. All Rights Reserved.
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•• MulticoreMulticore (almost) everywhere(almost) everywhere

•• Virtualization TechnologyVirtualization Technology

•• Power management featuresPower management features

•• Active Management TechnologyActive Management Technology

•• Reliability features (mapping out bad cache Reliability features (mapping out bad cache 
lines)lines)

•• Security features (Security features (NxNx bit and others)bit and others)

•• Fully Buffered Fully Buffered DIMMsDIMMs
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Single CoreSingle Core
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Over 2XOver 2X
PERFORMANCEPERFORMANCE****

Up to 3.5XUp to 3.5X
PERFORMANCE/ PERFORMANCE/ 

WATTWATT****

With Intel Next Generation Micro-architecture

1H1H’’0606

Intel Next Generation Intel Next Generation 
MicroMicro--architecture architecture 
based platformbased platform

Example: ServerExample: Server
6464--bit Intel® Xeon™ Processor Roadmapbit Intel® Xeon™ Processor Roadmap

*Graphics not representative of actual die photo or relative size

** vs. 64bit  Intel® Xeon™ Processor based platform (as of May ’05)  SpecInt rate on DP System

*Other brands and names are the property of their respective owners
© Copyright 2005 Intel Corporation. All Rights Reserved.

>70% Dual Core

>70% Dual Core

>85% Dual / Multi-Core

� � � � �� � � � �%%&� � � �$ ! � � �  � � � �& � � � �$ ! � � �  � � � �

All products and dates are preliminary and subject to change without notice. *Data is run-rate exiting the year 

Desktop 
Performance

Server

Mobile
Performance 

Intel® dual core volume exiting 2006*

Bringing Parallelism to Everyone

Intel® Single core to Multi-core shipments

20052005 20062006 20072007

Mobile clientMobile client

Desktop ClientDesktop Client

Server & WorkstationServer & Workstation

17 Multi17 Multi --Core Core 
CPU projectsCPU projects
(2 in production)(2 in production)

www.intel.com/go/multi-core
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Single Single 
CoreCore

MultiMulti --Core    Core    
(>=2 cores)(>=2 cores)
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�� 
 �� �	 
�� 
 �

ItaniumItanium®®
processorprocessor ItaniumItanium®® 2 Processor2 Processor Montecito           MontvaleMontecito           Montvale

Tukwila PoulsonTukwila Poulson

Desktop Desktop 
ClientClient PentiumPentium

�

� �

�
�

� �

�

4 4 
processorprocessor

Cedar MillCedar MillPentiumPentium®® 4 4 
processorprocessor

PreslerPresler
PentiumPentium®® D ProcessorD Processor

PentiumPentium®® Processor Processor 
Extreme EditionExtreme Edition Conroe Conroe 

Mobile Mobile 
ClientClient PentiumPentium®® M processorM processor

YonahYonah

MeromMeromYonahYonah

MultiMulti --Core Core 
(>=4cores)(>=4cores)All products and dates are preliminary and 

subject to change without notice.

Tukwila PoulsonTukwila Poulson

6464--bit Intelbit Intel®® XeonXeon™™ processor processor 
MPMP

MP ServerMP Server

DP Server / DP Server / 
WSWS

PaxvilleMP            Tulsa PaxvilleMP            Tulsa 

DempseyDempsey6464--bit Intelbit Intel®® XeonXeon™™ Processor Processor 
w/ 2MB cachew/ 2MB cache WoodcrestWoodcrest

PaxvilleDPPaxvilleDP

WhitefieldWhitefield

SossamanSossaman

Refer to ‘fact sheet’ for 
specific product  timings

DimonaDimona

today
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•• 2/32/3rdrd of the top 500 (333) platforms are now based on Intel of the top 500 (333) platforms are now based on Intel 
architecturearchitecture

–– Twice as prevalent as every other architecture combined.Twice as prevalent as every other architecture combined.
•• Intel Xeon based platforms account for just over half of all of Intel Xeon based platforms account for just over half of all of the the 

Top 500 deploymentsTop 500 deployments
–– Intel ItaniumIntel Itanium®® based systems are the second most prolific based systems are the second most prolific 

•• >15% year on year growth for Intel architecture>15% year on year growth for Intel architecture
–– 30% year on year growth for Itanium based platforms30% year on year growth for Itanium based platforms
–– Vector and RISC based platforms continue to lose ground to COTS Vector and RISC based platforms continue to lose ground to COTS 

based platforms.based platforms.
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Intel leads with 333 total systems and 254 Intel leads with 333 total systems and 254 
XeonXeon™™ based systems in the top 500based systems in the top 500
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•• List is very dynamicList is very dynamic

•• Half life is about 8 monthsHalf life is about 8 months
–– 500th500th PerfPerf PreviousListPreviousList

–– 6/056/05 1.166TF1.166TF 299299

–– 11/0411/04 850Gf850Gf 310310

–– 6/046/04 624Gf 624Gf 243243

–– 11/0311/03 403Gf403Gf 290290

•• 60% of the list are clusters60% of the list are clusters

*Other brands and names are the property of their respective owners
© Copyright 2005 Intel Corporation. All Rights Reserved.
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Intel, Itanium and the Intel logo are trademarks or registered trademarks of Intel 
Corporation or its subsidiaries in the United States or other countries.

Delivering Record breaking computers
In record breaking time

Delivering Record breaking computers
In record breaking time
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10,240 Itanium processors (20 x 512P)10,240 Itanium processors (20 x 512P)

Built, installed, and operational on NASA 
Ames site in < 6 months, ~10X faster over 

proprietary supercomputers of its size

Built, installed, and operational on NASA Built, installed, and operational on NASA 
Ames site in < 6 months, ~10X faster over Ames site in < 6 months, ~10X faster over 

proprietary supercomputers of its sizeproprietary supercomputers of its size
> 60 TFLOPS 

> 60 TFLOPS (peak)
(peak) !!!!

“ The system will be built and integrated over 
the next 15 weeks (or 3 months). The first two 
nodes, in fact, were integrated June 28-30 and 
became operational in early July. This initial 
build doubled the current capacity at NASA 
Ames.”
- NASA Press Release July 27, 2004

Deployed in record-
breaking time

Deployed in recordDeployed in record--
breaking timebreaking time
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19.94 teraflops (RMAX)Record efficiency 86.9%

Lawrence Livermore National Laboratory
THUNDERTHUNDER

4096 Itanium processors (4 x 1024)

*Other brands and names are the property of their respective owners
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•• Intel in HPCIntel in HPC

•• Intel Software ToolsIntel Software Tools

•• Intel in Grid ComputingIntel in Grid Computing

*Other brands and names are the property of their respective owners
© Copyright 2005 Intel Corporation. All Rights Reserved.
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•• IntelIntel®® CompilersCompilers
–– Best way to get application performance on Intel Best way to get application performance on Intel 

processorsprocessors

•• Intel Performance LibrariesIntel Performance Libraries
–– Highly optimized, ready to use buildingHighly optimized, ready to use building--block functionsblock functions

•• VTuneVTune™ Performance Analyzer™ Performance Analyzer
–– Identify bottlenecks in source code to increase Identify bottlenecks in source code to increase 

performance or identify problemsperformance or identify problems

•• Intel Threading ToolsIntel Threading Tools
–– Speeds, simplifies development & maintenance of Speeds, simplifies development & maintenance of 

threaded appsthreaded apps

•• Intel Cluster ToolsIntel Cluster Tools
–– Create, analyze, optimize and deploy clusterCreate, analyze, optimize and deploy cluster--based based 

applicationsapplications
–– MPI Library “ virtualizes”  the cluster interconnectMPI Library “ virtualizes”  the cluster interconnect
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•• IntelIntel®® Trace CollectorTrace Collector
–– Analyzes communication layer and Analyzes communication layer and 

user routines user routines 
–– Event Trace based approachEvent Trace based approach
–– Very low impact on application Very low impact on application 

performanceperformance
•• Intel Trace AnalyzerIntel Trace Analyzer

–– Offline trace analysis for parallel Offline trace analysis for parallel 
MPI programs MPI programs 

–– HighHigh––performance graphics, performance graphics, 
excellent zooming and filteringexcellent zooming and filtering

–– Scalability in time and processorScalability in time and processor––
spacespace

•• MPI LibraryMPI Library
–– Enables application capable of Enables application capable of 

execution across multiple network execution across multiple network 
architecturesarchitectures

Cluster Tools Product Page

$ - � � � ��

$ - � � � ��
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•• Intel in HPCIntel in HPC

•• Intel Software ToolsIntel Software Tools

•• Intel in Grid ComputingIntel in Grid Computing
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•• Ease of useEase of use
–– One loginOne login

–– One security checkOne security check

–– Overview of whole gridOverview of whole grid

•• Access toAccess to
–– More aggregate compute power availableMore aggregate compute power available

–– Specialized devices (microscopes, telescopes…)Specialized devices (microscopes, telescopes…)

–– Data anywhereData anywhere

•• More efficient use of resourcesMore efficient use of resources

•• NOT free resourcesNOT free resources

•• NOT the world’s fastest supercomputerNOT the world’s fastest supercomputer

*Other brands and names are the property of their respective owners
© Copyright 2005 Intel Corporation. All Rights Reserved.
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ClustersClusters

•• Homogeneous Homogeneous 
nodesnodes

•• Private nodesPrivate nodes

•• Private pointPrivate point--toto--
point networkpoint network

•• Jobs run on Jobs run on 
collection of nodescollection of nodes

•• Communication via Communication via 
MPI MPI 

GridsGrids

•• Heterogeneous Heterogeneous 
nodesnodes

•• Shared nodesShared nodes

•• Shared networkShared network

•• Jobs run on one Jobs run on one 
device at a timedevice at a time

•• Communication Communication 
by RPC/socketsby RPC/sockets
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Overall Utilization Internal Goal

Overall System UtilizationOverall System UtilizationOverall System Utilization
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Architecture Validation Cycles Completion Using VNBArchitecture Validation Cycles Completion Using VNB
MM--clocksclocks

Actual CompletionActual Completion
Using NetBatchUsing NetBatch

Plan Using Plan Using 
Local Site ResourcesLocal Site Resources

8 Week Pull8 Week Pull --InIn

Netbatch has become a fundamental part of our engineering 
infrastructure with 1.7 to 2 million Netbatch jobs per month

*Other brands and names are the property of their respective owners
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•• A productionA production--ready Grid ready Grid 
system that connects system that connects 
Supercomputers and Clusters Supercomputers and Clusters 
to a Computing Gridto a Computing Grid

•• Originally developed in Originally developed in 
German research projects German research projects 
UNICORE (1997UNICORE (1997--2000) and 2000) and 
UNICORE Plus (2000UNICORE Plus (2000--2003)2003)

•• Initiated by leading German Initiated by leading German 
Computing CentersComputing Centers

•• Evolved to Open Source Grid Evolved to Open Source Grid 
system that is used worldsystem that is used world--widewide

*Other brands and names are the property of their respective owners
© Copyright 2005 Intel Corporation. All Rights Reserved.
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•• UNICORE  been released at UNICORE  been released at SourceForgeSourceForge

–– Intel: ClientIntel: Client

–– Fujitsu Labs Europe: NJS, Gateway, TSI, Fujitsu Labs Europe: NJS, Gateway, TSI, 
UUDBUUDB

–– ICM Warsaw: PlugICM Warsaw: Plug--insins

–– University of Manchester: Resource BrokerUniversity of Manchester: Resource Broker

–– FZ Jülich: PlugFZ Jülich: Plug--ins and contributionsins and contributions

•• FZ Jülich coordinates activitiesFZ Jülich coordinates activities
–– Intel coordinates Client contributionsIntel coordinates Client contributions

•• New releases from download pagesNew releases from download pages

•• Source Code available from CVS Source Code available from CVS 
repositoryrepository

•• Support via mailing lists, bug tracker, etc.Support via mailing lists, bug tracker, etc.

•• Visit Visit unicore.sourceforge.netunicore.sourceforge.net
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Developing Grid Applications too difficultDeveloping Grid Applications too difficult
–– Grid Middleware is changing rapidlyGrid Middleware is changing rapidly

–– Applications have to be modified for new Applications have to be modified for new 
versionsversions

–– Applications for one Grid implementation will Applications for one Grid implementation will 
not work on othersnot work on others

–– Integration in business applications too Integration in business applications too 
complexcomplex

Need for a high level abstraction 
for Grid application programming 
based on current standards

*Other brands and names are the property of their respective owners
© Copyright 2005 Intel Corporation. All Rights Reserved.
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•• Developer‘s Release: 1 March 05 Developer‘s Release: 1 March 05 
–– Available at UNICORE sourceforge Available at UNICORE sourceforge 

repositoryrepository

–– PreviewPreview

•• Alpha Release: 1 June 05Alpha Release: 1 June 05
–– Packaged versionPackaged version

–– Limited functionalityLimited functionality

•• Beta Release: 1 October 05 Beta Release: 1 October 05 
–– Full functionalityFull functionality
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•• Trust establishment Trust establishment 

–– by far the single most important challengeby far the single most important challenge

–– Identity or rightsIdentity or rights

–– Authorized UseAuthorized Use

•• Education & SupportEducation & Support

–– Systems, Network, Security Systems, Network, Security AdminsAdmins

–– Applications DevelopersApplications Developers

•• IncentivesIncentives

–– Why would I want to make resources available?Why would I want to make resources available?

•• Organizational PrioritiesOrganizational Priorities

–– Internal practices may make it hard to use the remote Internal practices may make it hard to use the remote 
resourceresource

•• Managing ExpectationsManaging Expectations

–– Managing the hype………..Managing the hype………..

*Other brands and names are the property of their respective owners
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Advancing 
HPC 

Technology
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Intel, Xeon and Itanium are trademarks or registered trademarks of Intel 
Corporation or its subsidiaries in the United States or other countries.
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