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High Performance Computing

Insatiable Demand for Performance

T il Exploration ' !ﬁs!-gn Simulationl
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Petascale and Beyond
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Source: Dr. Steve Chen, “The Growing HPC Momentum in China”, June 30th, 2006, Dresden, Germany



HPC Needs Decades of Moore’'s Law
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HPC Needs Decades of Moore’'s Law

Weather Prediction
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Intel’s Commitment to HPC

Reference Platform

Software Tools

Storage and Libraries
¥ i
Boards and HPC Division
Systems
Silicon Developer
Relations

Research

) Zeed Supsreommnutnrs Moy R
&= Research Breakthroughs  FORUM



New Mexico Computing

Applications Center

1269 T FLOPs .
{R&D Projects, Weather Research
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11—~  Tata CRL- EKA Supercomputer |
| M y India i
1 1179 T FLOPs -

_ Govt Scientific R&D, WW Services
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National Defence Radio Establishment
Sweden
102.8 T FLOPs
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China Meteorological
Administration, National
Satellite Meteorological Center

Gaming Company B Shanghai 1
Gaming Company B Chengdu
Gaming Company B Shanghai 2
Gaming Company B Shanghai 3
Gaming Company: B Beljing
Game Company B XIran

A S Kunmin
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IA in PRC’s Top 10 HPC Sy
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SINOPEC

4. China Meteorological
Administration, National
Satellite Meteorological Center

Gaming Company B Shanghai 1
Gaming Company B Chengdu
Gaming Company B Shanghai 2
Gaming Company B Shanghai 3
Gaming Company: B Beijing
10. Game Company B Xran
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Sinopec
A Powers Next Generation Petroleum Exploration

e SINOPEC Shengli Geophysical Institute
o AX Imprevement off Seismic Processing
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LI Jun -
President ”
Dawning Infermation Industry Ceo:, Ltg
Chairman '

High Performance Computing Standard Committee
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Tukwila for the World's Mest Demanding Computers

Quad-core with 30 MB cache

2 billion transistors

Multi-threading technology

Intel QuickPath interconnect

Dual integrated memory controllers
Estimate >2X" performance

e Mainframe-class RAS

“HP has already successfully booted four key operating
systems (Linux, Windows, HP-UX and OpenVMS) on our
Tukwila-based Integrity servers....and have found the
initial silicon to be robust and of high quality.”

—NMartin Fink, Senior VP & GM, Business Critical Systems, HP

*Compared to Dual-core Itanium® Processor 9100 series
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Quad-Core Intel® Xeon® Processor 7300

Caneland Platform For Virtualization
S E—— T:."“' | Energy Efficient Performance
muas -_----:1 e — wuemnn Investment Protection
FRSSASSSERYT O Enterprise Proven Reliability

SONY PICTURES

£ numanall chico's IE® SIS - imageworks

QUPOND GEE

The miracles of science- Ll L NATIORIL

Virtualization: Platiiorm of Choice

INGERETE
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*Other names and brands may be claimed as the property of others

(2

6


http://www.google.com/imgres?imgurl=http://upload.wikimedia.org/wikipedia/en/thumb/f/f9/BMW_Logo.svg/564px-BMW_Logo.svg.png&imgrefurl=http://www.coolchaser.com/user/themes/240164&h=134&w=134&sz=108&tbnid=DV7coe8lDUQJ:&tbnh=134&tbnw=134&sa=X&oi=image_result&resnum=1&ct=image&cd=1
http://www.google.com/imgres?imgurl=http://healthcare.zdnet.com/images/pfizer_logo.jpg&imgrefurl=http://healthcare.zdnet.com/%3Fcat%3D22%26paged%3D2&h=77&w=118&sz=15&tbnid=d0I1C0ACGzQJ:&tbnh=77&tbnw=118&sa=X&oi=image_result&resnum=1&ct=image&cd=3
http://www2.dupont.com/DuPont_Home/en_US/
http://www.google.com/imgres?imgurl=http://content.answers.com/main/content/wp/en/thumb/e/e6/200px-Humanalogo.jpg&imgrefurl=http://www.answers.com/topic/humana-1&h=38&w=104&sz=2&tbnid=qxr1GcTbuqgJ:&tbnh=38&tbnw=104&sa=X&oi=image_result&resnum=1&ct=image&cd=3
http://www.bumrungrad.com/Overseas-Medical-Care/Bumrungrad-International.aspx
http://www.chicos.com/store/home.asp

Dunnington with 6 Cores

* 45nm high-k technology

e 1.9B transistors

16 MB L3 cache

* Caneland socket compatible

e | atest Intel virtualization
technologies

* 2H'08

Caneland Gets Better with Dunnington
. 7" Intel Developer
Qtil Invent the new reality., FORUM



Enterprise Need for Virtualization

Avallability & Continuity
Dynamic Data Center

Fault Tolerance

Test and Development Test and Development
Consolidation Consolidation
Virtualization 1.0 Virtualization ' 2.0

Intel Developer



Intel® Virtualization Technology Evelution

Enabling New Usage Models

Intel® VT FlexMigration

Performance Acceleration

Intel® VT for Connectivity
Intel® VT FlexPriority

Hardware Enhanced VMMs Enhanced Stability and
Reliability

Intel® VT for Directed I/0

Intel® VT-x and VT-I

240/0)5) 2007 and Beyond

intel- Intel Developer
L/ Invent the new reality. FORUM



Mendel Rosenblum
Founder and Chief Scientist
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New Hardware Compatibility Problem
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New Hardware Compatibility Solution

Intel® Virtualization Technology FlexMigration

Intel Developer
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New Hardware Compatibility Solution

Virtual Infrastructure ]

65nm DP

Woodcrest
(2 Core)

vmware

45nm DP 65nm MP 45nm MP

Harpertown Tigerton Dunnington
(4 Core) (4 Core) (6 Core)

Intel® Virtualization Technology FlexMigration

Intel Developer
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Quad-Core Intel® Xeon® Processor 5400

Virtualization
BB T5HZ FEAHEXASEAAT
CHINAEASTERN - my Ty et Ty Er podAn=
Energy Efficiency
E13 m
HSBC &» SeHU.com
Performance
intEI INEEEL)E
LJ Invent the new reality. FO RU M
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HongliniZhang

Deputy Chief Director

Ministry ofi Railways - IT Center
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i 300km/h

China — Ministry off Railways

2007 240240
80,000 KM of track 120,000 KM track
5,000+ stations 1,200 KM High-speed railway

1.4B passengers
3.1B tons of goods
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Intel’s Approach to Eco-Technology

ol

climate
savers

smart computing

IENERGY STAR|

Industry Leadership

Comprehensive Eocus on Energy Efficiency

l@ Intel Developer
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http://www.energystar.gov/index.cfm?c=home.index

Impact by 2010

efificiency by 50%

clima,te — Save an estimated $5.5 billion in energy costs

CER () -3 ° Reduce CO, emissions by 54M tons/year.
smart computing Equivalent of:
.\ — Removal of 11 million autos
— Eliminating 20 coal plants from the planet
— Planting 25,000 sqg. miles (~65,000 km2) of trees

* * Improve computing platferm energy.

My be claimed as



Eco-Technology

Liu Rulin

Vice President & Secretary General
China Institute of Electronics

Co-Chair
China Electronics Energy Savit




Founding Members ofi CEESC

bl AR al 80 EES
ciIscCO (5PN TREN

S

HUAWEI

INSpUr & aER

I@ Intel Developer
Invent the new reality. F 0 R U M

*Other names and brands may be claimed as the property of others



CEESC and Climate Savers

* Reached the agreement of coeperation with CSCI

* Bridge together the efforts on saving energy and
reducing greenhouse gas emissions

Intel Developer
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Energy Efficiency: SPECpower*

* leasures server power and
performance

— SPECpoewer_ssj2008*

» Complete dynamic range across
eleven load levels

First Industry StandarnaERergy. Efficiency Benchmark

i’n tel ) Intel Developer
b Invent the new reality. F 0 R U M
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Top SPECpower* Results

© 0 N o a0 & W N

=
o

s

Rank Sponsor

IBM
HP
Dell
Dell
HP
FSC
Dell
HP
Intel

SPECpower_ssj2008
overall ssj_ops/watt

894
778
719
712
698
690
682
662
468

Platform

X3450
DL180 G5
PE 2950 |l
PE 1950 Il
DL160 G5
RX300 S4
PE 2950 |lI
DL360 G5
6025B-TR+

Processors
(Two Socket)

2x Intelt Xeont E5462
2x Intelt Xeont E5450
2x Intelt Xeont E5440
2x Intelt Xeont E5440
2x Intelt Xeont E5450
2x Intelt Xeont E5440
2x Intelt Xeont E5440
2x Intelt Xeont E5450
2x Intelt) Xeont L5335

Public SPECpower results from http://www.spec.org/power_ssj2008/results/power_ssj2008.html as of March 27, 2008

Intel Developer

Invent the new reality. FO R U M
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Top SPECpower* Results

SPECpower_ssj2008 Processors
Rank Sponsor overall ssj_ops/watt Platform (Two Socket)
1 Inspur 910 NE290D2 2x nteltxXeontiL5420

~ "SPECpower is an important industry benchmark to
reflect performance-per-watt and | am very pleased
today that Inspur has achieved the #1 result for dual

-

=
» P

\ Wang Endong
‘ ‘ President

h processor systems worldwide"

W

Inspur Beljing Information Corp

iNSPUr R

Public SPECpower results from http://www.spec.org/power_ssj2008/results/power_ssj2008.html as of March 27, 2008

i’n t el ) Intel Developer
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Intel’s Tick TockiDe

Iatel Intel ® NEHALEM WESH o SANDY
PentitmeD; Core™ 2, 5|8 PrOCESSEES S BRIDGE
{EONE) Xeon@ processors
Core™ processors ‘
PrOCESSOKS

' ‘ ‘ Intel Developer
All products, dates, and figures specified afe preliminary based on current expectations, and are subject to change without notice.
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Nehalem: Innovative New: Architecture

2.4 or 8 Cores

Integrated Memory Controller IntegratediMembry/ Controller—+3iCh DDR3!

QuickPath Interconnect:

Core | -| Core | Core

2-way Simultaneous Multi-threading | | %'

Microarchitecture Enhancements

|| Shared 3 cache i e

1 P g

Dynamic Power Management

SSE 4.2
Q4’08 Production

l@ Intel Developer
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Fall'IDE 2007

ISA Innovation Continues ...

SSE4.2 AES-NI
Efficient Accelerated String Instructions To Accelerate AES
and Text Processing Encryption And Deayption
Implemented in Nehalem Implemented in Westmere
256 compares in oneinstruction >3 performance improvement
Financial Market Data Parser « Enables broad use of AES
» 75% reduction in instructions - Improves security

+ >3x performance increase . Simplifies software

et Demioper

(intel‘ FORUM

e e ] thr;-lh; 1lr !II m— Hlu-.l :l':-:-l" ..'.]LI .lm:%ﬂpg"ﬁﬁhi”r Iln.n-ﬁ"l I!--lphl '|r l-|hl|
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Sandy Bridge: Intel® Advanced Vector Extensions
256-bit VVector Extension to SSE for EP Intensive Applications

New Instructions Benefits

Wider Vectors
Increased from 128 bit to 256 bit Up to 2x Peak FLOPs OUtDUt

Enhanced Data Rearrangement

New: 256 bit Primitives for Data Permutes Etficient Data Access

Three Operand Smaller Code Size

Non Destructive Syntax _
Efficient and Extensible Parallel Operatlons

intel- Intel Developer
L/ Invent the new reality. FORUM



Sandy Bridge: Intel® Advanced Vector Extensions
256-bit Vector Extension to SSE for EP Intensive Applications

“The Microsoft and Intel UC engagement
continues its multi-year history of
innovation. Intel processors help enable
higher definition video conferencing,
better power management, and
enhanced security, and we are excited
about the additional capabilities that
Intel® Advanced Vector Extensions will
make possible”.

Gurdeep Singh Pall,

Unified Communications Group

Corporate VP, =
Microsoft Microsoft Adobe

"Floating point and SIMD processing are
important to the performance of Adobe
software products,” said Hart Shafter,
Senior Product Manager for Production
Premium at Adobe. “We welcome Intel's
ongoing innovation in this space and plan
to work with Intel to reap the maximum
benefit from the new .
Intel™ Advanced Vector

Extensions®,

NEEIVAVXE PErformance
Energy Efficient andlExtensible

l@ Intel Developer
p Invent the new reality. FO R U M
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Visual Computing: Graphics Re-defined

Traditional Graphics Vistial Computing

Rasterization Photorealistic Rendering

Standard Definition

Video and Audio HD Video and Audio Processing

Graphics and Model Based

Inefficient for Computing Computing

intel- Intel Developer
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Visual Computing: Graphics Re-defined

Traditional Graphics Visual Compuiting

Rasterization Photorealistic Rendering

Standard Definition

Video and Audio HD Video and Audio Processing

Graphics and Model Based

Inefficient for Computing Computing

Rigid Pipeline Architecture Programmable, Ubiquitous, and
Unified Architecture

Looks Real =» Acts Real = Feels Real
- : Intel Developer
(nte’ =11



Visual Computing:
Acquiring, Analyzing, Modeling and Synthesizing Visual Workloads

Photorealistic Immersive Highi Definition Computational
3D Rendering User Interface Audio, Video Modeling

s/\o"’

l@ Intel Developer
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Visual Computing:
Acquiring, Analyzing, Modeling and Synthesizing Visual Workloads

Photorealistic Immersive Highi Definition Computational
3D Renderlng User Interface Audio, Video Modeling

l@ Intel Developer
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Processor; Delivering Photo Realism

“Multi-threaded processors are enabling ray-tracing
to reach new levels of realism, content generation, &
quality previously unheard of in our industry.”

— Richard Jones, Vice President of Alias at Autodesk
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T
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= el )
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Processor: Quake Ray-Tracing Vision

*Other names and brands may be claimed as the property of others



Visual Computing : What Doees it Take?

3. Multi-threaded High-performance CPU

—
Tl
\

_j_‘.,q}, High Performance Memory and I/0

/A Programming, Software Tools, and Support

Integrated or Discrete Graphics
Larrabee: Scalable Many-core IA Architecture

Intel Developer
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Larrabee Architecture for Visual Computing

* Many |A cores
— Scalable to TeraFLOPS

* New cache architecture
* Throughput architecture

 New vector Instruction set
— Vector memory operations
— Conditionals
— Integer and FP arithmetic

* New vector processing unit /
wide SIMD

l@ Intel Developer
LJ Invent the new reality. FO R U M




Intel Software Unleashes Developer Freedom

Industry Leading Intel®
Software Tools - I

s

Addresses Development and bl e Dmence e ke

Performance Tuning Needs |zt

Visual Computing Tools & Resources
- Extending Intel® Software for Larrabee Architecture
‘N}‘\ Supports Industry Standard APIs (DirectX* and OpenGL¥*)

—

l@ Intel Developer
Invent the new reality. FO R U M
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Intel: The Architecture for Life
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40 YEARS
OF CHANGING
THE WORLD
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Risk Factors

This presentation contains forward-looking statements. All statements made that
are not historical facts are subject to a number of risks and uncertainties, and
actual results may difffer materially. Please refer to our most recent Earnings
Release and our most recent Form 10-Q or 10-K filing available on our website for
more information on the risk factors that could cause actual results to differ.

I@ Intel Developer
Invent the new reality. F O R U M



Legal Disclaimer

INFORMATION IN THIS DOCUMENT IS PROVIDED IN CONNECTION WITH INTEL® PRODUCTS. NO LICENSE,
EXPRESS OR IMPLIED, BY ESTOPPEL OR OTHERWISE, TO ANY INTELLECTUAL PROPERTY RIGHTS IS GRANTED
BY THIS DOCUMENT. EXCEPT AS PROVIDED IN INTEL’S TERMS AND CONDITIONS OF SALE FOR SUCH
PRODUCTS, INTEL ASSUMES NO LIABILITY WHATSOEVER, AND INTEL DISCLAIMS ANY EXPRESS OR IMPLIED
WARRANTY, RELATING TO SALE AND/OR USE OF INTEL® PRODUCTS INCLUDING LIABILITY OR WARRANTIES
RELATING TO FITNESS FOR A PARTICULAR PURPOSE, MERCHANTABILITY, OR INFRINGEMENT OF ANY
PATENT, COPYRIGHT OR OTHER INTELLECTUAL PROPERTY RIGHT. INTEL PRODUCTS ARE NOT INTENDED
FOR USE IN MEDICAL, LIFE SAVING, OR LIFE SUSTAINING APPLICATIONS.

Intel may make changes to specifications and product descriptions at any time, without notice.

All'products, dates, and figures specified are preliminary based on current expectations, and are subject to
change without notice.

Intel, processors, chipsets, and desktop boards may contain design defects or errors known as errata,
which may cause the product to deviate from published specifications. Current characterized errata are
available on reguest.

Performance tests and ratings are measured using specific computer systems and/or components and
reflect the approximate performance of Intel products as measured by those tests. Any difference in
system hardware or software design or configuration may affect actual performance.

Intel, Intel Inside, and the Intel logo are trademarks of Intel Corporation in the United States and other
countries.

*Other names and brands may be claimed as the property of others.
Copyright © 2008 Intel Corporation.
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Legal Notices

Performance tests and ratings are measured using specific computer systems and/or components and reflect the approximate
performance of Intel products as measured by those tests. Any difference in system hardware or software design or configuration
may affect actual performance. Buyers should consult other sources of information to evaluate the performance of systems or
components they are considering purchasing. For moere infermation on performance tests and on the performance of Intel products,
visit http://www.intel.com/performance/resources/limits.htm or call (U.S.) 1-800-628-8686 or 1-916-356-3104.

All' dates and products specified are for planning purposes only and are subject to change without notice

Relative perfermance is calculated by assigning a baseline value of 1.0 toone benchmark result, and then dividing the actual
benchmark result for the baseline platform into each of the specific benchmark results of each of the other platforms, and assigning
them a relative performance number that correlates with the performance improvements reported.

SPEC, SPECInt2000, SPECfp2000, SPECInt2006, SPECIp2006 are trademarks of the Standard Perfermance Evaluation
Corporation. See http://www.Spec.org for more information.

Intel® Virtualization Technoelogy requires a computer system withian enabled Intel® processor, BIOS, virtual machine monitor (VMM)
and, for some uses, certain platform software enabled for it. Functionality, performance or other benefits will vary depending on
hardware and software configurations and may require a BIOS update. Software applications may not be compatible with all
operating systems. Please check with your application vendor.

Intel processor numbers are not a measure of performance. Processor numbers differentiate features within each processor series,
not across different processor sequences. See http://www.intel.com/products/processor_number for details.

Intel products are not intended for use in medical, life saving, life sustaining, critical control or safety systems, or in nuclear facility
applications. All dates and products specified are for planning purposes only and are subject to change without notice

* Other names and brands may be claimed as the property of others.

Copyright 0 2007 Intel Corporation. All rights reserved. Intel, the Intel logo, Xeon and Intel Core are trademarks or registered
trademarks of Intel Corporation or its subsidiaries in the United States and other countries.
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