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1.8B 1,000,000 # 30GHz
/’/14GHZ

~2B Transistors
//:aniumz‘ CUDLOY )
Itanium® 1,000
Xeon® /’Itanium@ proc
Pentium® Pro 100 /4%3%”:”5;0
6
.4

/ 486

. Frequency
Transistors

“20108E £ TIZ30 GHz T/31 X, 10 nm £F=[ZFN LT T
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L] 1) Pat Gelsinger, Intel CTO, Spring 2002 IDF
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90nm 16nm 45nm
Strained Y13y F/-FIRARIEE High-K Gate Dielectrics
PRS2 S F/74% - Fars4F

65nm
0.57 um2SRAM Cells

300mm II7

£ | I www.intel.com/research/silicon
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#ﬁﬁsgiﬁ*iﬂﬁ' [ New materials

integrated
onto Si
16 nm node
2013 .

11 mm noide
s

13ont gracais
To~m gueiw
-y

Si-Nanowire
Prototype

Snm
C-nanotube

Prototype

&
Il'ltel. ,
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rvice
Web S€! OSCAR

Middleware SCYLD

NEVE W

Directory
WGLOBUS services

Tools  100's of ISVs Da‘a\oase

] l RU—TAV T VAT L g
h Microsoft, Unix, LinuxE

VAT L [l[e]
12, 30 OEMs InfiniBand*
#1000 PCI-EXpress
F4AME21—4% Ethernet

0S

FotwH FyFfok

Itanium™ Architecture Intel chipsets

ArCh Itecture E IA-32 Architecture 3rd Party chipsets

OEM custom chipsets

AT IAR—ZADKFEY) 2—2aV (2B I+THMEFAREXSUnDEM (FEE)
OMERHEEDSL.6BICHLTS19.0BD (#12Jk3FEM)

1: 2000 R&D spending for Intel. Microsoft. Compag, Dell. HP. SGI & IBM: Source: 2000 Annual Reports
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Intel ASCI Red upgrade:

Seientific Regains title as world's
Founded fastest computer
iPSC/860: Wins Paragon: Breaks
l Gordon Bell prize Delta records l

1985 1990 1995 2000

t t

iPSC/2 Delta: World's; ASCI Red:
fastest computer World's First TFLOP

1
Ay e,
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= JREL CPUs
= HRXEL AEY

e COTS CPUs
 DREAL N —2T o cOTS HEY
» PRIL A2H8—TEIF o HREL /Vir— 8
. COTS CPU
= HREZL OS : HDRELAE—TF IR COTS AEY

BRE4 08 COTS INo—S20

COTS 1>%—a%JF
CcOoTS 0S

1980
S

~$200K /gigaflop 2000

&
intgl. ,
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New Proof Point: Thunder
-—Te

i

Ly PRyl e s Sidrs CAL/FFDNNFA
FrFid FT &0

1,024 Part 1864 D8 U Bl D840 GeMel Eland 1

B

= From Concept to Deployment in Five Months

= Target Performance of 20TFLOP Peak

= Highest Performance COTS based solution in the world
= Approximately 3,840 Intel® Itanium® Processors

i E
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Intel in
Top500 Supercomputers

Count

2501

M ltanium Processor Family
W Xeon Processor Family

inu . Source: Latest TOP500 list, Nov. 2003. Data available at: www.top500.org/lists

*Other brands and names are the property of their respective owners. © 2004 Intel Corporation. All Rights Reserved.
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Intel® and Top 500

= 189 Intel-based systems on Top500 list

— MSS leader with 37% of system being iA based,
displacing RISC architectures

— November 2002: 56 systems to November 2003: 189
systems

— >40% of deployments into commercial segments
= 40% of top ten systems

— NCSA (#4), Lawrence Livermore Nat'l Lab (#7, #10),
Pacific Northwest National Labs (#5)

= |ntel® Itanium® processor-based systems
— From 19 systems in June to 32 in November

intel. )
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Intel® and Top 500

o
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© H Intel
%, B AMD>*
2 ® Power>
©
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o

Jun '02 Nov '02 Jun '03 Nov '03

Source: www.top500.org
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64-bit HPC
performance 2P,
4P, 8P, 8P+ HPC
high-end servers , SMP systems, high-end

, 64-bit

4P, 8P, 8P+
rack optimized,

InteXeon™ 32-bit HPC

HPC 32-bit
rack optimized, peer-to-peer
pedestal servers 32_bit
InteP Pentiun®® 4
[ Rack; blades; fow——|
OIS HPC peer—to-peer
JavaXML...)
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Intel® Itanium® ZAtvS - 273U DAY
ﬂﬁ'ﬁff‘/;?‘yj
SEERE Itanium® 2 F0+vY 6MB
" » 1.5GHz TH&X 6MB L3¥¥via, MP t&flA\aT g
> BE—H18E 6 GFLOPS, 70ty H&H71-Y 48 GB/s vy 15X E
TRLEROABARLGT

Launched
June 30, 2003

VE—TFA X OHEEMHRICHE

BRI Itaniume® 2 7O+vY 1.40GHz, 1.5MB
» 1.40GHz T 1.5MB L3%¥via, DP &5 H

> DP Bt ER TSy 24 —L  95R R - AT LIZRE

EAREAE Low Voltage Itaniume 2 FOtv4
¥ » 1.0GHz T 1.5MB L3%+via, DP #&/ A
> mEBEEEERICEHNEED
LT ltanium® 7AtkyH-D7IYEIY
RJ:-LAR)LD RISC HIEALHIFEA
ltanium® FOtw-F73IYIZ70F 25 DDP WSIZRB1E
SOty EE
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Itanium® 2 Z7atvY 6M:
ERBELARIILDERE

121K

#1
Overall

SPEC Bost RISC 160
Source tanium 2 processor resuls e, 64GB memory, Microsoft Windows Server 2003
Enterpise Edion and MIcrosaf SQL Servér 2000 Enierprse Ediion 64-bi, avalabily dale 81103, Best pubished RISC resull of 56,375 tpmC.and $9.44/pmC on HE AlphaSenver using 4 £845 processors 1 25GHz, 3268

memory, availabilty 09/27/02.
Source: tanium® 2 processor results measured on HP Server 5670 using 4 tanium® 2 processors 1.5GHz with integrated 6MB L3 cache, 24G8 of memory, HP-UX 11i, SAP rev 4.6 C, Oracle i
BestRISC teul o 420 rom. on AlphaServer ES45 1000MHz.
Sourt im® 2 processor result of 1930 on HP Server 2600 using 2 ltanium® 2 processors 1.5GHz with 6MB L3 cache, 12GB memory, HP-UX 11i v2, Zeus 4.2r2 and submitted to SPEC. Best RISC
resnh ﬁn Sum Fire" 28R resuh of 1008 wih 2 UITaSPARC I Cu processors a 1 2GHz with BB L2 sache (off chi), Solars- 9, Sun ONE Web Server 6.0 SPS, 3268 AN, publshed 4103

{ published RISC result of 96,377 on eServer pSeries IBM 655 using 4 Powerd+ 1.7GHz processors, 16GB memory, AlX 5L V5.2 APAR 1Y43549, JVM J2RE 1.4.1 1BM AIX build cadev-

50030410, hanum® 2 umncswr GM resitof 116466 measured by HP on HP Server 5670 i 4 oS 2 procensors o i 15015 i otated 1B L3 eache, T6GB of mermors. HA-UX 11 v2 0, i st
1.4.2.00 and submitted to www.spec.org. SPEC]bb* is a trademark of SPEC at
Sourse: NEC Corporalion o Lanum 2 prooesso SM resls o 17, SGFLOPS on “NEC HPC Server TXTHSS10, 8l NEC ExpressS80011320e n he US market: with 32 aniut 2 processors 6M a1 SGHz. 2568 RAM
NEC 1A-64 Linux R3.2. Sou
Source: 1P Integrity Superdome, 624,164 1o at $8.28/pmC, with 64 Il anium 2 Drocessols each at 1.5 GHz wit
Enterprise Edition, with 512 GB RAM. Availabillty date: 12/31/2003. Best single system RISC using IBM eServer pSeries 630 Turbo 7040-681, 763,898 (pmC, $8.31/pmC, with thirty two (32) IBM Poweré+ processors at
L7GHz, running IBM AIX 5L V5.2, IBM DB2 UDB 8.1, 512GB RAM, Availability date: 11/08/2003.

Results as of 7/30/03.

] Performance tests and ratings are measured using specific computer systems andlor 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 systems or are considering purchasing. For more
information on performance tests and on the performance of Intel products, reference or call (U.S.) 1-800-628-8686 or 1-916-356-3104
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Itanium® Architecture: Explicit Parallelism

Traditional ltanium® architecture
Qriginal Original Parallel
So%rce So%rce Machine Code
Code Hardware Code

/—/%

I

Sequential
Machine Code

| n |
. . Multiple execution
Execution Units unused — units

reduced efficiency resources used

more efficiently

Performance through Parallelism

*Other brands and names are the property of their respective owners. © 2004 Intel Corporation. All Rights Reserved.




A2 TIL® Itanium® Fotky4-J73)0a—kvyr

Itanium® 2
oty Itanium® 2 Montecito
(Madison) Jotyvy F1 P -TP,
1.5GHz, 6M (Madison 9M) ABEEFryia

1.4GHz, 4M 1.7GHz, 9M 90nm #HETO+X
1.3GHz, 3M

Tukwila

VIF-I7,
IAAIphaF—A4L
KICF%E

Itanium® 2 Itanium® 2
Fotyy Jotyy Millington
(Madison) (Madison 9M-based) DP, Montecito-based
1.4GHz, 1.5M, DP 1.6GHz, 3M, DP

Dimona
DP, TukwilaN—X

LV Itanium® 2 LV Itanium® 2 .
oty Jotyy LV Millington

LV Dimona

DP, Low Vqltage

i 1 DP, Low Voltage
(Deerfield) (Deerfield Refresh) g TukwilaN—Z

1.0GHz, 1.5M, DP 1.2GHz, 3M, DP Montecito-based
1 1 I
2003 ! 2004 ! 2005 1 RER

HEEEIR 127 IL® ltanium® 2 TaEvY
Tukwila, Dimona, Millington, Montecito. Madison

lIDeerfield [FENZTNEH J:L)%ﬁa"]j;%ﬁgiﬁl'}]ﬂ L,f:
intgl. RUROT SV I+ —LEHE
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Itanium® Microarchitecture Evolution In
HPC

2001 2002 2003 2004 2005 Later
Madison9M** Montecito** Tukwila*

g BN

800MHz 1GHz 1.5GHz 1.7GHz >1.7MHz Multi-core
4MB L3-Cache 3MB iL3-Cache 6MB iL3-Cache 9MB iL3-Cache 24MB,
180nm 180nm 130nm Dual-Core,
90-100W TDP 97-107W TDP Multithread
- Cache| -Cache -Cache - =Cache '77
Peak GFLOPs 4 per 6 per 6.8 per >12 per >42 per
Socket Socket Socket Socket Socket

Continued increase in performance with long term roadmap

**codename

]
Inu 5 All products, dates, and figures are preliminary, for planning purposes only and are subject to change without notice. 24
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Intel® Itanium®2 Aty H R—X TS5y T4+—L

ltanium®2 ZFa+v

SEMEARATYY—R -7%#
_2HICEoTT—SlER ol
EEEAWE /ZIA NR
~FFAREE L3Fvy 400MHz, 6.4GB/s
a 128bitsavide
LATOVREBL BE/N s
YRIEDOELFvyia A

2 DMPCI /ARFAPCI/PCI-X Ty
* PCI-33 MHz
* PCI-66 MHz
« PCI-X (66/100/133 MHz)

/10

KFE2IILFTOoevy
FIUrTA—L

Rr—35T )L ENTa05
TnvotEs

FyTtyk
« fEREROE{L
c INSUROBNT-iEE
BEVRTFLISR
« FERLUI-RSAHAE

XEY < AEY
FaFILF¥+)L DDR 200

HLULWARILDRAS, e, RT—5EUT42RRTS

HH/RDIN-TUR TSI+ —L
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Intel® Xeon™ ZOtvH--J731)

ILFFOtyH (MP) Xt

2004 2005

| R

All products, dates and information are preliminary and subject to change without notice
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Intel Enterprise Platform Example

x16 PCI Express

Graphics
x16 Next Generation

Workstation Graphics

PCI Express Next Gen. LAN and SCSI
Slots
x1 General Purpose 1/O Y,

ExED BRIDGE PCI Express

-to-PCI-X Bridge Bridge for Technology
Transition from PCI-X

= PCI Express* adapters connect directly to the MCH without a bridge
— Lower latency and cost
— Fewer pins, less board space

= Bandwidth to support 10Gb technologies

— “Future proofs” 2004 servers
= Bridge spec extends PCI-X investment for PCI Express

*Other brands and names are the property of their respective owners. © 2004 Intel Corporation. All Rights Reserved.

2004F TS5y I+ — LB M DEIR

n )(:El)
— DDR266, DDR333 M5, &Y ERIL Al 8E TIEEE T H7EDDR2AFEAT
— EBIZFBDA (7 ILE)
* O/ ARA—TTA(R
— PCI-X, PCI-X64 5 PCI-Express~ ()7 )LL)
= A3 —aRTk
— XH A—HRIHDBI0GB, 12 T4= /K>
s TSN A—LEE
— IPMIL.5M5IPMI2.0~

SR BIEEMERIRT 50T YT+ — LMD
DIFELZTHEL TS

1) Pat Gelsinger, Intel CTO, Spring 2002 IDF
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DDR/ DDR2 Feature Comparison

Characteristic DDR DDR2
200/266/333/400 400/533/667

Clock Frequency 100/133/166/200 200/266/333

Max Bandwidth 1.6/2.1/2.713.2 GB/s 3.2/4.2/5.3 GB/s

Data Width 64/72 bits 64/72 bits

Signal Count 119 143

DIMM Pins 184 240

DRAM Package 66-pin TSOP 60/84-pin BGA

Banking Structure 4 4i, 8i

Electrical Interface SSTL_2 SSTL_18

Voltage (Core/IO) 2.5/2.5/2.6*/2.6* 1.8/1.8

Clocking Differential Differential

Data Strobes Single Ended Differential

DIMM Types 4-36 Devices 4-36 Devices

Burst Length 2,4,8 4,8

DRAM Density 64Mbit - 1Gbit 256Mbit — 4Gbit

L___LJ

" 29
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DDR2 - “Cool” Memory

Thermal Margin

125
i AirFiora=2mis
=18 | st 20PU
= |
e 108
-] |
E 85|
i3
= 85
75t
]

01 oz o3 04 L
Active memony poves WWidevice|

* Webbench (SSL+E-commerce) with 40 clients
* 2.8GHz Dual Xeon with HyperThread enabled

DDR2 provides reduced power and improved

thermal at 400Mbps and beyond.

L]
intal .

*Other brands and names are the property of their respective owners. © 2004 Intel Corporation. All Rights Reserved.




Fully Buffered DIMM (FB-DIMM) Overview

e New buffer and DIMM signaling technology

e Chain of Links topology Standard Upto 8

DRAMs DIMMs

24 Differential Pairs

Host

HEHEEERHEE

O TR S O T

Reference clocks
CLKGen [—p| CLK Buffer run at half speed

of DRAM clock

Clock frequency scales with DRAM data rate

*Other brands and names are the property of their respective owners. © 2004 Intel Corporation. All Rights Reserved.

Bandwidth Comparison

Raw Bus Raw Bus

Bus Bandwidth Bandwidth
Bus Width Frequency (in Bytes) {in bits)

PCl 32-bit 33MHz | 133 MB/s 1 Ghps

PCI/PCI-X 64-bit 66 MHz | 533MBis | 4.2Ghps | 102
PCI-X 64-bit | 100 MHZ | BOOMB/s | 6.4 Ghps | 102
PCI-X 64-bit | 133 MHz 1 GB/s 8 Ghps 102

PCI Express - x1 1-bit 2.5GHz | 312 MBis 4 Ghps g
PCI Express - x4 4-hit 25GHz | 1.25GB/s | 10 Gbps 20
PCI Express - x8 8-bit 2.5GHz | 2.5GBfs 20 Gbps 40
PCl Express - x16 |  16-hit 2.5 GHz 5 GB/s 40 Gbps 80

. . * Actual performance = 80% efficiency of theoretical
= A single architecture replaces several older buses

- AGP for video
- PCI for networking and RAID
= Ushers in new applications to the platform
- 10 GbE Full Duplex and Infiniband x4 now achievable

in@ - High-end graphics and simulation in real time
: 32
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Architecture Comparison

PCI PCI Express*
Software

Software

Transaction

ProtoocJI
' | Data Link

Physical

Mechanical Mechanical

PCI Express Layering Enables
ll'lfel Scalability, Modularity and Reuse

*Other brands and names are the property of their respective owners. © 2004 Intel Corporation. All Rights Reserved.
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Platforms

Technology Transition Summary

Application Prior Technology
Chipsets Heterogeneous 1/0 Unified 1/0 Desktop, Mobile, Enterprise

PCI Express* Configuration Market Segment

Graphics AGP-8X X16 PCI Express Desktop, Mobile

General Purpose I/0 PCI X1 PCI Express Desktop, Mobile,

Gigabit LAN PCl or LOM X1 PCI Express or LOM Desktop, Mobile

Client Plug-n-Play PC Card Express CARD Desktop, Mobile
(ntemaiMoble  MiniPCI  MnPClBress  Moble

Graphics Pro AGP-8X PRo HE X16 PCI Express Workstations

Bridge PCl-to-PCI-X PCI Express-to-PCI-X Enterprise

General Purpose /0O PCI/PCI-X X4, X8 PCI Express Enterprise

Server Module n/a PCI Express Server 1/0 Module Enterprise

Communication Proprietary Solutions Advance Switching or Ethernet Communications
Fabrics or Ethernet

Communication Control & PCI PCI Express Communications
Host Based Backplane

Communication PCI/SPI/CSIX/Other PCI Express or Advanced Communications
Chip-to-Chip data Switching

All Compute and Comm. Applications Transitioning to PCI Express

*Other brands and names are the property of their respective owners. © 2004 Intel Corporation. All Rights Reserved.




Enterprise Form Factors

PCl Today gt ” PCI Express * SIOM

\""-.L: = e
LY

Hot plug IO moves from
‘top (PCl today) to rear

IPMI

Intelligent * Defines a standardized,
Platform abstracted, message-based
Management interface to intelligent platform
Interface management hardware

« Defines standardized records for
describing platform management
devices and their characteristics

Promoters: Intel samcno || INIEC || D@L

Adopters: 160 and growing

IPMI Enables Cross-Platform

' Management Software
intgl
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Typical Modular Application

Remote Mgmt
Console
System

| compute |[]compute [7]i/onode — | mgmt I
node A node B module
Vg
Viedtle
Satellite PIeCESSON
Controller
< |

Backplane Mgmt Interconnect

A
-~ ‘ teihtc B
atellite
chassis EAB (AB Coplilldy | PS || PS

<€ IPMI Messages

*Other brands and names are the property of their respective owners. © 2004 Intel Corporation. All Rights Reserved.
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Proprietary Products

= Common Products
— Dolphin SCI*
— Quadrics QSNet*
— Myricom Myrinet*

» Today’s Market
—Most of Top 100 are proprietary

— Cost is on par with Infiniband*, but less than 10 Gbps
Ethernet

intel.

*Other brands and names are the property of their respective owners. © 2004 Intel Corporation. All Rights Reserved.
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Comparison

Full Duplex HBA to HBA MPI (0 Byte) Bi-Directional Topology
Bandwidth Latency Latency Throughput
1 Gbps 12 - )
2 Gbps 10-30 ps 108 MB/s Varies
Ethernet! P H 300 ps
10 Gbps 12 - )
20 Gbps 10-30 s 850 MB/s Varies
Ethernet? P H 300 ps
Dolphin 2D/3D
SCps 5.3 Gb/s 0.5 s 1.4 ps 326 MB/s Torus
Myricom
. 4 Gbps ~0.5 s 6.3 us 489 MB/s Fat Tree
Myrinet*3 P K a
Quadrics
6.4 Gbps <lus 4-5 ps 325 MB/s Fat Tree
QsNet*4
Infiniband*® 20 Gbps 820 MB/s .
(60 Gbps) <05 HS <7 HS (uni-directional) Varies
Data obtained from web published information current as of the
> date of this presentation. Speeds and latencies may change.
intgl .
*Other brands and names are the property of their respective owners. © 2004 Intel Corporation. All Rights Reserved.

4)74:/ §> F*O)1:%Jﬂz1ﬁll Los Alamos

#1 128 node Dual-Xeon Pentium 4 Processor, GigE, 4G, IB-4X

Viz, Networking, SW Analysis, Applications g ‘ Discom - Remote
#2 128 node Dual-Xeon Pentium 4 Processor, GigE, 1G, Myrinet,
32 IB-1X, LinuxBIOS, BPROC H m

SW Analysis, 0S Analysis

#N Various 4-8 node systems. Heterogeneous.
Itanium2 & Xeon Processor, IBM, HP, etc.

=|/O & Blade
= Servers

128 IBA-4X

Servers

!!!!!!!!r!!!!!!!!!! HHHHHHEEHU R

Servers
128 x 4U servers

| I | ﬁniBan;
1 B,,

Direct Attached Storage

=y
|r|te|_ + Los Alamos s

*Other brands and names are the property of their respective owners. © 2004 Intel Corporation. All Rights Reserved.
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Scale-Up
(SMP, ccNUMA)

"-H_
A
SGl

64/512P = ——
NEC

32P

Unisys l

16P

Scale-Out

(Cluster)
.
Rack Saver \5‘ w
DP/1U HP
DP/2U HP IBM
4P/4U 4P/8P/16P

*Other brands and names are the property of their respective owners. © 2004 Intel Corporation. All Rights Reserved.




ERICHITHREER

N—RDOTF7 4275 YIrOTT 225
Mainframe Monolithic App
| SOLUTIONS
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| ﬁ;gi INTEL®

SOLUTIONS App Server
SERVICES

Web
Services
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AT avEa—T45ElF
The Modular Computing Data Center
=181k BEt

- BYROZRRIE S B VI - O—RKI\FVR

(IS\—TF4a=L4y) Manages Complexity o BEERE

= _ - BEIETE

« 8. /0, iy o3 « SW E#
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= Subject to Change /

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

= Intended Use /

— The Intel product(s) referred to in this document is intended for standard commercial use only.
Customer are solely responsible for assessing the suitability of the product for use in particular
applications. Intel products are not intended for use in medical, life saving, life sustaining, critical
control or safety systems, or in nuclear facility applications.
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