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HPC

1TFLOPS 47

500 195.8GFLOPS

PC

TOP500 PC 55
[tanium® 4

FLOPS IBM(31.8 )
HP(22.1%) NEC 14.6

MPP)
PC Pentium®4, Xeon™

RISC
[tanium® 2

Xeon™ [tanium®2
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Sparc  MIPS  Alpha

Xeon™

pPentium® Pr

Pentium® 11
Processor

Pentium® Processor

Intel486 ™DX CPU
Microprocessor

Microprocessor

1985 1989 1993 1995 1997 1999 2001

Page 3



/Gflop

1970-80s

Applications
Middleware
0s

Hardware
Architecture

30
/Gflop

*Other names and brands are property of their respective owners

Applications

Middleware

)

Hardware

chitecture

Applications and Solutions

1000's of software vendors, Systems Integrators,
and Service Providers

service
S"g"m OSCAR

Java*

Directory
MiddIewar(-:*Gl'OBuS services

Tools  100s of ISVs Da\abases

Microsoft, Unix, Llnux‘

Operating Systems
iy W, $ast

Systems

1/0
Systems N
Dozens of OEMs '"";‘é‘?g"d*
100 of Distributors Ethernet

Processors Chipsets
Itanium™ Architecture Intel chipsets
1A-32 Architecture 3rd Party chipsets
OEM custom chipsets

*Other names and brands are property of their respective owners.
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$19.0B
$1.6B(1)

intel

1: 2000 R&D spending for Intel, Microsoft, Compagq, Dell, HP, SGI & IBM; Source: 2000 Annual Reports

InfiniBand*
Rack
= R

PCTEXpress
GbE Chipset Memory

PO PO
Expre:

IBA SATA
Ports Lpc

usB2
3GIO E PCI

InfiniBand Cards Cards
Links
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Processors Memory
/

lnternal l/0 Storage Conn.

intel

InfiniBand is a trademark or registered trademark of Intel Corporation or its subsidiaries in the United States and other countries 11

DDR.IL &L DDR. Info

5 >2006

DDR-| 333, 400 DDR-II 400, 533, 600, 667 DDR-IIl 800, 1200
2.7GB/s-3.2GB/s 3.2GB/s-4.8GB/s > 6.4GB/s
0.18/0.16/0.13 micron 0.09 micron 0.065 micron
184-pin 240-pin 1.5-1.2V
2.5V 1.8v 8-bit prefetch
SSTL-2 SSTL-18 Differential Data Strobe
4 Banks 4 Banks/ 8 Banks? 1GB, 2GB, 4GB,
2-bit prefetch 4-bit prefetch >4GB
66 pin TSOP-II/FBGA Differential Data Strobe
256, 512, 1GB 60 balls FBGA
Post CAS, OCD
On-Die Termination
256, 512, 1GB, 2GB, 4GB

Reports Source: http://www.vr-zone.com/Home/news132/news132.htm#2129

intgl
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{H] |] |] [| [| PEITIMHE @ alain  32B1t133Mbyteisec
64Bit 266Mbyte/sec

I I PCIGEMHE 3 alzin 32Bit 266Mbyte/sec
64Bit 533Mbyte/sec

I I I I PCI-E GENHY & alats 32Bit NA bytelsec
64Bit 533Mbyte/sec

I I PCkX 10dMHs 7 slats 32Bit NA byte/sec
64Bit 800Mbyte/sec

I FCI-L 133MH2 1 szl 32Bit NA byte/sec
64Bit 1066Mbyte/sec

PCI-Express™ 1

Selectable Wi
X1, x2, x4, x8, x12, x16, x32

Ref. Clock «Ref. Clock

D —————
2.5Gbls

v v

g 9o1neq

ecuc

al 12X IBA, FD

16 GB/s regd

16X
8 GB/s . One 40Gb Enet, FD
One 40Gb FC, FD

PCIX

- 1 -
Dual 4X |B|m, FD Dual 10Gb lEnet, FD 4 ?52;5

Dual 10Gb IfC, FD

| PCIX

e | DDR
One 10Gh }Enet, FD | 2.13GB/s

|

One 10Gb FC, FD Dual UltragSCSF640

133 MHz
s

1X i 66MHz
500MB/s 512MB/s

33MHz
256MB/s

2004 2005

* Represents wire bandwidth only
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L7l e TuenT w b7

Time

PCI-X PCI-X 2.0 PCl Express*
* 32-bit parity = 32-bit parity e 32-bit CRC
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RDMA  zero copy

send/receive
VLs

Data
» 2.5Gb/s bandwidth 1x links
» 10Gb/s bandwidth 4x links
* 30Gb/s bandwidth 12x links
CPU

Databases S
(Linux) (Windows) Blades

Blade
*
HPC Apps DB2*& DI Optimized
(LSDYNA, 9iRAC* 9iRAC Data
Fluent, IBA o tl.B/.\ d Center
. imize
) Optimized 2 Applications
|
. Windows Windows Linux
Linux
. Stack Stack Stack fStack |
| B i
Intel Xec')':]f' » Intel I |
Xeo_n & Itani;m Xeon . InfiniBand |
Itanium = _ Processor | Blade
Processor rg;:zzo' Based Platforms |
Based Platforms .
Platforms Platforms

MPI/DAPL SDP
Rrotocols, Protocol

Page 9



InfiniBand* Architecture vs. Ethernet

—

\ InfiniBand* Arch Ethernet + TOE

| L Ve 0
100% 802.3ad

VLAN' ReqUire " i
HW

12X (30Gb) 2003 10 GbE TCP/IP 2004
100—200$ for 2*10Gb ports [2Gb TOE + memory =~200$
10Gb 1000%

VMI InfiniBand

LS-DYNA*

[7th International
LS-DYNA Users
Conference 2002,
Chaltas and Magro,
p. 18-7 (LSTC, 2002)]

2 4 6 8 10 12 14
Number of Processors

= q Single-processor run time
eedup = : c
P P Multi-processor run time

Page 10
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Transistors

(MT)

10

~2B Transistors

1.8}
(‘ 10,000

100,000

Itanium ®

=
(=
o

1,000

[
(=]

4 Pentium® Pro
486Pentium proc

100

Frequency

‘90 ‘00 '10

~30 GHz

GHz

/" 14GHz
6.5GHz
3 GHz

Itanium® proc
Pentium® Pro

/‘/486Pentium‘”‘ proc
’rQ

286 386

.30GH
1

1 {0

/s by 2010 (1)

1) Pat Gelsinger, Intel CTO, Spring 2002 IDF

HPC

Intel® Itanium™ 64-bit HPC

performance 2P,
4P, 8P, 8P+
high-end servers

HPC
SMP systems,
, 64-bit

high-end

4P, 8P, 8P+
rack optimized,
pedestal servers

Intel® Xeon™
32-bit HPC

32-bit
peer-to-peer

2p HPC
rack optimized,
pedestal servers

Intel® Pentium® 4
UP, DP

Rack, blades, low
power blades

peer-to-peer

HPC peer-to-peer

Java,XML...)

Page 12



ltanium®

°® [tanium®

Itanium” 2 ltanium" 2 Silicon Process

Processor Processor Montecito 0.18 um
(Madison & Deerfield) (Madison 9M) (Dual Core) 0.13 um
(1.5GHz, 6MB L3) (>1.5GHz, 9MB L3) 90 nm

Itanium® 2
Processor
(1 GHz, 3MB L3)

* Montecito

—90nm
—2005

intel

E P I C Explicitly Parallel Instruction Computing

L1l Cache

FPU

Pipeline
Control

Int RF

Multimedia Unit

CLK

L3 Cache
(3-4-6MB)

Page 13



EP'C Explicitly Parallel Instruction Computing

X Y Z
x x+1 X+2 x+3 X +4 X+5 X+ 6 X+ 7 X+ 8

3
41bitx3+5hit)

- MIl, MBB, MLILM.MI

For (i=0 ; i<100; i++)
{

Y
XA
7R
L IERXX
22 10/)7AN 0 &
2V,
7 ZN A%\
I T
AL AN
S
/'I"’A’

Page 14
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For (i=0 ; i<100; i++)
{

[tanium®  ltanium®2

[tanium® Itanium-2

2.1 GB/s 6.4 GB/s
64 bit

0
e

328 on-board

4 Integer,

EPIC EPIC
Itanium® 2 Itanium®

Micro-architecture

intgl. ~

...Itanium Itanium2
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Xeon™
Processor
(2.8GHz, 512K L2)

Xeon™
Processor MP
(2.0GHz, 1M L3)

Xeon™ (DP)

ilicon Proces
Xeon™ Xeon™ 2l ¥

=== RSSO Future 1A32 e
(Nocona) (Nocona 667) 013 um
(>3.0GHz, 1M L2) (>3.4GHz, IM L2) 90 nm

Xeon™ MP

MP

Silicon Procesis
Xeon™ Xeon™

Processor MP Processor Future 1A32 Yo i
(Gallatin) (Potomac) (Dual Core) -

(>2.6GHz, 2M L3) (>8.0GHz, >4M L3) 90 nm

Page 16
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® NetBurst™

—Superscalar architecture
—Out-of-Order

—SIMD

—-CPU

©
o
c
I
E
=
o
2
=
5}
o

Processor execution resources
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e Intel® Pentium® 4 Xeon™

Architectural State § Architectural State 2 CPU
(registers, flags, (registers, flags, Architectural state
R e . XAPIC,
, etc.
2
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Windows*

® Xeon™
® Jtanium®

OpenMP

! [
— Math Kernel Library Math Kernel Library
— BLAS, LAPACK, FFT's

— Integrated Performance Primitives

ar
Integrated Ferformance PFrimitives

— cblas interface

— Vtune™

intel http://www.intel.com/software/products/
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intel

SpecCPU2000

Itaniu 20

Pentium4

1400

1200
1000
800
600
400
200
0

Results published at. 12/25/02

Floating Point

(specfp_base2000)

1P Stream
(GB/sec)

Page 20

O Spec int2000
¢ fp2000

64P Stream

(GB/sec)
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Iltanium® 2 Processor and Intel® Xeon

Intel® Xeon™ Processor Various

GHz

New Better New
Industry

Industry
Record

™

Processor

Itanium®2 Processor 1

Best non-
Beats best
RISC clustered IA

result

87.7k  $5.32

77.9k

Intel
Xeon " MP
2.0 GHz

2P 2P 4P
Performance  Price /

apcc)  Performance (UEE)
($/TPC-C

1H'03

Intel estimates

0.69x

Sun IBM Intel 121 Sun

Usli*  Power4* Itanium® 2 Power4* USIII*

105GHz 1.3GHz Processor 1.5GHz 1.4GHz
1.5GHz

intgl

Price /
Performance (TPC-C)

Performance

—=$5.03
165K

Pentium®Ill !.

Xeon™ |
900 MHz §

i 32P 32P
Performance Price /
Performance

1H'03

SPECEp

Intel estimates

0.69x

Sun IBM Intel IBM
USIIlF  Power4* Itanium® 2 Power4* USIII*
1.05GHz 1.3GHz Processor 1.5GHz 1.4GHz
1.5GHz
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®|tanium® 2 IBM* Power4

Intel Advantage

~$175k*
1.0

IBM* pSeries 690 Intel® Itanium®2 IBM* pSeries 690 Intel® Itanium®2 IBM* pSeries 670  Intel®Itanium®2
Power 4 1.3 GHz  Processor 1 GHz Power 4 1.3 GHz  Processor 1 GHz Power 4 1.1 GHz Processor 1 GHz
(4 cores, 4 GB) (4 cores, 8 GB)

Results published at www.spec.org
Based on Intel estimates
Entry configprices published at , 4 cores, 4 GB system memory

tests and ratings are meesured sing specific computer systems ancllor components and reflect the approximte performence of Intel products as meesured by thosetests Any differencein
‘software design or configuration may affect actual performance. Buyers should consuit other sources of informetion to evalate the performance of Systems p ae
asing. For moreinformation on performance tests and on the performance of Intel products, reference; or call (U.S) 1-800-628-8686 or 1-916-356-

All products, dates, and figures are preliminary, for planning purposes only, and subject to change without notice.

Note: Xeon2.8G N9000 3.679GFlops

http://www.hpc.co.jp
http://w3cic.riken.go.jp
http://performance.netlib.org/performance

Page 22
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k[VMFLOPS [Maker [Machine [cCPU_ Jciock — Jcompiler  Joptions ]

| o 4isNec  [sx5  [10GFLops [s12smH |- [“Chopt' |
lvepsooo [o.6GFLops fsoomHz — |vep FoRTRAN['-04 Wy, -Me' |

| o wm|Nec |sx5  [wocriops fstesmw | e ]
312.5MH

5| 420 9.6GFLOPS
|6 4137 [FuaitsulvePs000 [9.6GFLOPS [300MHz
FUJI 300MHz VPP FORTRAN
| 8 amsNEC  [sx5  [sGFLOPS [250MHz
| d 370 [rusitsulvepeoo  [scriops  [2somiz VPP FORTRAN |"-04 -Mv_-Me"
| 1d 3701 [Fuarrsufversoo  |scrLops  [2somtz VPP FORTRAN ["-04 -Mv,-Me"
| 1] 356 [HITACHI[SR8000 _[8GFLOPS |
|12l sswnec  [sxs  lscriops fosowmz | e |
| 13 33w NEC [sx-5  [8GFLOPS | -
Y lvepsoo |scriops Iosomnz  JveprorTRAN-0ar ]
| 18 12 |Nec  [sxsisi [4GFLoPS [2somHz  fle0 [ |
| 26| o nec  [sxsisu [acriops fesomHz  freo [
751 veP7ooE [24cFiops |- JrormRAN+MR |

18 Self-made Pentium4 2GHz (1.8GHz 1 ) Intel C/C++ "-03 -tpp7"
19 Self-made Pentium4 2GHz Intel C/C++ "-03 -tpp7"
20 Self-made Pentium4 1.8GHz Intel C/C++ "-03 -tpp7"

intel

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

2002

. 1GFLOPS
* 1688.314MFLOPS
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Driving Industry Enabling Hardware

Enabling Software

Standards Vendors Vendors

-Linux Cluster Institute -Tyan*, Asus*, Celestica*
-Global Grid Forum
-Open MP

Enabling Obérating \“tﬂl

System Vendors

Ecosystapy

-HP/UX*

Enabling Cluster  Open Source Support
Y ET agem ent -Open Source Developer Network

-OSCAR* -Linux Bios
-Scali*

in
*Other names and brands may be claimed as the propert

CPU

—Itanium
—Xeon

-CPU
—PCI-Express
—InfiniBand*

Page 24

= MSC.Software*"Accelrys*,
] [ox

-Schlumberger*, Western
GECO |

-United Devices*, Avakit,
Datasynapse*

Enabling Network
Vendors

-Myracom *, Dolphin*, Qaudrics*

-InfiniBand*: Mellanox*, IBM*

Working with key

System Integrators
-Solution Blueprints
-Accenture, PwC Consulting,
Computer Sciences
Corporation

y of others.

2



