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ASCI White - 2000 Li ) ==
Lawrence Livermore National Laboratory OV | | S =
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2005

2003
1948 IBM 7094 Crav X1 APM
Manchr 1949 Cray 1 Intel Delta T3E ray G/L

- Baby Edsac\lo?’ 06 o \ 1015
v K ¥ | l l | l
¢ : ! I 1 1 I 1
‘ | Ohe OPS KiloOPS I\/I/egés /gaOFS\S Ter O/ PetaOPS

1964 1982 1988 1997

1976 1991 1996

1943
1951  cpC6600  Cray XMP Cray YMP ASCI Red Eafth
Harvard Pilot Ace

Mark 1

Simulator

Scalar to super scalar to vector to SMP to DMP to massively parallel to hybrid designs
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http://cofe.hdpu.edu.cn/cofe/UploadFiles/20041013171817616.jpg

BRRGET—XT93

Parallel Vector Processors (PVP)
— NEC Earth Simulator, SX-6
— Cray- 1, 2, XMP, YMP, C90, T90, X1
— Fujitsu 5000 series
Massively Parallel Processors (MPP)
— Intel Touchstone Delta & Paragon
— TMC CM-5
— IBM SP-2 & 3, Blue Gene/Light
— Cray T3D, T3E, Red Storm/Strider
Distributed Shared Memory (DSM)
— SGI Origin
— HP Superdome
Single Instruction stream Single Data
stream (SIMD)
— Goodyear MPP, MasPar 1 & 2, TMC
CM-2
Commodity Clusters
— Beowulf-class PC/Linux clusters
— Constellations
— HP Compaqg SC, Linux NetworX MCR
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WAN/LAN SAN DSM SM
S
Q SUPErcomputel k iitsy VPP NEC SX
g Cray X...T

GRID
Legion CRAY T3 Mainframes

— | Condor IBM SP2 .
© Beowulf Multicore
S SGI DSM WSs PCs
D NT clusters
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® Cray'l (1977) CRAY-1
(el — P - = :
_ 250 MFLOPS COMPUTER SYSTEM

— 80 MHz HARDWARE REFERENCE MANUAL
— 1 MWord (64-b|t) 2240004

« PC 8088 (1979)
— 5 MHz
— 1 MB RAM

* Modern PC (Pentium 4)
— 3.2 GHz (Dual Core)
— 12.8 GFLOPS
— 4 GB RAM

ZT—5T Lo RT LAk S


http://ed-thelen.org/comp-hist/CRAY-1-HardRefMan/CRAY-1-HRM.html

NINIVETE#

. CRAY:/Z%A@J’EE 1255%‘1@2115&5

 Los Alamos National Laboratory E)J{’E7l:|“/70)
« 1976 Cray-1 160 MFLOPS, 8 MB, 80 MHz =k

« 1982 Cray X-MP 200 MFLOPS, 118 MHz

+ 1985 Cray-2 1900 MFLOPS, 2048 MB, 244 MHz

« 1988 Cray Y-MP x*333 MFLOPS, 167 MHz

A5—S5TIVORT LA S



KEER

ACRI

Alliant

American Supercomputer
Ametek

Applied Dynamics
Astronautics

BBN

CDC

Cogent

Convex > HP

Cray Computer

Cray Research > SGI > Cray
Culler-Harris

Culler Scientific

Cydrome
Dana/Ardent/Stellar/Stardent
Denelcor

Encore

Elexsi

ETA Systems

Evans and Sutherland Computer
Exa

Flexible

Floating Point Systems
Galaxy YH-1

. Goodyear Aerospace MPP

. Gould NPL

. Guiltech
. Intel Scientific Computers
. International Parallel Machines

. Kendall Square Research

. Key Computer Laboratories

searching again

. MasPar

. Meiko

. Multiflow

. Myrias

. Numerix

. Pixar

. Parsytec

. nCube

. Prisma

. Pyramid

. Ridge

. Saxpy

. Scientific Computer Syste
(SCS)

. Soviet Supercomputers

. Supertek

. Supercomputer Systems
. Suprenum

. Tera > Cray Company

. Thinking Machines

. Vitesse Electronics

. Wavetracer

4
<

-

-
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The Pahntom Menace

2]
SUPERCOMPUTER SITES

1993-2000

430

400 +

22/06/2005

Processor Architecture / Systems

Others

N oyt e
- NIk ILETES -

" SIMD

[ Scalar

hitp://'www top500.org/
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Attack of the Clones

%@. Architectures / Systems

= Others

B sIMD

[l Single Processor
Cluster

|| Constellations
SMP

= MPP

2000-2005 95242 2FLOEE

430

400

340

300 4

250 ~

Systems

200

150 4

100

a0

22/06/2005 hitp /iwww t op.'illl : or(_.-"
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Beowulf 7Ok

e —— “ox)

‘774,'[;(5) WEE FTOW BEE edy-hE WD ALTH

;:: - |:::> - @ : E?Ij || http: Ao beawulf ore

& iFbihd> B |12

Beowulf.org |

Community =

v| ® = [CL

Overview - Archive : Tools =

Shortcuts | Mail Lists » GO > BeUWUIf.Org
Isa
collection of

resources for the expanding universe of users and designers of Beowulf class cluster

computers. These enterprise systems are built on commaodity hardware deploying Linux OS5
and open source software. More==

Topic Search | GO >

Copyright © 2004 Beowulf.org. All Rights Reserved. Sponsored by Scyld Software
Legal | Privacy Policy

Home | Overview | Community | Archive | Tools | Showcase

et

How to Build a Beowulf

Thomas L. Sterling

Daniel £ Savarese
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Wiglaf - 1994

16 Intel 80486 100 MHz
VESA Local bus

256 Mbytes memory

6.4 Gbytes of disk

Dual 10 base-T Ethernet
72 Mflops sustained
$40K

Hrothgar - 1995

16 Intel Pentium100 MHz
PCI

1 Gbyte memory

6.4 Gbytes of disk

100 base-T Fast Ethernet
(hub)

240 Mflops sustained
$46K

L

+ Hyglac-1996 (Caltech)
¢+ 16 Pentium Pro 200 MHz
+ PCI

¢+ 2 Gbytes memory

¢+ 49.6 Ghytes of disk

¢ 100 base-T Fast Ethernet
(switch)

¢ 1.25 Gflops sustained
+ $50K
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Sputnik: October 4, 1957
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The Empire Strikes Back

» 2002 5,120 (640 8 des) 500 MHz NEC
co =y " 5, -way nodes z
» IR aIL—3 - 8 GFLOPS per CPU (41 TFLOPS total)
e OAVEaI—RIHITH * 2 GB Memory per CPU (10 TB total)
RIT—bk=wo 399 " 20 kVA power consumption per node

. HW—=FUwdF=J3173ULATh

e, T o AOERE

g

ke

_VESm
A Fiyd

RREE
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Revenge of the sith
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HPC 1993-2005

500 Projected Performance Development

SUPERCOMPUTER SITES

10 PFlops
= #1
o #500
1 PFlops 4 = Sum
— #1 Trend
Line
100 TFlops § — #500 Trend
Line
— Sum Trend
10 TFlops A it

1 TFlops

AT L(TOvySE) 1.31E/F
100 GFiops LB JAatyYSitEREm £ 1.4/

F—%ILTERE 1.8f&/4
f * 2009 £ TIZ1RAFLOPS

My Desktop
1GFIDps—P95§/d
I a

100 MFlops +—+—+—+—+—+—+—+—+—+7++7+ v+ 7+ 71—+ 7T+ T T T T T T T T T T T T T T T T T T T T T T

Performance

ol =T u o - o o = — od o =T u o - o o = — ~d ol =T uw w -
o o o o o [=p] [=p] = = = = = = = = = = — — — — — — — —
o o o o o o o = = = = = = = = = = = = = = = = = =
— — — — — — — o~ o~ ol ~d ~d (o] o o o o~ o~ o~ ~d ~d ~d ~d ol (o]

22/06/2005

Jwww top500_org/
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USTOMZRFAE

FELETOTo Ik

USTDOZ<DRE-
— (2002) DARPA:HPCS

— (2003) DoD:IHEC

— (2004) NCO/NITRD: HECRTF
— (2004) DOE: HEC Reuvitalization Act THE FUTURE OF

§<®7OD:)17 I\&Ejﬁlﬁ(i~ HPCO)iﬁ SUPERCOMPUTING
L EFDBED=OHIZKE BTN
huly 75> THEAE

IBM BlueGene+°NASA Columbia 7
O xOMIETORE
FRITADTHRELTD ‘R—/3v—3
EaA—T42T’

=
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High Productivity Computing Systems /¢ N\

\

AN

Goal:

Provide a new generation of economically viable high productivity computing
systems for the national security and industrial user community (2009 — 2010)

Impact: hnawf"fw& ‘“‘S::Smem
® Performance (time-to-solution): speedup critical national indus D
security applications by a factor of 10X to 40X E,?:,“:dgt:::,l'.:é;'g; e 03

® Programmability (idea-to-first-solution): reduce cost and Hardware

. . . . . System Technology
time of developing application solutions Architecture  gonare

® Portability (transparency): insulate research and L
operational application software from system

® Robustness (reliability): apply all known techniques to
protect against outside attacks, hardware faults, & HPCS Program Focus Areas
programming errors

In dus try R&D
Anajve: ment
¥sis & Asse 55

Applications:

® Intelligence/surveillance, reconnaissance, cryptanalysis, weapons analysis, airborne contaminant
modeling and biotechnology

Fill the Critical Technology and Capability Gap

Today (late 80’s HPC technology).....to.....Future (Quantum/Bio Computing)
2AT—S5T AT Lk
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AEYRERE DRI ZERZE

Annual Typical value Typical value Typical value
increase |in 2005 in 2010 in 2020
Single-chip s \
floating-point 59% 4 GFLOPI/s 32 GFLOPI/s 3300 GFLOPI/s
performance \_/
Front-side bus 2304 _103\éVord/s 3.5 GWord/s 27 GWord/s
bandwidth - = 0.11 word/flop  =0.008 word/flop
word/flop

Source: Getting Up to Speed: The Future of Supercomputing, National Research Council, 222 pages,
2004, National Academies Press, Washington DC, ISBN 0-309-09502-6.
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i 51 51 F 4% T 8l

Annual Typical value | Typical value
increase(%) | in 2005 in 2010 in 2020
No. of 20 4,000 12,000 74,000
processors
General 65(=0.03 260(=0.008 2,600(=0.008
DETmelelln 26 word/flops) word/flops) word/flops)
(Mword/sec)
General 2,000 (=4,000 @280 (=9,000 200 (=670,000
(28)
latency (nsec) flops) flops) flops)

Source: Getting Up to Speed: The Future of Supercomputing, National Research Council, 222 pages,
2004, National Academies Press, Washington DC, ISBN 0-309-09502-6.
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1 RAFLOPSHEF £t~

TOP500) A COMEEEBEDA—REHET EEVSRETT
BLI- B A DS RLEEDTE, N=1E. SR R T LD
#.SUMTIL. TOPS00YRARDEL AT LDEZERLTULNVET,

10 Eflops

1 Eflops

100 Pflops

10 Pflops

1 Pflops

100 Tflops

10 Tflops

1 Tflops

100 Gflops

10 Gflops

1 Gflops

1o0 mMflops —+—+—+—+——+——+——+—+-—+-+—+—+—+—+—+—+—+—+—+—+—+—+—++—+++
1993 1995 2000 2005 2010 2015 2020 2023

Courtesy of Thomas Sterling
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General purpose
architecture capable of:

HPCS Program Goals &
The HPCchallenge Benchmarks

Subsystem |
Performance Indicators
1)2+ PF/s LINPACK

2)6.5 PB/sec data STREAM
bandwidth

3)3.2 PB/sec bisection
bandwidth

4)64,000 GUPS

s =

I
@ Spatial Locality

|—
o
=

RandomAccess

+

t o+

+ + Mission
Partner
Applications

+

PTRANS
= STREAM

High

Temporal Locality Low

B O — BN GEER Y FI— (L, TIUr—a bt

EHMICHERAGZOMN?
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Petascale~D i KNDERE

g HPCYRT La—
. e Terascale®RE
DreiklL. AT EE
% . Petascale® [H]
REDFEARIZIE,
Memory Wall” ?
E:.)ﬁ ML (L=h

¢« JYZ <0)7EI‘|2J
*fé‘—ﬁlh LT.&EE
Ij:é‘ﬁﬂﬁ,“é:u%
=2OAHFEDERER
LIHE
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64 bit architectures

2000 2001

.ﬁﬂj’%ﬁﬁm @D §

Hypre

DARPA HPCS
Program begins

2002

Multi-core chips

2003

Sony, Toshiba, IBM C
256 Gflop/s (26 Gflop/s [

2004 2005
Seven Springs XVI

Bh‘[ B]lILrL ne/L

IBM BG/L

131,072 processors
So far 64K procs
135 Tflop/s Linpack

Tightly-Coupled Heterogneous
System 20067?
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http://www.llnl.gov/CASC/hypre/software.html
http://images.google.com/imgres?imgurl=http://www.amd.com/us-en/assets/content_type/DigitalMedia/dualcore_hires.jpeg&imgrefurl=http://www.amd.com/us-en/Corporate/VirtualPressRoom/0,,51_104_572_573%255E11210,00.html&h=471&w=388&sz=47&tbnid=DzmxgR2P8UwJ:&tbnh=124&tbnw=102&hl=en&start=1&prev=/images%3Fq%3DMulti-core%2Bprocessors%26hl%3Den%26lr%3D%26sa%3DN
http://images.google.com/imgres?imgurl=http://www.cacr.caltech.edu/News/cascade0703/darpa-hpcs.gif&imgrefurl=http://www.cacr.caltech.edu/News/cascade0703/&h=168&w=266&sz=6&tbnid=5FAiiGrcg_IJ:&tbnh=68&tbnw=108&hl=en&start=1&prev=/images%3Fq%3Ddarpa%2Bhpcs%2B%26hl%3Den%26lr%3D%26rls%3DGGLD,GGLD:2004-36,GGLD:en

SRDOFERLFRE

A New Hope
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Percent

7o

a0 -

40 |

30 -

20 -

10

Linux Adoption in HPC

JUun-97 Nov-97 Jun-98 Nov-98 Jun-99 Nov-99 Jun00 Nov-00 Jun-01 Nov01 Jun-02 Nov02 Jun03 HNov-03 Jun-04

'
\-._h.:: MARIAN CERMAN

Al

Top500 Extreme Linux Report Jun4-A
Pete Beckman <beckman@mcs.anl.gov=

i) inUX Machine =l=2%Linux Performance




m@ Operating System / Systems

Others
800 —remp || BSD Based
Linux
I Unix

22/06/2005 http :.-"-"mw.top.'ilillil;org-'
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IBM Blue Gene X7 L

& }’ :
)

 LLNL BG/L

— 360 teraflops

— 64 racks
e 65,536 nodes
e 131,072 processors

e Node

— Two 2.8 Gflops processors
e System-on-a-Chip design
e« 700 MHz

* Two fused multiply-adds per
cycle

— Up to 512 Mbytes of
memory

— 27 Watts
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Large Government Lab

Avielale dl (€ .llll.l C v U BT — 4090 ode
« Application:
— High Performance el
Super Computing Core il prm( g —I —I prm( prm( |
Cluster Fabric
e Environment: 2048 uplinks
— 4096 Dell Servers (7mH10m/L5m/20m)
— 50% Blocking Ratio . coe
— 8 TS-740s ek I 256x TS120
— 256 TS-].ZOS 24-ports each
e Benefits: cee
— Compelling
Price/Performance 8 8
— Largest Cluster Ever Nodes) Nodes)
Built (by approx. 2X) \— ~ _/
— Expected to be 2nd 8192 Processor
Largest 60TFlop SuperCluster

Supercomputer in the
world by node count
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uP

/

uP

GP

FPGA
SGIl — Heterogeneous
Architecture cell 1 [ Cell 2
Sense Amps Sense Amps 0- b
& ell 3 Cell 4

Memory | |Memory ot

Stack Stack N

Sense Amps Sense Amps e” 5 Ce” 6
Node Logic ell 7H{ cell 8
Sense Amps Sense Amps
Memory | |[Memory i
Sk Stack Cell Processor — IBM, Sony, Toshiba
Sense Amps Sense Amps

Heterogeneous Computing on Silicon
Microprocessor with PIMs
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A, HmBLEE, —RICEADERT-IIEEZHRETT . REITODSIA.
BREZEZELFET,

In general, the name of the company and the product
name, etc. are the trademarks or, registered trademarks
of each company.

Copyright Scalable Systems Co., Ltd. , 2005.
Unauthorized use is strictly forbidden.
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