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HPCHbLHPMS (High-Performance Modeling and
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Cray VAT L

¢ Cl‘ay—l (1977) CRAY-1
— 250 MFLOPS COMPUTER SYSTEM®

— 80 MHz HARDWARE REFERENCE MANUAL
— 1 MWord (64-bit)

. PC 8088 (1979)

— 5 MHz
— 1 MB RAM

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

http://ed-thelen.org/comp-hist/ CRAY-1-HardRefMan/CRAY-1-HRM.html
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High Performance Computing
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:Linpack

(MFLOPS

— UNIT = 10%%6 TIME/( 1/3 100%%3 + 100%%*2 )

TIME UKLT

H=100 micro-

EBCE. E8eE.
KCAR e 040 0,14
LASL Y, ::.*f 148  0.43
NCAR 4,5%.192  0.56
TASL 2,27 210 0.61
Argunne 2.3} 297 0.86
CAR A& 0359 1.05
Arpanne h? .BEE 1.33
NASA Langley  ':%9 4B9  1.42
U. I1l. Urbana \5# 506 1.47
LLL iy . 554 1,61
SLAC i19 .579 1.69
Michigan ] 07.631 1.84
Toronto « 723 890 2.59
Horthweatern #?71.&-’!1 4.20
Texas =5$¢1.93 5.63
China Lake » 9528-1.05%  5.69
Yale _-1&52.59 7.33
Bell Labs J97 3.46 10.1
Wisconsin AF73.49 10.1 .
Iowa State i 3.54 _10.2
U. I11. Chicago #%4.10 11.9-
Furdue #H 5. 69 16.6
U, C. Ban DlegﬂﬂﬁrﬂE 1 38.2
Yale- (Wnl?.1¥F  49.9

* TIME(LO0) =

Computer

CRAY-1
CDC 7600
CRAY-1

cnc
IBM
cbe
IBM
(HM K
CLG
chc
I1BM

7600
3707195
7600

3033
Cyber 175
Cyber 175
7600
370/1638

Amdahl A470/Vé
IBM 370/165
chec G600

CDhC 6600
Univae 1110

TDEC KL-207

Honeywell 6080
. Univae 1110

Ttel AS/5 mod3 D

IBRM 370/158
CDC 6500
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v
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Burroughs 6700 8
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CFT, Assembly BLAS
FIN, Assembly BLAS
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Ext. 4.6

CHAT, H¢ optimize

Il Ext., Fast mult.
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H Ext., Fast mult.
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1979 #Z#DRAM 1999:200 MHz SDRAM 1979—1999
16K bit 256 Mbit X 16000
1-bit wide interface 16-bit wide interface X 640

5 Mb/s uniform access BW 3200 Mb/s uniform access BW X 500
2 Mb/s random access BW 1000 Mb/s random access BW X 25
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The Pahntom Menace

&
% Processor Architecture / Systems

1993-2000

300

450

400 4

o Rob Lt E#O

Others
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[ Scalar

22/06/2005 http ://www top500.org/
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Episode V

The Empire

Sputnik: October 4, 1957

2r—5T AT LTS




RNIOMIVETERED i EE

e 2002

o Bk ASL—4

e OAVEA—ARIZHITHS
AT—h=wHi vy

N=FUwdF=TJ3173UATh

B, BET AVERE
B/ — RG20MS) e SN S e

RREE

RT—FT IV AT LAK%R &4t




HPC () FE 5

Attack of the Clones
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Wiglaf - 1994 Hrothgar - 1995
16 Intel 80486 100 MHz <+ 16 Intel Pentium100 MHz ¢ 16 Pentium Pro 200 MHz

VESA Local bus + PCI + PCI
256 Mbytes memory ¢+ 1 Gbyte memory ¢+ 2 Gbytes memory
6.4 Gbytes of disk * 6.4 Gbytes of disk *+ 49.6 Ghytes of disk
Dual 10 base-T Ethernet ¢ 100 base-T Fast Ethernet ¢ 100 base-T Fast Ethernet
72 Mflops sustained (hub) (switch)
$40K ¢ 240 Mflops sustained ¢ 1.25 Gflops sustained
¢ $46K + $50K
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« HPCY— ’T\JF’CODHPC/XTA%é&U%m&v
RDIDDET AR NTLNS
— —f&E AL X T L ( Commodity-based systems)
o —fEDITRRL R T L (Dell HPCCEE)
— {Thnff{E L R T L ( Value-based systems)
« Z{MSMPHNUMAL X7 L (SGI Altix%2 &)
— %7 B #9 XT L ( Purpose-built systems)
o TN —a  bBITRRICEDE =V AT LKET(IBM
BlueGene/L%: &)
* IDCIHFEDLHR—FTH, —BBERAVATLDHPC
I— IR TOEANE>ELZFDHEMNKEL
— fIIR{E S RT LDRE (— B H AT LEDFHS ISR

g ORI, BLLIE M= D FHORHE-RIRX7r—)Lay
Ea—742%)
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‘) kI 7 :The Law of More...

« MIERAIL. KYZLDEFE (More Time)ZY Ik
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- BIREIL XYL (More Complex)IZiY ., FL
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Gauss Seidel O(N>2log(N)) |
Optimal SOR O(N*3log(N)) Vau=f |¥1po
CG/MILU O(N75log(N)) )
F-cycle MG O(N)
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IN—KFDOITF70)RERE /2 ——
Moore’s Law: L—7 D& H| g\ |

c AVTILOHRRBRIADIATHSD Gorhbﬁ/
Moore Tﬁ}:l:h\ L 1965F4H19HED
[Electronics IS [SigisLr-. T—EEIEIS
SESNBSOORA0H L1220 A THEE

L. ENITHNNS DX IDBNMERE AR £
Dr. Gordon Moore Té]tb\j% EI] (%O)1ﬁ 1975":"“ Moore

(co.-founder of Intel) Tﬁj: (XFv2 @*ﬁ%'ﬂ:’&%ﬁé LTko2 /Zg
BDBIFER—RZ240BITIELE)

@ sy
z Bl , / 71> :| \ /%
N A T O

3

et IR (AR EEAIL . LN EDAGEE ST
| LIsF B El3TES

http://www.intel.co.jp/jp/developer/technology/silicon/mooreslaw/index.htm
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http://www.intel.co.jp/jp/developer/technology/silicon/mooreslaw/index.htm
ftp://download.intel.com/research/silicon/Gordon_Moore_ISSCC_021003.pdf
ftp://download.intel.com/research/silicon/Gordon_Moore_ISSCC_021003.pdf

Integrated Circuit Complexity

Transistors

Per Die
1 10_
D @ 1965 Actual Data 16 26 5o
10°- = MOS Arrays A MOS Logic 1975 Actual Data 256M >12M
108- 1975 Projection T Itanium™
Memo 16M Pentium® 4
107- 4M Pentiume 11
A Microprocessor M Pentium®ll

6 ium®
10° - 256K e Pentium

5_] 64K a0 aTM
10 8 5265 1386
104- " .~ 8086

1K, >
103_ | 080
J/ 4004

102 L—7 DEA ARAELTER?
101 -
100

1960 1965 1970 1975 1980 1985 1990 1995 2000 2005 2010

Source: Intel
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|IEEE International Electron Devices Meeting:IEDM) [ZFH
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10GHzEREID T Oty U MN2005F £ TICERA[RE=EH KL
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3.8GHz (Intel Pentium 4)&%>TULVET,
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Third Technology
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<2 instructions / cycle
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<1 instruction / cycle
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Pentium 4 and Xeon Architecture with HT

Pentium 4 Architecture
Trace Cache

Pentium Pro Architecture
Speculative Out-of-Order

Era of
Pentium Architecture Instruction
ST SEEES Parallelism

1985 1990 1995 2000 2005 2010

Johan De Gelas, Quest for More Processing Power,

AnandTech, Feb. 8, 2005.

http://www.anandtech.com/cpuchipsets/showdoc.aspx?i=2343
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A New Hope
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IOy HEVryNMIERBE ARG C L) (X,
EthernetDEEELLE., ITA2IIIZHLTHKEL
AN\ eb-bLET,

— Multicore Processing: Disruption or Distraction for the IT
Infrastructure?, Vernon Turner, IDC, November 18, 2004.
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— Readying Applications for New Server Technologies,
Martin Reynolds, Gartner Research, April 12, 2005.
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Episode VI

Return of the Jedi
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“I think there is a world market for maybe five
computers.”

« Thomas Watson, chairman of IBM, 1943.
“There is no reason for any individual to have a

computer in their home”

« Ken Olson, president and founder of digital equipment
corporation, 1977.

“There are only about 100 potential customers
worldwide for a Cray-1"

« Seymour Cray, 1977.
“640K [of memory] ought to be enough for
anybody.”

* Bill Gates, chairman of Microsoft,1981.
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"The best way to predict future is to invent it."
Dr. Alan Kay, President of Viewpoints
Institute, Inc.,
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All Servers Worldwide

2004

2003 to 2006 2005 to 2006

CAGR CAGR
Total Factory Revenue($B) $46,149 $49,146 $51,268 $52,251] 4.2% 1.9%
Units Shipped(same as nodes) 5,278,222 6,307,484 7,050,099 7,472,649 12.3% 6.0%
Processor Dies Shipped 8,662,823 10,134,624 11,712,766 12,779,159 13.8% 9.1%

. . 2003 to 2006 2005 to 2006

HPC Technical Servers Worldwide 2003 2004 2005 2006 CAGR CAGR
HPC Server Revenue($B) $5,698 $7,393 $9,208 $10,030 20.7% 8.9%
IR (RIS I (LT $5,128 $6,654 $8,287 $9,027  20.7% 8.9%
enterprise)
Node Units Shipped 411,327 734,510 1,215,735 1,419,221 51.1% 16.7%
Processor Elements Shipped 1,002,905 1,657,827 2,681,079 3,351,843 49.5% 25.0%
HPC As A Ratio Of All Servers 2003 2004 2005 2006
Revenue($B) 12.3% 15.0% 18.0% 19.2%
Adjusted Revenues(Apples-to- 11.1% 13.5% 16.2% 17.3%
apples)
Units Shipped(Nodes) 7.8%) 11.6% 17.2% 19.0%
Processors Shipped 11.6% 16.4% 22.6% 26.1%

Source: IDC 2007
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Breaking the 1-2K nodes Barrier ! (\ \
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