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1880 7 13

Herman Hollerith  punch card

1888

Hollerith

1890 2

1896  Hollerith, Tabulating Machine
1911 4 CTR Computing
Tabulating Recording) Fairchild

1924 IBM
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. 51944
IBM
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. 2000

* http://www.rieb.kobe-u.ac.jp/riebcomp/history/gallery.html
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http://www.rieb.kobe-u.ac.jp/riebcomp/history/gallery.html

. 1943/2/24

10

—  http://www.lib.kobe-u.ac.jp/das/jsp/ja/ContentViewM.jsp? METAID=10030452&TYPE=IMAGE FILE&POS=1
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http://www.lib.kobe-u.ac.jp/das/jsp/ja/ContentViewM.jsp?METAID=10030452&TYPE=IMAGE_FILE&POS=1

http://dept.physics.upenn.edu/~pcn/
Course/250/Week.of.04.04?C=M%
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http://dept.physics.upenn.edu/

s00 Moore’s Law

SUPERCOMPUTER SITES

1 PFlop/s
BlueGenel/L

Earth Simulator ¢

1 TFlop/s

1 GFlop/s

1 MFlop/s

1 KFlop/s

C1
EDSAC 1

1950 1960 1970 1980 1990 2000 2010

Moore’s Law: y~1.587%; This curve: y~1.608%

25th List / June 2005 www.top500.org
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Column in HPCwire Japan
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1960

— CDC6600 1BM360/91 ILLIAC IV

Intel AMD
—IBM Main Frame (1964)
— Moore (1965)
— Flynn (1966)
— Amdabhl (1967)

— Tomasulo 1969



1960’s In Japan

» OKITAC-5090 (1961)
* Transistors + Diodes +
core memory

.- _ _ http://museum.ipg .or.jp/computer/dawn/0037.html
* Floating point (decimal 1O+25J

— Add/sub 0.4 ms
—Mult  49ms (peak 0.4 kFlops)
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http://museum.ipsj.or.jp/computer/dawn/0037.html

1960’s In US
+ CDC6600 IBM System/360

e Contract with DARPA
for the ILLIAC IV

Pictures from Wikipedia
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1960’s

Japan USA
« FACOM 270 * Moore’s 15t Law (1965)
« HITAC 5020, 8000 * Flynn’s taxonomy (1966)
« TOSBAC 3400  Amdahl’s Law (1967)
* NEAC 2200 * |IBM 360 model 91 (1967)
 MELCOM 3100, 9100 « IBM 360 model 85 (1968)
* OUK 9400 * Intel founded (1968)
 FACOM 230-60 * |BM 2938 array proc.

(1969)

CDC7600 (1969) 5 MFlops
« AMD founded (1969)
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1970

. Cray-1(1977) FACOM 270-75 APU
HITAC 180 IAP



(1970's)

Japan USA/Europe

1970 FACOM 230-75 1970 IBM System/370

1971 CDC STAR-100 announced
1977 FACOM 230-75 APU 1972 Goodyear STARAN
1978 HITAC M-180 IAP 1974 DAP, BSP and HEP started
1978 PAX project started 1975 ILLIAC IV operational
1979 HITAC M-200H IAP 1976 Cray-1 shipped to LLNL

1979 MELCOM COSMOIII 1976 FPS AP-120B
IAP 1977 Siemens SMS-201
1981 MITI Supercomputer 1979 HEP single processor
Project started( 89) operational

(green: parallel architecture) (red: vector architecture)
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SC

1. Cray-1 1 1977

2. Cray Research

3

3. FACOM 230-75 APU (first Japanese vector)
FACOM 230-75

4. HITACH IAP (1978)
5. NEC ACOS1000 IAP (1982)
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1 1980

— Lax Report (1982)



1st Generation (1H of 1980°s)

Japan
1980 PAX-32
1981 MITI Supercomputer
Project ( 89)
1982 Fifth Generation Project (  92)
1982 NEC ACOS-1000 IAP
1982 HITAC M280H IAP

1983 HITAC S-810/20 (630 MF)

1983 FACOM VP-200(500MF)
1984 PAX-64)

1985 FACOM VP-400 (1.142 GF)
1985 NEC SX-2 (1.3 GF)

2015/5/25 SS

US/others
1981 CDC Cyber 205
1982 Cosmic Cube Project
1982 Cray X-MP/2 (420 MF)
1982 Alliant FX/8 delivered
1982 HEP installed

1983 Encore, Sequent and TMC
founded,

1983 ETA span off from CDC

1984 Cray X-MP/4 (820 MF)

1984 Legend group in China started
1985 Convex C1

1985 Intel IPSC/1, T414, nCUBE/1,
Stellar, Ardent

1985 Cray-2 (1.952 GF)
1986 CM-1 shipped
1986 FPS T-series

2015 18



SC

(256MB vs. X-MP 32MB)

Cray X-MP

© 00N o Ok WD
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o DOE DOD
NASA

CPU
* Lax Report (1982)

— 5 NSF centers in 1985-6
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2nd Generation (2H of 1980°s)

Japan

1987 HITAC S-820 (3 GF)
1989 FACOM VP2600 (5 GF)

1990 MITI Supercomputer
Project ended

1990 NEC SX-3 (22 GF)
1990 QCDPAX completed

2015/5/25 SS

US and Europe etc.

1986 “863” Plan in China

1986 Manheim Supercomputer
seminar (=1SC)

1987 ETA-10 (10 GF)
1987 CM-2

1988 Cray Y-MP (2.66 GF)
1988 Intel ipsc/?2

1988 First Supercomputing
Conference in Orlando

1989 ETA shut down, JvN SC shut
down

1989 BBN TC2000 szrias SPS-2,
Meiko CS, NCube

1990 Intel ipsc/860, MasPar MP-1

2015 21



Amdahl
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1987-8

* Cray Research (Cray-1, X-MP):10 8
 ETA (ETA-10): 1

» Hitachi (S810):15 9

 NEC (SX-1/2):7 2

* Fujitsu (VP-50, 100, 200, 400):36 23

http.//www.hpcwire.jp/archives/6867
HPC 50 26 1987 (a)
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http://www.hpcwire.jp/archives/6867

e 1985/9: Plaza
e 1985: NCAR

VP-200

— 1985/6
— 1985/8
— 1986/9/2

2015/5/25

(G5)

S-810

SX-2
Cray-2

2015

5

1985

SX-2

20%

24



HARC)

* HARC SX-2
— 1986 HARC SX-2

— HARC (Houston Area Research Center)
4



(1/2)

« MIT (1986)
— (VP-200) (SX-2) Cray CDC
—1986/10 (HNSX) 5
950
— DOC MIT

— HNSX



(2/2)

* BYU

— Brigham Young
HNSX CRI
2

—1987/10



—-1987 6 28
13
— 1986 8

-6 30

— 2014

11



—1987/9/22 ETA10
- OS Unix
— 1988 3 22
— Unix
— 1987/9/28:
20 10

— Cray X-MP/2 3
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—1989/7/14
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(Super 301)

« 1988

Competitiveness Act of 1988)
301

) 3

— 1989

301
1990 4 19
1

2015/5/25 SS 2015

(Omnibus Trade and

31



3 1990

(HPCC, NII)



3rd Generation (1H of 1990’s)

Japan
1992 RWCP started
1992 CP-PACS started
1993 Fujitsu NWT
1993 Fujitsu VPP500
1993 HITAC S-3800 (32 GF)
1993 NEC Cenju-3
1994 Fujitsu AP1000
1995 NEC SX-4

2015/5/25

USA/Europe

1990 MasPar MP-1

1990 Intel iPSC/860

1991 HPCC started (-96)

1991 Cray Y-MP C90 (16 GF)
1991 Intel Paragon, TMC CM-5
1992 FPS bankrupt

1992 MasPar MP-2

1993 Top500 started

1993 HPCN started ( 2001)
1993 Cray T3D, CS6400, nCUBE2, KSR1
1993 SSI shut down

1993 IBM SP-1

1993 Cray-3

1994 SP-2

1994 TMC, KSR Chapter 11

2015
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3

1. Hitachi (S3800)

Shared memory vector parallel processor
using ECL technology

2. Fujitsu (VPP500)

Distributed memory vector parallel proc.
using GaAs as well as silicon tech.

3. NEC (SX-3)
Cluster of shared memory vector parallel
Unix as host OS

4. No action to “Attack of killer micros.”(SC90)

MPP

2015/5/25 SS 2015 34



3 (1990 )

. . Cray Y-MP, C90 and Convex C2

&

e Performance of COTS CPU’s was increasing drastically
e custom CPU - commaodity CPU chips
& ventures company - big companies (IBM, Cray, Intel)

HPCC, NI, HPC Act 1991

— Blue Book (1991/2, G.W.Bush)

— “Grand Challenges: High Performance Computing and
Communications”

— The High Performance Computing Act of 1991
 Petaflops | in Pasadena (1994)

2015/5/25 SS 2015



—IBM  SP1(1993)
—Cray  T3D (1993)

— 1980



¢ 1992  FPS

» 1993/8 Thinking Machines  Ch. 11
1994/8

« 1994/12 KSR  Ch.11

« 1995/3 Cray Computer (GaAs) Ch.11
11

* 1995/9 Convex Computer  H-P
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5/18 HPCwire.jp

* VP2600 1991 10
— VP2600 MECCA

— Cray Research

— Rollwagen

(1992/1/9)
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1992 4 21
o 11

SX-3/24R

1992 7

10 7
1993 3



* 1993

11

11



A

(1996

— ATM

1990

2000)

LAN

CMOS

CMOS

IP



A

ASCI Project (1995 )
— LANL, LLNL, SNL

_9 3 Red (1+), Blue (3+), White (10+), Q
(30+), Purple (100+)

Cray Research SGI
PITAC (1:1997-2001, II: 2003-2005)

PACI (1997-2004)
Petaflops Il in Santa Barbara (1999)



4th Generation (2H of 1990°s)

Japan

1995 Fujitsu VPP300
1996 cp-pacs completed
1996 Hitachi SR2201

1996 Fujitsu VPP 700
1996 Fujitsu AP3000
1997 NEC Cenju-4
1998 Hitachi SRE8000
1998 NEC SX-5

2015/5/25

USA/Europe/China

1995 DOE: ASCI started

1995 Cray T90 (57.6 GF)

1995 Cray Computer bankrupt

1996 Dawning in China started

1996 Cray T3E

1996 Cray Research merged into SGI
1996/10 Serymour died

1996 nCUBE merged into Oracle

1996 MasPar went out of HPC

1997 ASCI Red (Intel)

1997 NSF: PACI started (NCSA & NPACI)
1998 Cray SV1 -

1998 ASCI Blue Pacific (I_BMg

1998 ASCI Blue Mountain (SGI)

SS 2015 43



Japanese machinesin Top 20

9306 (9 311|9 460/9411 |9 560|9 511|96 6 |9 611|9 760 9 860|9 811|199 6 |9 911|0 060j00 1 |0 160j0 111

T [l T N Toda cpp

NWT NWT NWT cp-p

Todai NWT

BHIWIN |-

Todai cp-p
AN AP ATP kex kex WRER) | Todai LRZ [l Todai

Jaes Nec Tsuk asuk N JAERI Todai cp-p

7 AES Riken Riken JAER! [ <<

8 I < -ECM

9 N=ol [

10 Hitach Hitac [ N=c Ec™

11 Todai Todai [l sAER stutt

12 N=ell | [VNoN ECMWLRZ Osak
13 Toho | INIEGEGENGGEGEN Todai [

14 B AP Ge e JARR KEK

15 AES Tsuk ISS Nagoy Kyoto |

16 N=olliad | | e ECM

17 Toho Toho | e ¢ NeCc Kkyus TAC 1SS [ 1o LRz
18 AES Toho NI ss oOsaka ke AES cp-p wva I
19 Mvs A AP I osaaBRE) ECMW FZJ KEK
20 MS I Tsuk I stutt
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* QCD-PAX, NWT, cp-pacs, GRAPE, ES



A
e 1996 NCAR

— 14 190 SX-4 VPP/700

-5 20 SX4

— David Obey
a)

b)
— SX
-7 29 Cray Research

—1997/8 NCAR SX-4

— 1997 NEC 454%
313.54%

2015/5/25 SS

2015

ITC

173.08%
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5 2000
- 2002, 35.86 TF

— “Computonik” (J. Dongarra)
. 2

2015/5/25 SS 2015
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S

ASCI (DOE)

— White (2000, 4.9), Q (2002, 7.7 )
— Blue Gene/L (2004, 70.7->415.7)

— Red Storm (2005, 15)

DOE High-End Computing Revitalization Act of 2004
and 2005

HPCS (DOD)

— Phase | (2002) IBM, Cray, Sun, H-P, SGI
— Phase 11 (2003) Cray, IBM, Sun

— Phase Il (2006) Cray, IBM

TeraGrid (2001 10, NSF

— NCSA, SDSC, ANL, Caltech, ...

Exa Flops plan starts in 2004/10



S

2 2001 2005
—IT e-Japan
2002, 36)
2004/4

PRIMEPOWER HPC

2001
NAREGI project (2003-8)



Fifth Generation (1H of 2000)

Japan
2001: NEC: anti-dumping customs
cleared
2001: Fujitsu PRIMEPOWER 2000
2001: NEC SX-6
2002: Earth Simulator 40TF

2002: Fujitsu PRIMEPOWER
HPC2500

2003: NEC SX-7
2004: NEC SX-8
2004: Hitachi SR11000

2015/5/25 SS

US/Europe
2000: Tera became Cray

2000: SGI: Origin 3000

2000: ASCI White (LLNL, IBM) 12 TF
2001: NSF: TeraGrid stared

2002: ASCI Q (LANL, HP) 20TF
2002: DOD: HPCS started

2002: Cray (NEC) SX-6 to ARSC
2004: NASA Columbia (SGI) 64TF
2004: BlueGene/L at IBM 90TF

2004: “The Path to Extreme Computing”
conf. (to Exa)

2005: BlueGene/L (360TF)

2005: ASCI Red Storm (SNL)
Cray XT3/XT4

2015

50



0 2000

— 12K, PACS-CS, TSUBAME, ES2 etc
— DOE NSF DOD

— 2009, 0.563 A 2010, 2.566 P, Top)
— 2  2013/6, 33.86, Top)
—2015/4



0
+ 2005/6

« 2005/7

— 0.5P 1P 20P

- 21
« 2005/10
» 2006/1
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0

2007/3
2007/4

2009/5
10P

2009/7 5

2009/11/13

2009/12 HPCI

2011/6 8.162 P

2011/11 1051P Gordon Bell
2012/9



0
T2K Open Supercomputer

— 2006 2008
PACS-CS

TSUBAMEL.0 (2006), 1.2 (2008),
2.0 (2010)

JAXA FX1
ES2 SX-9
JAEA PRIMERGY BX900



0

 DOE
— ASC ASCI :Purple (2005, 63), Roadrunner
— ORNL Jaguar (2007, 101)
— BG/Q: LLNL Sequoia (2012, 16P)

— INCITE

 NSF
— Track 1: NCSA Blue Waters |IBM Cray
— Track 2: TACC Ranger (2006), Tennessee Kraken

(2007),
— EXEDE(



Sixth Generation (2H of 2000 and later)

Japan

2006-12: K Computer P.
— 2011: 10 PF attained

2006: T2K open SC
— 2008: installed in 3 univ.

2006: TSUBAME 1.0
— 2010: TSUBAME 2.0

2009: Fujitsu fx-1 to JAXA

2015/5/25 SS

US/Europe/China

Cray XT/XE/XC
2005: ASCI Purple (LLNL, IBM)
2006: Rangers (TACC)

2007: NCSA, BlueWaters started
(IBM-2011 Cray)

2007: Kraken (Tennessee)
2008: Roadrunner (LANL)
2010: Tianhe-1A (NUDT)
2010: PRACE started

2011: NSF, SXEDE

2013 America COMPETES Act

2015
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1983 NUDT 1

1986/3 ”863"

1992 2

1997 3

? (Feiteng) processor

2009 NUDT 1
2010 NUDT 1 A

2013 NUDT 2

2015/2 NUDT

2015/5/25

SS

HPC

1983 Inspur

1984 (Legend)
1992 Inspur

1995 (Dawning)
1995Dawning 1000

2000 Dawning 2000

2001 Dawning 3000

2002 1 processor
2004 Dawning 4000A
2006 SW-1 processor
2008 Dawning 5000A
2008 SW-2 processor
2010 Nebula

2011 SW-3

2015
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870m

1.5

20



E (10%8) 100
— (Flops)

2004
30000

2020 22
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Co-Design

QCDPAX
Grape
NWT
CP-PACS
ES
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12.7 MW 1GW)
30MW
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OS
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1%
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— MPI

50

100

60
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1980

1990

BG/L



