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 Parallel Computing: Multiple processes cooperating to solve
a single problem.
« A Parallel Computeris a “collection of processing elements

that communicate and cooperate to solve large problem fast”
[David E. Culler]
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Period Supercomputer
1946-1956 U. of Pennsylvania ENIAC
1956-1958  MIT TX-0
1958-1960 IBM SAGE
1960-1961  UNIVAC LARC
1961-1964 IBM 7030 "Stretch"
1964-1969 CDC 6600
1969-1974 CDC 7600
1974-1975 CDC Star-100
1975-1976 Burroughs ILLIAC IV
1976-1981 Cray-1

PR TS

Peak speed

50 kFLOPS

83 kFLOPS

400 kFLOPS

500 kFLOPS

1.2 MFLOPS

3 MFLOPS

36 MFLOPS

100 MFLOPS

150 MFLOPS

250 MFLOPS

Location

Aberdeen Proving Ground, Maryland, USA

Massachusetts Inst. of Technology, Lexington, Massachusetts, USA

U.S. Air Force, USA

Lawrence Livermore National Laboratory, California, USA

Los Alamos National Laboratory, New Mexico, USA

Lawrence Livermore National Laboratory, California, USA

Lawrence Livermore National Laboratory, California, USA

Lawrence Livermore National Laboratory, California, USA

NASA Ames Research Center, California, USA

Los Alamos National Laboratory, New Mexico, USA (80+ sold worldwide)
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1981-1983 CDC Cyber 205 400 MFLOPS  (numerous sites worldwide)

1983-1984 Cray X-MP/4 941 MFLOPS Los Alamos & Lawrence Livermore Nat. Laboratories, Battelle, Boeing
1984-1985 M-13 2.4 GFLOPS Scientific Research Institute of Computer Complexes, Moscow, USSR
1985-1989 Cray-2/8 3.9 GFLOPS Lawrence Livermore National Laboratory, California, USA

1989-1993 ETA10-G/8 10.3 GFLOPS Florida State University, Florida, USA

1993-1994 Thinking Machines CM-5 37.5 GFLOPS Los Alamos National Laboratory, California, USA

1994-1995 Fujitsu Numerical Wind Tunnel |l 236 GFLOPS National Aerospace Lab, Japan

1995-2000 Intel ASCI Red 2.15 TFLOPS Sandia National Laboratories, New Mexico, USA

2000-2002 IBM ASCI White 9.216 TFLOPS Lawrence Livermore National Laboratory, California, USA
2002.6—2004 NEC Earth Simulator 35.86 TFLOPS Yokohama Institute for Earth Sciences, Japan
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;ggg él_ IBM Blue Gene/L prototype 74 TFLOPS IBM, Rochester, Minnesota, USA

2005.6— .

—2005 11 IBM Blue Gene/L prototype 135.5 TFLOPS IBM, Rochester, Minnesota, USA
2005.11- .

20076 IBM Blue Gene/L prototype 280.6 TFLOPS IBM, Rochester, Minnesota, USA

2007.11 IBM Blue Gene/L prototype 478.2 TFLOPS IBM, Rochester, Minnesota, USA

2008.6 IBM Roadrunner 1.026 PFLOPS IBM, Los Alamos, USA

A= IBM Roadrunner 1.105 PFLOPS IBM, Los Alamos, USA

2009.6

2009.11- 1.759 . .

2010.6 Cray Jaguar PELOPS Cray, Oak Ridge National Laboratory, USA
2013 K25 54.9PFlops E Fr R KA, H

2017 i AR 2 93.015PFlops E XK I AT BN TR AR 7R 0,
2020 Fugaku & & 415.530 PFlops H AT AL 2 4F 7T B (RIKEN) 5 & 138 A ]

2026 “R 3" (LineShine) >2 EFLOPS [ S T BRI O
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v gtk
ISR AL, R (FRERAL) | JOML (RS
Bk
v SAN: ZAZiR%
v LAN: R 2%

v MAN:  #35 fx
v WAN: 5[
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P 2% 1k BE T A .

v WrRE (Node Degree) : S NS — 7 L E. 785 7] X 4%
L NSRS I 2 FRR O T R

v ML EZ (Network Diameter) : 48 AT AN S 2 8] () i K
PEE, Bl KR A

v STEI9EE (Bisection Width) : X4 W% &b 4k £ 1 /bik
#

v S E 5 ( Bisection Bandwidth) & Fb8r P, 78 & /NN~
H A IEL &R ERA (BT 2

v IR ME T SOWE AR —FF,  TIRRIN L 90 FR ) (Symmetry)
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R HIEMZ (1D

v —42tERE%)] (1-D Linear Array) :

o FHATHLH AR, RIEAR HET X,

o TAMMERERAL., AIEAHEE, Wi irLRiER:,

o NN AHN-1%LSEE, NTTREN2, BIEAN-1, X355
ol

o Y. B AMHERN AT EIEA AL, fEFRING M L EFTIE,
IRAT DL B ) (R B A 1), LT S E N2, BEARECN v/ 2 JCRH PR)
BONN-1 CER A 3R) , X35 58 RN 2




A HIEMZ (2D

v N xJIN %M (2-D Mesh) :
« ATARSH B T, £ ARIEATHE GRS SRRIN , T
NENA, MBS N 2N -1y, XHIEEN N
o fEFEET7 EArIAGE, KPETT R 2R, s liackfL 1, T A
FETE A4, WZEAAN IN-1, TXAHIEEN 2N
o FEEMNUKNFIT M IHGE, WA 1 2-D3s%g (2-D Torus) , 7 51
FETE N4, WZEALN vz, XHEITEEN  oN

_[

SO0 5 CC 5 ) L(j Fm /C )
L3O [BISED CHeTer
Ll ¢ %%) A LA
I | UYR
(a) 2-DRIFL (b) T11iacM 4L (c) 2-DFf 5%
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A EIEMZ (1)

‘/ E‘w%:
o RZRSEPR EAIERALBLES . AAAEEIEAIT/O4N Bl B ah S5 ) — 2H 3 S M 4
JE o

o MERGHULFERS (Wb es) MM (UifFfiges) 2 I8 rI2HE
&5

- HETCOHIRZ HmLhnnE: PCI. VME. Multics. Sbus.
MicroChannel.
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A ELIEM % (2)

A Hb A [H] 15 2
CPUAR ¢ (SCST/2R) A7 A AR
[tm] [ cpu | [ 1OC | | A% RS 2T |
< A b 2L 2R > A1l 2 oL 26 >
| |
[riiksE(r] [ 1r | _IF |

< EE T, A >
A

I0OP IF C

=== < A >
| %fnh | Ei@ [ ZEop EE

b A AN LAY FTENHL x4 2%
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v XX Fx (Crossbar) :
o FAZTHNLS, W ONERAN G IR S A E . RIS HAL—FF,
LY R R GA W E AT “HT B YR RE, M
REe it e (JE. HAD X BRhSERE,
o WXHR—MBAEWMAER T —F & TR Z AN Z
FAWEEH F SR A REE; 55— MEH T SMPRR S 88 5 7] &=
Rt HALH A B AR AR 8% 2 18] AR EL

input 1

Input 2 is connected to ouput 2,
input 2 ® input 3 is connected to output 4,
input 4 is connected to output 3.

0 t
input 3 L \_/'
Note: Connections between free

nput 4 ® inputs and outputs are always possible.

= =]

o

input 5

A Small Crossbar Switch



v R NP RPERERIE 2 K HIEMZMIN (Multistage

Interconnection Network)
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]l——— e | ] ———»—77 [ S |

0 P —» 0 00— T — » 0
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v T IR

¢ AR BIF SR N M RIN R, RTEREE R

i om 1, AH I FCVE— 0B 2 U, AN T VR 2 00— [,

RO ARG R A H R

v Z 8 Hi%E (Interstage Connection ) :
o WYSJURML. BEM L ZERIYSIVRIL. 2 XOTI<. ALTTIERE
o NI ANMIQM LS FETE log, n2t 2x2 1%, fEllinois k2#iCedar[2]%
REFRAL R SR A T Q2%

« Cray Y/YMPZ iM%, 1%
AR 2 [R] P A 12
GNP R

XX

|

|28 FH oK S 8 [n) S Ab FE 25 A1 256/ M F-ifs

2% HE g TaE 50 81 AL T 5% [F) IR AT A7 i 45 A7



B3 ELIE M 2% LR

BN EEM 2% 1 R A BEATH EPERE— R

LR BERS % B HIEM 4% R XFFR
FRRRE O(n) O(nlog,n) | O(n?)
AN

T EBRHE R O(w/n) & 0w} O(W)NO(nw)| O(w)YNO(nw)

MERREHFE | SunFirefR5-2: | IBM SP2H K] | Digital T Jk I+
F)Gigaplane | 512795 KHJHPS: | %: 3.4GB/s
HE&k: 2.67GB/s | 10.24GB/s

nFHEHE w, FIERE
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v Myrinet:
+ Myrinet/2 HiMyricom2 m] i iH T IRA s 28, HH B 2N
T RS HENNLEE, RS H &N —F = i

o Myrinet/ 36 T M B T2 B HF R (0 2 HEEHLRIVLSTR AR UL R 72 7
B A2 TF 2 FIATOMIC/LANHE A . Myrinetfg i i (7 2 i 4h a5 44,
R B 52 Ay T X100 LB T J P 54

o MyrinetfE £ 2% )2 2 A AT AR KR RIAS 20, X5 S5 B B it A7 U928
SRR, I D@ B DL S E fill AT gm AR B ENLEE . A
YIF 2 I, Myrinetf 40 T.SANSERS, K rIA3K, I§EHE
%%y (1.2841.28) Gbps (H i2.56+2.56)




PEEERMZE (1)

v Myrinet:
« MyrinetZZ #:J1 5% :8,12, 16 [

o MyrinetF L1 @ 32462 FRELANaC: F I FH P € il I VLSTAL B 2%,
B A Myrinet®2 1, 1. DMASG|ZER s F s B AT HUTif
#SRAM.

« 140 of the November 2002 TOP500 use Myrinet, including 15
of the top 100
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v EEREFITED (HIPPD
» Los AlamoslE X Se8 = T 198752 th I — M nifE, H H B2 E
G—KEANFEF AR A RBEYABIOT EIL D . AR
MR FEANL TS, HIPPHENREEEE R RS E RS UK RS2
AMAROE L I T/ Ol

+ 19934, ANSIX3T9.3Z& A/ HIPPIFR#E, 'E&h | Y)BELA
AR =, (BAERXNEZ BT E AV BT H .

« HIiPPLEH T 2] Rl B E IR ez 1, HEE[1A800Mbps 2|
1.6Gbps.
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v BEREHTED (HIPPD
o JPRMIN T — Mgl ER6.4Gbpsi #, tLHIPPITR8f H AR
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