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« Parallel Computing: Multiple processes cooperating
to solve a single problem.

* A Parallel Computer is a “collection of processing

elements that communicate and cooperate to solve large
problem fast” [David E. Culler]
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Period

Supercomputer

Aberdeen Proving Ground, Maglandﬂﬁ

19461956 | U. of Pennsylvania ENIAC 50 kFLOPS

1956—1958 | MIT TX-0 83 kFLOPS | Massachusetts Inst. of Technology, Lexington, Massachusetts, USA
1958-1960 | IBM SAGE 400 kKFLOPS | U.S. Air Force, USA

1960—1961 | UNIVAC LARC 500 kFLOPS | Lawrence Livermore National Laboratory, California, USA

1961-1964 | IBM 7030 "Stretch" 1.2 MFLOPS | Los Alamos National Laboratory, New Mexico, USA

1964—1969 | CDC 6600 3 MFLOPS | Lawrence Livermore National Laboratory, California, USA

1969—-1974 | CDC 7600 36 MFLOPS | Lawrence Livermore National Laboratory, California, USA

1974—-1975 | CDC Star-100 100 MFLOPS | Lawrence Livermore National Laboratory, California, USA

1975-1976 | Burroughs ILLIAC IV 150 MFLOPS | NASA Ames Research Center, California, USA

1976-1981 | Cray-1 250 MFLOPS | Los Alamos National Laboratory, New Mexico, USA (80+ sold worldwide)
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1981-1983 CDC Cyber 205 400 MFLOPS | (numerous sites worldwide)
Los Alamos & Lawrence Livermore Nat. Laboratories, Battelle,
1983—1984 Cray X-MP/4 941 MFLOPS Boein
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 Fumsﬁ Numerical Wind Tunnel 236 GFLOPS | National Aerospace Lab, Japan
1995-2000 Intel ASCI Red 2.15 TFLOPS | Sandia National Laboratories, New Mexico, USA
. 9.216 . . ) )
2000—-2002 IBM ASCI White TFLOPS Lawrence Livermore National Laboratory, California, USA
) 35.86 . .
2002.6—2004 NEC Earth Simulator TFLOPS Yokohama Institute for Earth Sciences, Japan
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.6 IBM Blue Gene/L
2005 11 OtotvDe 135.5 TFLOPS sota, US
2005.11- IBM Blue Gene/L .
2007.6 ototype 280.6 TFLOPS | IBM, Rochester, Minnesota, USA
IBM Blue Gene/L .
2007.11 ototype 478.2 TFLOPS | IBM, Rochester, Minnesota, USA
2008.6 IBM Roadrunner 1.026 PFLOPS | IBM., Los Alamos, USA
2008.11-
2009.6 IBM Roadrunner 1.105 PFLOPS | IBM, Los Alamos, USA
gg(l)gél_ Cray Jaguar 1131373(9)PS Cray, Oak Ridge National Laboratory, USA
2013 K= 54.9PFlops EfRRKRE, #
2017 B K A 93.015PFlops | EIRFHITIHEN TEEAMARFIL, F
2020 FugakuZ & 415.530 PFlops | H AR EMRFM(RIKEN) SEELEAE
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* WEREL. BREE (BHELEL) - 108

* SAN: A Ll W %
* LAN: B M %

+ MAN: #R3¥x M

* WAN: J 3 M
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M 4-4E 45 28 17

« 7 5% (Node Degree) : SFASI & IS AEZE ¢
ﬁ%‘f—ﬁﬂ A, NG Ao B A 2 FedR A 4—-"}?{0

« W% A4 (Network Diameter) : & FAEfTmH AN
SZ AR KRIES, B R REBARH

« %P3 55 B (Bisection Width) : *F 4R & & F Frob n#%
F 0 R YA

« xf&) A 55 ( Bisection Bandwidth) :&#r4F N, & 569
3w EA TR LR RE B (FT) K

* do FNAE— T B A W LA —FE, W AR LA AR A
(Symmetry)
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« —Y &P (1-D Linear Array) @

© FATHLR R B E RARN LET X,

« AT ERGRE. AEAVRE, Lw AR EE,

« NN B AN P, NP EEA2, HAEANA, A
#| A1

* HH. B 57&1&%7#’”‘&%%%&44”, A 5
Bl FI3R, T UALBGHINEY, ¥ EFBAH2, A
BERA o RAF) AN (B@3F) , 33 E R A2
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« B faKFHmI IR, W LR T2-DIRLE (2-D Torus)
TR EE A, M AARA AN, R EA 0N
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i 72 % 2oe V- e

o LR FH K B EANA, N %42 (o) =Xt (6) B
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Hxb3) % E A IN/2)
* AE G SURTAG £ 9 R AR D AR A
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CPUAR (SCST . 2k) 2
[tM] [cpu | [ TOC | | A7 itk AT |

A Hb S 2k A7 i e oL 24 >
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| zﬁfﬁn | IF 20N 1F

2% 3 ARG 5 FTEIML xX] 28
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HsLEMN%E (3)

ossbar)

o UTHS, AR R A . S A e
TR AR R & IR ST B 4%
R, MALREIE GB. HIKD t 2 aa A .

. S IF M WA T R P T BREG 4 A ER L5
SN b AL BRI EES . R A T SMPR 422
s 0 A2 B NP A B AR R A 2R 2 A .

input 1
Input 2 is connected to ouput 2,
input 2 @ input 3 is connected to output 4,
crosspoint input 4 is connected to output 3.

input 3 L

d Note: Connections between free
input 4 ® inputs and outputs are always possible.
nput 5

output 1 output 2 output 3 output 4

A Small Crossbar Switch 28
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* R IRTT RAEH -
= AN XBIA NN AT N, A AT 54
AEEM AR, BAAF A —R— L oS, FA

S —aue g, BAXK L AmE TR
« 2% 18] Zi% (Interstage Connection ) :
© BB, B ZRBH M. AR LHEE
* NITNEIQR &-E B o, n R 222 FF &, /ﬁ—.llmmsk%é’y
Cedarf2 ]yﬁLﬁZm% %P RA T QW %

# Cray YIMP % 28 R %, % W % i ok X &84 %) & 4L #2 & F=256
ATk AR e 2 1) 0 BB . P 4Rk 45 B 8 ANAL P B
B B BEAT B-fik 55 A BORT 6 P R
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WMERREHR R | SunFirefR%2% | IBM SP2FH) | Digital {-TJKFF
F I Gigaplane | 5127 K HJHPS: | %: 3.4GB/s
HE£R: 2.67GB/s | 10.24GB/s
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1 LA M % (1)
* Myrinet: “

* Myrlne’tfuill\/\yrlcom/;\ 3t TR L R M 2%, L H
WA T BT BB, LR AL ERA AR LT S

+ Myrinet 2 & F AW L2 REF L4 %+ 5E mﬁUVLSI&#\u
B A he W K5 IR BATOMIC/LAN# K. Myrinet#g {8 &
fEZE AN EHM), oL FRE A I K W ILRAEFT R 69 2549

* Myrinet £ 245 % & LA 7T R KOG ks X, B F4E%50
AT RAS | Fo iR I2H) , FHAE ] br il L B iR VAR A 69 7T 4
R EINET, A E L, Myrinet M4 F & W TSAN4E
¥, mRKTHAIR, ¥ £ (1.28+1.28) Gbps (B AT
#2.56+2.56)
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<-..IIIII|II.|IIIIII!=-.-__‘
* Myrinet:

* Myrinet 2 # 7 % :8,12,165%

# Myrinet AU 7 @ 3242 69 FRVELANaGI XS | 69 F P 52 4] 49 VLSI
RN E, T AMyrinetiE o, @4 0. DMAZ| ¥ falkik
## & FALGF B A% 23 SRAM,

* 140 of the November 2002 TOP500 use Myrinet, including 15
of the top 100
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« SR F4T4E T (HIPPI) —_

* Los Alamos [ K 5L 10 F T1987F 42 1 6y — NMFAE, KBy
ARE G — R B RE =R LT 6P KA AR 2
AT . £ KA MFAR Bt LT W, HiPPIME A 423k 5
0] A B A RVAR 2 GBS R 0 5 izl [Odf 18

* 19934, ANSIX3T9.3% 5 24A ™ THiPPIAFA, TEEZTH
Ao J AR B, AR X B BT AT R 20 Bk TR
P o

# HIPPIZANE 69 53] S MBS miE v, LR R TE
800Mbps #]1.6Gbps.
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R L ER% (2)
\

* EpME e JHATHE e (HiPPI)
TR T —FF AL 34 AL 696.4Cbpsik £, FLHIPPIHE81E
A ARARK B RE 69 A8 ZRHIPPIFL K,
# SGlx> 8] FuLos Alamos B K KL EARF A T A RM AR R 5
i525.6Gbps 89 HiPPI 5 3 7F 2 9 HiPPI 3 K .

« HiPPIi# i& F=HiPPI & #: J % #% JAl /£SGI Power Challenge &k %
%. IBM 390 £#L. Cray Y/MP. C9of=T3D/T3E4 % 4
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« 4@ FC (Fiber Channel) _——

17 E L EM% (3)

il 18 Fr P 54T A2 69 B2 AR,

U B BT AR SEF AR, T A —FF BB K
4818 BRAF 2% BT E T AK100%]133. 200, 4007w
800Mbps, FCSI)" AL E £k AR BA £/ E (1. 2
#4Cbps) #9t41@ 18

H4F 38 18 A9 AR AR LA A9 3 2 T IkAS By 3 M BTIE 52, X
B By 3R R R AR T oA id i AR

HE MBI B ) R ERARGBE N TN, € LF A
B B AP IR R R A S
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‘\

* FDDI :
* e X2 IEFE 2 FDDI (Fiber Distributed Data Interface)
* FDDIK A S8y S 4 A0 31 7T $324100-200Mbps £ JE 4% 4y ik
%
« FDDIE R ZiE K Z X & 067
* A% AGFDDULVL 37 & X 4AE
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+ ATM (Asynchronous Transfer Mode) :

* W AR 2 T19915F 9 ATM 38 3% Fal TUAR M2 2 Lo

© ATMGE —FF 3k 5 TR 69 75 BAE ST, € B0 &R
ﬁﬁ%ﬁi&&%%?%%ﬁﬁﬁﬁ%%o
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SISD. MIMD. SIMD. MISD
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