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M.1 AENTE

AP T 45 BT — BB AR A DT S T . BAPRRE A — R STE
BUALAR ) & R s B2 00 H (A R e — AR AT AR DR . SRR A 2R
AT i — AR ML AR ) A i 12, sl SB A Tl — 2P Bl s, R A R
B T S 30k

55 M2 T NECT LA R A TG, XTREEE 1 BN, 55 M3 TR 76k
TRZIKGER, XA 2 B SR B 55 M4 TITHETR 4R, skt AL )
M Ko 5 M5 AHROKEEARTIESRIT, X 3 3L C FlH,
55 ML6 TR 444 . SIMD F1 GPU 340 h BRI FAT, R 4 2. 4
M.7 TR T2 5 T 4n e, MREes S WA MM F. G L. 55 M.8 ik
WEMRGMRRE, XN 63, fidq, 5 M9 WXTHA/H (1/0), X
NS D

M.2 itENHNRHERE

TEA DT REA T, FA TR R A R LAk BRI )74 (1Y
ik

F—aERBFITEN

AP REAEE IR T AR 24 BE Y J. Presper Eckert A1 John Mauchly #ff il 1 {H:
F BRI ABITIH FE AL, X548 ENIAC (L FEUER >
TEASFITTEAML, Electronic Numerical Integrator and Calculator ) FYHL#SH 3 F
Bl B, A0 R AR I g O R, (H 3 1946 4F A XAk
AT o ENIAC Sl TR IR % . X S HLEHAPE R—IK ik 100 3%
R, 5 8.5 R, S R, FL 20 M B s h B — A 2 SR, 4
Bl T 25 18,000 M EAHE .

SR ENIAC PARFR L 2 A ESd ALK =N g, (RS Tl B e 1
FTAFERLL L, —RINEEE T E 200 #HFP. ENIAC H& 5Bkt oite, It
LT DA , o0 (i B 3 DO A AT T o g B o5 2 o T alidd e 4 Ak
BT, FERTICF/ING B — RN, BdiE g F LR A . ENIAC
(1) 2R BRAE AR A e/ N M g R

1944 4, von Neumann ¥4 5¢7H ENIAC 5 H . 151 H A1 BA A 22 G A2 ¥ 4
AR, IR TR RRT DB IE A eAd A8 . Hh von Neumann H5 B &
Sifb MR T s A, IR RS T sk, 8 T —F4  EDVAC (HLF
B & H 815881, Electronic Discrete Variable Automatic Computer ) A1
BN T4 . Herman Goldstine 73 % T XA 45 555, J1¥ von Neumann
B2 B T, 3X ik Eckert Al Mauchly B2 -0 AN5, BB 245
AW T o XA TSRS RN U K 2L X TR TR AR IR 5
P 2 R AN, X — 24Kk 7091 T von Neumann Y TR
S R X S AR AT TR AR TR L NS AL AR T AR
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Eckert Fl Mauchly f oTRRI SR L . 5 RZET LK, A 451EH (2000
AF TEEE K & KB RIG5 ) U, X = AWTEAAEFE P TR & R 7
HHR A HE T CEEVER] . 1T von Neumann 7F R4t il X S8 EAR . AT ELEHE DA
K SBG G AR D ) B T 2] T 2O EZEME N, A Se LS DAL R 21 T
Iz

1946 4, S K241 Maurice Wilkes 1517) T BE/R2EFE, ST R TH Tt
HHLE R — RN E R 35y BRGNS, Wilkes Yo & A 81— 30
H, @di—H% 4 EDSAC ( L FHEIRFEif F 811581, Electronic Delay Storage
Automatic Calculator ) AR T 1AL, (EDSAC fifi FHAK AR IE R LA h HARAE
i, P FRP A “IEIRAEA#H—17] . ) EDSAC T 1949 AFBAME, Ok
FEH— BB AR AERE P T SAHL[Wilkes, Wheeler, and Gill 1951;
Wilkes 1985, 1995]. (7EMCZAT, S WITRER:T 1948 4R id— 144 Mark
LA/ NSRBI, AT RE AT ARARAESE — & TR ER AR R P HLA% . ) EDSAC SR H
HT ZINARAEEN , AR S AR XU — ELAT R 1970 4RI, (B A LA
Xt EDSAC $5 R A ] 2 S A5 THRBGE )

1947 4F, Mauchly £EHF 8] Bh G157 T3 HLM2 ( Association for Computing
Machinery, ACM ). fbFH4E T ACM 155 — T8l =1 F2E A% 0 . [A14F, Eckert
Al Mauchly i T HL TSRS L A BEIR 7 B 1 B R ZEROR L RIBE 45 K,
X A] BEAE{# Eckert £ Mauchly $5E 25 HF o M fi 1A ™ EH 520 T EDVAC Ti H
FEOZIH FlE LA E R 1952 A AMHL

1946 4, Goldstine &5 B /R 2~ B¢ , A von Neumann 735 A3 2 A 53 B

FIATBA o fifi15 Arthur Burks 3E[5] & 6 T —10 5 F 1944 4E &5 3194 [Burks,

Goldstine, and von Neumann 1946], X452 % T Julian Bigelow 2% 3k 785k
Sl e S B TAS ML, TAS HHEAHLIEA 1024 4> 40 SLF I FEf 7 it
IEfTHEZ) R ENIAC 19 10 £ ZHIBAMR AR T SIFEILN TS, &
T T — R I RAEF U )3 I e S R DT R R M) T 2 608
BOHEALEIE A, HA s IBM B8R — G500 701, HBOHERRET IAS i
ML, Burks. Goldstine Fll von Neumann ¥ i 18 SCIE SRR AE FLZ A, BRI
AR BER , WARXEAE X B AR AR SCa s T 50 Z4ET, oy H
e R ZHOT AR REREE 2 S AEATTH AL T Z W (S 05 2
FEIL T30,

55 ENIAC [l —HJ#], Howard Aiken fEMG R 2% 80T T — S AL AL,
%4 Mark-1, Mark-I H1 IBM f)— 3 TREMAI BV o S, Aiken SCRHZRHFEH
THRRARTTANL Mark-10, DL & H2S TR Mark-10 Fl Mark-1V . Mark-111
Fl Mark-1V BAES — GAEMRF AN Z 5 8150 . T eI 4L
o3 AR TEA R A g v, PRI AP A R P SR SR B O R 2 2
IXFREEAE Jo R RR A P Ay R 5 IR iR & L &AW, (B2 AR
THRIREE 4G — , ABAEGAFIZ ANKGFE 2 A 43 FF T

1947 4%, AR T 22FE ( Massachusetts Institute of Technology ) &3l T “Ji€
K> ( Whirlwind ) 51 H [Redmond and Smith 1980], B7ESCHLER FRiA(E 540 H
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MR RV IRI A A T 2000, (R R I BRI A T RO i
—— XA — P AT 5 HORAME AR/ EOR . Whirlwind FHRHLECE T 2048 4~
16 (W FRIRE A g o BESAFARARTE IS AT 30 4Frh— BV N EIm A N AFROR

SEEPETAHITEN

O U R IR, S E A SE E By 2 TARR S TP R L I
AL e E 8 TAE HbR 2 i 7R E e A%t (Enigma ) ZAdaLin
FHE B o X TAEFE— 44~ Bletchley Park [T 3517, 4 TS EZR
Ml#% . 5—5 &M Alan Turing A4 AL ALEE &, #R“BOMB”[see Good in
Metropolis, Howlett, and Rota 1980]. % — £ /& H Newman £/l Flowers 131 AT
R AP, FRA“COLOSSUS”[see Randall in Metropolis, Howlett, and
Rota 1980] . X 2E# 2 5 B Ll ALy B At blds , R BRI LR 74 44 1
THAE (U-boat ) IYNNEAE B, MWIMTERLSh & 4% T CH/EH] . Bletchley Park /Y T
VEm LR (F2 L, ALeRAMEALE ), I EXT ENIAC, EDSAC ke HAt
THEALEY & R BT A i B E LGB B, (R JCBEFEHE Sl ARk 20 Fn i Horh
()RR G TRl R T ™= A T TRl RE

e E IR TR L B AL TAE . X —% i B 4k
FHET M52 (Engineering Research Associates, fij#X ERA ) [see Thomash
in Metropolis, Howlett, and Rota 1980], RGBT, R DR e AR R
. ERA i TILEHLEY, & TASBUNIL, 529 Sperry-Rand 22 Al
1M Sperry-Rand A Rl ETEYLIE T Eckert-Mauchly 38 HL/AF] ( Eckert Mauchly
Computer Corporation ),

S — SR IE YR PR Konrad Zuse 7E15 [ T~ 1930 40K F11 1940 4F
AT & B — R 5L L 45 [see Bauer and Zuse in Metropolis, Howlett, and Rota
19801, Br T #ilxE H Tz bLEs7h, Zuse 255 — N SCEE s B A, R4S
von Neumann F PRI A LE Y A FIAHLES R T AU, S i HAbAL
HLRRR T S /N, A i G — B AL BRI N, (H RS R R R BB e i

HLF IR R 5 — D E 2 H W STk 2 John Atanasoff, fh7E 1940
R HE T — & /NUH FITE AL Atanasoff 19401, X S HLESTE Z i FE N ST K
% (lowa State University ) i&1f, 2 —HLHitTHEAIL (ABC, Atanasoff Berry
Computer ), {HM K54 AfH ], Mauchly 75l ENIAC Z 1 8 45 B FE i
SRS R R, BTSN R R A — LA (il anfli FH ki RoR vk ) 1R AT AE
S0 T Mauchly, ABC HLESHUFELE . ENIAC LR HiFHIER ([N TAENLE, &
FHBELER S HE ) UL von Neumann T EDVAC B8 SCHIEHRE, R HERE
Eckert-Mauchly % F| 94 #i& [ Larson 1973], J245 T Atanasoff FVE A 41X,
{H Eckert Fll Mauchly i # #IA N 255 — & 1] TAE /38 FH H 1 EPL il i &
[Stern 1980]. 4R, Atanasoff &/~ T 5 KT HEHLPE & A T EZAH . ML
TARES SN, HALTRER AU A 25— A% H AL & B
#, JHVWHER I I Eckert #1 Mauchly .
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g Ak i &

1947 4F 12 H , Eckert #1 Mauchly B%57. T Eckert-Mauchly TH8EHLA R . 4]
2R — S HLAS BINAC 524 Northrop fil3& 4, Jf-T° 1949 4F 8 J 5l 4215 1 —4k
W55 WIXESS . Eckert-Mauchly 315412 Rl 8% Remington-Rand W, J&5 & 440
Sperry-Rand. Sperry-Rand ¥ U %) Eckert-Mauchly . ERA AN H H B A HI R
W55 G, BoL T— L TTRHEHLERTT, #7228 UNIVAC., UNIVAC T 1951 4
6 HZEAt T HA— A AL UNIVAC L. UNIVAC T2 25 37T, =6 —A
BRI RN —IE 6l 1T 48 51 4, X G FWINLES DL BT 2 A 5 |
N BRI 2 Sy ml AR A AR JE I 1L 5235 ( Mountain View ) BT HEALD;
YRR HA AT DL UL R GE R by A AE S e SR R R AR T
if ( Deutsches Museum ) A1 RRTRE X 1Y) 52 %5 #52> ( Smithsonian Institution ),
DL KR Z AL T T

IBM R M FZEFL RN A Sk 55, H3 1950 A4 ah S 3L,
Fi—5 IBM AL IBM 701 Z: TR K £ 1 TAS Hlds, T 1952 45T, &
B 19 5 [see Hurd in Metropolis, Howlett, and Rota 1980]. 20 {4 50 447,
V2 NN ARSI s m B AR HLds i g Al 2
AR RE, IBM ISERE S T HEBEITTHEALA F . AT a] %
PERYIESR LS LR PRI 3508 5 1 B SRS s L 2 10 S B o BB AR 701 1702 H HRAT:
T2/, IBM B A 650, 704 1705 (4351F 1954 4FH1 1955 4F58
i) WS TEARRY), i 132 53] 1800 5 A .

2R T LA IR TR R L e rY 15 %% [Goldstine 19725 Wilkes
1985, 1995], LA} Metropolis, Howlett £l Rota[ 19801448 II/E S, ZILE T
FUASEIRATA M7 o BEAh, AT VR 207 1) g s 4R , 385 S S\ ) o
[Slater 1987], LAK—A% 1B TN B Fl— GBI AR )
( Annals of the History of Computing ).

ESHEEFENER: RIIS5KW

TETFENLR R 0], BT T R e PR g H Fi——ENIAC ZE L i
Mark-I$t 1000 £, IBM Stretch ( 7030 ) W2 LE Y B S (R AYALES P 100 5 SR,
JeR ] AN T A S e PR R N ANl s it LB 008 H, — AN BEEE IR A R,
BT ANER Sl E— A PEREPEAS Iy AR AR L )

S W) P RE A AR IR S B HRAE Clhniks ) IR M) . | T R 808
A FATIF I AR ], 0 e — SR B e ) (5 B s e A AR R A I ) . SR 11T, Fifi
LA IR PATI E A 2R, R AR B T A, R T
R S sl T EAE 2 R e S AR, THEIR RS A G
Gibson 414 [Gibson 197012 R ATRATHHE 245 o B AE54E 2 B THT E] 3 LA
HAEHASTRARE, PR 248 S PATH ], CansR LAt ah R, F
PIFR AP THS [R] B A 345 4546 4 B s B B R A% O TR HANL R G4
AERARML, XAk LU BT 4 Ik i ) B A o DT8R TR &, 5
MIPS ( Million Instructions Per Second, [ J7 484880 ) g 2P AL T (1E
WAL, PIEEE BRI KRR ). MIPS WP S AE T80 A2 2 B .
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B CPU 23 BN 2%, OB TAFAHZ IRES AR R BOR , 55548 A
A ME— AT ] R, ANREFRE 1R 2 4G T T MIPS, ~—22
fdi HINAZ R P A-G BRE A7 2 HENN i . Curnow 1 Wichmann [1976] 38 123 il &
H Algol 60 4’5 BMHFAFET, QI T Whetstone & BFRIT . IFRIT BG40 K
FORTRAN, FF9¢)" {ZJH TRAPFEREFRITERE. McMahon [1986] FlIZ5 (&34
PR [ 525655 ( Lawrence Livermore Laboratory )ASfFFE A G & T 25BIAY
TAE, HFA& T Livermore FORTRAN Kernels, &7E AT A ALE 7 FLUEN R
IR, XS PAZAR R SR TR R PR AL

Bl A28 B R B MIPS Sk He B A N [ 48 4 45 I 2R A0 2 A 7 AN 38
e, (5 7= A T AR MIPS AU S . 1977 4F, 24 VAX-11/780 £ & Aiilt} , DEC i fT
T 2645 IBM 370/158 bz rid /NN . IBM il TFR 370/158
S 1 MIPS HHEAL, W T XS P AE M G LA L is T LA F], DEC i)
R VAX-11/780 FK 9 1 MIPS ML, HLaF M BIAHXT MIPS S22 THEAZ L
il LY, AROR

Performance,,
Performance . erence

MIPSy; = x MIPS ¢ference

VAX-11/780 BFRAT B g AHNT MIPS i — 2B HL2%, JoHE N
XFF VAX11/780 X FERT—~ 1 MIPS FTHEHLIR DL, AXT MIPS (355 i
B WU — B LA A I VAX-11/780 O TLA , AR ALEZ IR, & aPE
I3 5 AT MIPS, 1 MIPS (PP UAE N JC N 5%E , E 3] DEC (1) Joel Emer
FERHE L G2 Tl T VAX-11/780, fib & B VAX-11/780 FJ5 A= MIPS SEFR
0.5 Bk, g e Rt e B EN Pk 2 5 AR 3 MIPS 11 VAX HLESHRR b 6
MIPS HLE§, R EATHHE 2 VAX-11/780 755, BT 1980 4E48%), MIPS
— 3] JLF-E s g IR 7 AHXT MIPS

1970 AR 1980 AF-AR 2 BT ML ML (G , 327 b DA VT 5%
ERRRIT L M RE A RRAE . P X484 B[R FT MIPS AR ANIE & i X —1 7l
PERE, P A& T MFLOPS (BRY A T IRIE B ), BEAMMHZRR 14
AED AT I TR AR . AN SRR, & PR TRRIE T TPy BARRE 7, T
Bl 1 PR e B PO AL ERE SE 28 Hh 5 | G (. MFLOPS .

SPEC( System Performance and Evaluation Cooperative ) i 37 T 1980 4FX A,
B 7R S A AR, I T T AR LA IRl 28U W) L i T UNIX
T ) TAESG AR G5, 3% 2e40Te 22 AT HELHED R 325G s . SPEC
FEVEMRR AT IR AR , IAERFR N SPECS9, 2 7E R 3 i S e il a8y i 1) &
Kb, I A4EJE, SPEC2006 139K 3= 525 Ab &8 S 4 ek

&N
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M.3 FEEREESAEFFRIPIIAR

BARTH A NI AR R R B 2 R S5 1 1 b 2P IR A1)3E T3 — AR
i, (HPIATiE A S BEROBE S R AR Kilburn S8 A7E 1962 4FA 21, Jf
TES MR R 1 Atlas THAHL EAFE] T HE . X G iHEPLR T IBM 360 %4
AT —4F . R4 IBM HHI7E F—18 System/370 FF5] AiZHA, H 1970 4719
YEZRGE TSS RREN AT X —Bkik . MEAUNAET 1972 4275 370 RAh iEAHE, 1E
TEAEX AT RN B R T B 2 %% 48 ( Translation Lookaside Buffer,
TLB ) :X—/Kifi[Case and Padegs, 1978]. #L4, JLT-ArA iHEHIEBECA T HETL
WAE, MEADEUBIOTENL. AR NI ARG
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Atlas 1 IBM 360 ¥J7E0t (page ) FOnlHft T AEEORS, 1 GE 645 2EH 1
SEILT 0151 B ((paged segmentation ) R4, FIUIAY Burroughs THAHLIR H 4Bt
( segmentation ) SCELEHLNAFE, X5 Intel 8086 (143 Beithht 5 %625l 80286 1E
P AR SE C AR HLEN Y 80x86 AbHEE, HiRIT RBORIETE1T
F GE 645 -1 Multics {f:4P % 0F . BEE IR 9HERS , THENLA B T i e
AR, Horh e 24 AL 2 “capabilities”, X—HLHI7E 20 tH42 70 4R LR F1 80
AEARHIT L T M KA ETE [Fabry 1974; Wulf, Levin and Harbison 19817, Wilkes
[1982] J& R IARFFT RE I LI A DA 22—, bR idiaE .

ARAT G 4 % 721t LK (capabilities & %t ) IXAF FILAIA, R A ZRHA MR
P iX A R RIA, FA XA RGN A LR L E T, LEAARZY
5%, capabilities 1F A T VA B B4 69 B4 X — BRI AR ELEER LT,

5503t FhLR GBI, FRAE— AR B BIRE T A6 R e KA b
ARA o XFPRMFILA IR F K BATIR B AR A A & 893 m
BAl s RA A RARANSE, LT aRBHE X RN G SEGTEE A,
(% 112 ®].

AR E X NAFR T RN G 56T H 25 1K B E R AT TSR R 454
STISATRE FIHLH ( capabilities ) TR T .

Bell £l Strecker [1976] [A1Jfl T PDP-11, A A HME— HXELSRAMIIA R 454
FER RIS RSN, 7 PDP-11 A Z B, BTG A S e K AR R 28 1%
AN, KB 100 Z2Z R ANA FIHEEE S SWE , (RS 32 (7 Hihk 1
HEFRA L3 16 A B ER Y, DEC B il BETCIEAE A BA 354 1,
PR s g HH PDP-11 B RTARALELIE I 4 A7 i btk 5%

IBM 360 [IIHETTRIRS] T it R/ N2k, IR RS540 e
) 32 [tk SR, 7E 1964 4F, IBM 360 S2br [ B T 24 frkbdik, A 24t
TR A 360 HU-S- A SR T K A Mk 50, PERES T 25 . Reg i, WA
WX — T RS R AF T R N BL, TR A TR ME BAEAETE 2 8 AL A Al
FHuhEr 3K BHAS T HbhEY RGBS T (20 4F )5, Apple 7£ Motorola 68000 1%
24 S HhEBETT PR T 2L RS 1, 2B R T SCRp R 208 R 52 5% 32 4 Mg 4Dl ik iy
68000 KbHE#S, Macintosh Ty 2838 1 FEFP R I3 >R 21 e MR LU AR 232 (34 "1 . )
MIRLASG , JUF- i MR SR ik S oK i FH G O 2 A PR A FRRES , 2R
LB A {ELAS LA 2 fiph 5 5

WHTSCTA, RGN BIPLER i IBM 76 =X BN AE 058 o T
B, IBM 1 & 5B BRINAERTENLE 1967 4-4EH A9 IBM 360/67. IBM A1
FKANREWE TRT CP-67, TRl T 2/ ML 360 THEHLINZIS . Bi)5,
AT RS T — 140 CMS WA HEAPH P EERSE, 217 E XL B RINL L
CP-67 {25 T 77 VM/370 RYHEA:, 4n4> IBM R H K RINLE T z/ VM #4E RS
[Meyer and Seawright 1970; Van Vleck 2005].

75 Atlas HLESHIIE SR R IVAETT , Wilkes T 1965 4R & T 45 —Fa ik =
Zef7 (cache ) MEZMIIEC:
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* PEHTE: X B capabilities 1§
FSE—Fpi IR, R
A B AR R AL
HERITIR], Wilkes 7E3X BL 367K
FY 2 9K capabilities ML AYHE
DREEIN CBRAR S —A
AILLA f g ), (ASEPRI
FORAERE R, RRRELR
MELLE BUFNILAZ

» Wilks ) i85 2 . Anyone who
has been concerned with an
implementation of the type just
described [capability system],
or has tried to explain one
to others, is likely to feel that
complexity has got out of hand.
It is particularly disappointing
that the attractive idea of
capabilities being tickets that
can be freely handed around has
become lost...

Compared with a conventional
computer system, there will
inevitably be a cost to be met
in providing a system in which
the domains of protection are
small and frequently changed.
This cost will manifest itself in
terms of additional hardware,
decreased runtime speed, and
increased memory occupancy. It
is at present an open question
whether, by adoption of the
capability approach, the cost
can be reduced to reasonable
proportions. [p. 112]
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* Wilks 1) 1% /2 : The use is
discussed of a fast core memory
of, say, 32,000 words as slave
to a slower core memory of,
say, one million words in such a
way that in practical cases the
effective access time is nearer
that of the fast memory than that
of the slow memory. [p. 270]

MM BRRENSE

W TR —ANEF A 32,000 F AP G BAE BAFA L ZHA—F T
F oG BN G Bl B 0 S B BAk 5 A SR FRAE OUT AR AR 207 ) B 18] BRI B
RAMEMIFREAEE, (F2707T) .

X P UL RS SCHIAR T W i 22 47 ( direct-mapped cache ), B ARIX 2T
GAEMEIRATTRTR, A — DTG0 RGAR ] BB I R Ed i %
W48 25247, IR M I R REIE RSB . Wilkes 7R, G. Scarott
P T RATAEAR AR AR

EZ SRR, BBM A T —ME, &AM T E G A AN
HEAHL——IBM 360/85 [Liptay 19681, Gibson [1967] ffiik 1 Unal & i PI A7 1)
AT TR ERETAT R, IR T AR Z B AR th 2 i 22 57 . Gibson
T 20 MEFFEAR (BMEEFA 300 TTA-NAETIRN ), HAREEE A7)
B TRLR LU A A M C R AF M R GE . 3K — L C A 40 Z4ED5 50, 53 1990 4EAX
W1, IRZ NATHSR B R A A PR R FE bR o

Conti . Gibson il Pitkowsky [1968] i 1 360/85 [ITEREZR I . 18 3C 43,
JRAE 360/85 HRT B JE HHH N (80 ZHFDXT 60 4D ). WAFSCH /D (4 X 16 %)
HEAEEBNE (1.04 BT 0.75 8P ), {5 360/91 AL 11 NRA 7 H i 3
MR EVEREIL T 360/85, X4 18 SCUL IR 1 A “cache™ ] Y ST .

Hofth B AR T A7 M S BIFFESCHK . Strecker [1976] K 3% T B
FLRR AT BET IS, WSS T4HX) PDP-11 MIZZA7 T, Smith [1982] b5 & %
TR S, H IR T 23 [E) "B ( spatial locality ) F1R (] Jeyfs o4
( temporal locality )X PR, I8 SR RN TR E B S 2 S0k

FRR K Z RO S M TR, Clark [1983] D fifi FH A (R W s #ic ¢ T
VAX-11/780 TEECR NI GeAF A A TF L. Clark F1 Emer [1985] J& ok HAL T#E
PG5 TR 55 0 e A5 A A b kA 48 T 2

Hill [1987] & T % B HH TR A AP ag«= C*HiAY . Jouppi
[1998] [IJEiHT 7R, 1E& Hill #Y = C BIR EH0E il 1 th & WIHEZEAE (victim
cache ), DA FTEE PR A B RS 247, [) I 3RE 50 T 43 i 98 A i v ) R4
Sugumar A Abraham [1993] IA\N, = C M AR UEG ATV K T B L I TR W
ORI R 3L TR i /D (LRUD) BE R R A b 28 i w15 00, IF el
oA AR 43 SR i B O = R B R R R A B Rk s DR A 2

= FAEFH ZE2% £7( nonblocking caches )R- 418 302 — & Kroft [1981], Kroft
[1998] JE AR REUL, M5 —i7E CDC B B AFMITTRALIN, 4 bos [HA8E
SN TR, T LA A X 1T 247 ( two-ported cache ) 7E & A AR A
IR SL S HoA D5 IRl P2 HE AR 55 i AR

Baer Fll Wang [1988] #t47 T fe X 2R 700 &M% ( multilevel inclusion
property ) H5Y 2 —. Bfif5, Wang., Baer #l Levy [1989] A& T — KX T L%
FATVEREPPAE AR S, Z ), Jouppi Al Wilton [1994] 484 T 4% R 2%
AR Z P HERR ( multilevel exclusion ) FHg

R T4 ZEAT, Jouppi [1990] 5T T il 1 it 2% #h IX. ( streaming buffers ) i
AT ( prefetching ), Farkas . Jouppi il Chow [1995] ¥ & T iX— T AF, &4 Ti&
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FHTAEBH ZE B4 385 A HE I PAT AR Z2 0P X, J5 oK Farkas 55 A [1997]
UERH, BARELITALFEES (out-of-order processors ) X AN A TR ) SR 75 2 BE B 7y
BAIREEM 245, I HABM AL 1 F S v XX A S A 6 5K o

1990 AR L T 5 FIERAE R GERI IR R 450 S5 R PRt 22 ASPLOS )F
EFRHHEAUA RS T 25 (ISCA) FFRFEREXTEAAIB L, (F% |,
A NHFR ISCA SEFR F 2 E PREFHR R AT 2 45 . )

55 2 ZHKM T Cantin F1 Hill [2001] YCHEAY SPEC2000 HE I 1 f) il £ 4K
o 2 2 iR n I T 2R X SR 18 3, S T RITE T, 4345 - Agarwal Fil
Pudar [1993]; Barroso . Gharachorloo F1 Bugnion [1998]; Farkas Fl Jouppi [1994];
Jouppi [1990]; Lam , Rothberg #11 Wolf [1991]; Lebeck #11 Wood [1994]; McCalpin
[2005]; Mowry . Lam #1 Gupta [1992]; UL & Torrellas , Gupta F1 Hennessy [1992]
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* Meyers Jii3C: One’s eyebrows
should rise whenever a future
architecture is developed with
a stack- or register-oriented
instruction set.
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machine language programmer
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correct (timing independent)
program for that machine.

c P XIPRYCES T
VLY S [A] — 95 2 RGBT
R TFHETT AR ERCK
AT DY FE iR RE i DR S d
TX S AN = 8] A AN
AR




42

MM [BEREHNSE

PERG VMS, X — B AE T ZAENBUS T RIFACR . KEXT VAX 4R
B LB R BT A SO R A R AR B R B 5T X 4 [Clark and Levy 1982;
Wiecek 1982]. Bhandarkar 1 Clark [19911%F VAX 5 RISC i 5 HLIY 5 itk t7 T
BT, FEAR LN VAX W55 T HORMRRE

T VAX BRI, A5 A5 T — M i ik, OV E OE S
HAEPUAZRZEH) (High-Level Language Computer Architecture, f#j#K HLLCA ),
X —is ) RTEHER S A & 51T B 2 (7] ) 22 BE——Gagliardi [1973]F8Z
hyevl SO BYSE SRR B s 5 R)E IOk SE X — H AR . Meyers
[1982]X] 3k — W 3 e e i 75 THEE ML 35 H (%) Jy s Al 7 ARG B2 . 4K,
HLLCA - ARAERNL A 2520 TR NLIN A s W Il 1 = ah &
SEICHARFR AR, FH IR RS REE T S UE 5 S o ] PRy 2R 5 5K
g4, PREE TR RPERE . SRR G, RIBTREMR T AR R

REESEITEN

20 fH22 80 AE XA, THEHLIA £ 450 9 & & T 1) TF I M A v T 4
PR S F ) BB R AL 1T Ditzel Fil Patterson [1980] Z3#7 T i 2k 5K R
SEAIERE A RXE, IAH AR IT SRAE T S AR . 725 —Riie 30 [Patterson
F1 Ditzel 19801, ffiTE RITE TR T84 8118 ML ( Reduced Instruction Set
Computer, RISC ) FURES:, 41 T RIS 8. 1ER VAX KR Z5HE 1T
#, Clark #1 Strecker [1980] XM A TAYE I EE H T 5 5% .

& MIPS X FE U fi] B load-store T HLIE # #FR A RISC 444 . RISC 28441
YR AT LB W22 6600 B3 HEHL, 4T Thornton, Cray 58 NIATR 2T A 4E i
BAPEFE R R AL P A BB . Cray 78 CRAY-1 HFELE T AR HL I i
L4t Rk RISC 2T =50 H AT : fA5EH RISC AbBEg: | IBM
801 FHHr AR MIPS AbFRER . 3 e 44 A 75 FRZEAH Rl H AR S50 T PR RE L HA 15
Pl 2 3 5 A5G 1R 1T Tk AR

AT 1975 41 IBM 3t H S e FH s H e A 935 H S IBM LT
h 24 5L ECL/NEIAIL, TR 27350 H 2 55T MOS 14 32 (b #1485 - John Cocke #¢
AR 801 #5112 4L, L HIBTHRIRS T Eckert—Mauchly 22 F1 /& 2 %2  Radin [1982]
TR T 801 ZEMAYSE A 801 S2— NI H , MAITE A R i o SEBR
B, N TRERRAS NS e, ZITRAULIL S T 24 (i fFas

1980 4F, Patterson FMAEAA 2RI RIFA TG 8 T — A5 H, BT 17X
¥ J71:“RISC”iX — 4 B ( see Patterson and Ditzel [1980] ). fBfi ¥4 T &11E
L, 4353k RISC-1 1 RISC-I1, 1§ IBM 3 H A KA BT, 47 51 141 BA
TEAE)™ RISC J7 ik HH MV E FIXHZEOR 432 2 G H 3 A ik Bt 1 e i SRR
G183 RISC Y482 % F£Z — (see Patterson et al. [1983] ), X A7 SCRENAE Y
16 571 32 (454, (HZAF P 128 32 05 o AR e A AT BABE 5 18 I J% 1 T ) Smalltalk
() RISC 11554l ( HH Ungar 58 A\ [1984] /41 ) Filifi [ LISP ) RISC 115 (
Taylor % A [1986] /47 )-

1981 4, Hennessy FMLAESAR AR FAT AR T X5 0 AR MIPS THEHLE
I BRI BT AP a 4 B A0 it K R B2 2 MIPS TR bs et iy




M.4 E<ENERE

ANEEEE 5  MIPS AR To BB K 4 B B i UG BE4%( Microprocessor without
Interlocked Pipeline Stages ), Mt 1 iZB /D {4 FH T A5 K i pL
ki 0 ST AL EFE A R ORI OC &

% 2 LT RISC HHEAL——801 . RISC-II Fil MIPS——A 4 2 3L [A] i . i
KT HERE) TR —FhREREAE R 2 FREE b P KR il % ( VLST)
TE AR I BN A = ST FENLACR A T 5#7 1oad-store ZEA4) 1 & 2 4% =X 1)
32 (184, JTRIAERLA /K% . Patterson [1985] iR T X = H 1AM
HHEARVE I, 3285 5 R i RISC LAY BLEIHAE ; Hennessy [1984]
U A5 —AF B TR T AR R A BRS:, DKe VILST Ab B 85 F i Al el [ A

1985 4F, Hennessy &% | —55 & T RISC HEREAL S B, 48 I HAMELE T
B 2R A 5 455 A R ( CPL): RISC AbFEE$(%) CPLIK T 2, 1M VAX-11/780
(%) CPI #xt 10 AW TAERZATE AR ). Emer H1 Clark [1984] f)—
RSO VAX-11/780 PERER 44T, #5 Bl RISC ifF 55 A BB T Ha B LI REL
E TIPS/

F 1983-1984 4 K221 H 58 MU , X IR AR Tl 5t 2 3552 . 1F 2 Rt
SEHLHIE R (1986 AEATA: 1Y ) AR RRAATT Y™ i RISC AL, (HaX 2L B 1
AEZ RN THEFEWER, mEdE TSR,

1986 4%, ML T Gh ¥ HH 3L F3X =4~ RISC WFFE i H H AR A b BiEs
Moussouris 25 A\ [1986] iR T MIPS R2000 ®54b %S , Kane HF55E [1986] N
PRAL TIZ A SE R IR . BRI 1/ NBRUHIL R B el RISC 42445 Lee
[1989] ##iA T HP Precision Architecture., IBM %A E #2245 801 Ak =iy, T J&
W LI FH T —FhBr I8, A9 5 33F IBM RT-PC, Jf7E— R 5
WA A4 [Waters 19861, 1990 4E, IBM & 4ii T #HY RISC 2244 RS 6000,
XL FOBARR RISC Zb %% . 1987 4F, Sun Microsystems JT 154 H 3T SPARC
B HAA L, SPARC S A RISC-IT Zb IR 28 B A= 4844 5 AHOG N 25 I, Garner
25N (19881, PowerPC ZAA I JEESR | IBM FIEEFE S Hi =05 AU AE R . B 55
K 45 17 JLFP RISC 2244

R T B P RISC SIEG ST SIE, VAX A PEERSETHE J5 R4 VAX I
RISC ZbHigS EAT T8 & HedR, T 45 AHUT ) VAX 8700 Al MIPS M2000.
VAX FI MIPS i1t BAn A, B 2E 7 B2 . VAX JEH A 500 e e Al
RS B SR T 5K ) F-HERR 448 4 R RUHE 2 i R/ i A7 A4 5 1
MIPS 38 3K 5 K 2 52 3 i PERE RS0 87 2 P LA R 5 v BE LA i 1
Bk, IR TR A4 | iR FhEE | B KRR R MK AR .

B M.1 BR THATHE A% . CPL IR AL P R PERE L%,
TFHER AR, MBS Arh R IS ] A ] . MIPS P04 T A3 2B 22 VAX P
Ifif VAX [¥) CPI ZJJ2& MIPS HY/fi% . R, MIPS M2000 FPERE JLF-J2&: VAX 8700
(=A%, BeAh, g MIPS AbBRER T RE BOE (e F VAX AbPRER . XA iERE S
BAS Y 22 FE AR 8 2213 VAX P28 ml e T MIPS #9775, ARG T
VAX, #fiR 5 MIPS JE# HHBLEY Alpha 2244, Bell F1 Strecker [1998] #4E T

43



44

MIPS/VAX

MM BRRENSE

N TN . I, 2280 — RITENLA A BRI AT LAY E AL
1% DEC, FAEN HP Fl Intel 58 AETE

Performance
ratio

Instructions
executed ratio

A .
> & & S N

9
& ) & P ng‘ &

SPEC89 benchmarks

EM.1  {if SPEC89 #2751 MIPS M2000 55 VAX 8700 1EUFTHE A KR4 B A M RE T A0 EL 3R, S35, MIPS 4
TTHITE S HCEIE 2T VAX BT, 15 VAX IREEFE 4 JRE (CPT) JLAF/2& MIPS i754%, L MIPS YehRE L B 1L —

frftd, (%3 T Bhandarkar F1 Clark [1991]. )

mlEiat 25, 78 RISC 5 CISC By4+ig, R —MRE A4 E AN A%

FRUAAE TR, I HIZA8 A8 S PC B —H#EHIFRZ . BT PCATML R Y
TRk, PR T R RIS A R AT BN B AR, TRl 4 TR IR E

AR AR MY, 5T E RRAETE N AR CISC 45244t Ay RISC 454 Hy kb
PRER A AT o R X R S BUR KRB B A T RIE A, MTTRRAR T
R EXRRE e T K AR T SRR RN ] oA it T B B ol P S A R T
kb

A H 2, Intel HLES AR 80x86 FR A A AR SR AN & 1 o THRA 11T T
IA-64 25K, DS 64 A0 541311 RISC XA HE 56715 . TA-64 ZEM ) S IR
FUAE Ttanium-1 A1 Itanium-2 ZbPRES | ( see Huck et al. [2000] ), HiaE=Z 1224,
FEARTEVE BN, FH 5 T U T = e e, (B ERE— ELRN RN A& BE41, Ttanium
b PHES A AR B RN B T BERAR R, DAt R . TA-64 4R MR =1k,
5 RISC BLEZR/DER /AT, Johet P BOLIAETIH SR R Z —.

FHEEZ R, AMD S8 T BEERK 32 7l 5 2] 64 fidtihl, 25T Intel 24
445 80386 M 16 itk FE# 32 {7 ik (i . BEJS Intel 315 T AMD., it
2%, 80x86 ZEAHTETI I LI E RALH., H R XIS WA 2 Intel HLXELIHE
£ 8



M.4 ESERNIRRE
&

Alexander, W. G., and D. B. Wortman [1975]. “Static and dynamic characteristics
of XPL programs,” IEEE Computer 8:11 (November), 41-46.

Amdahl, G. M., G. A. Blaauw, and F. P. Brooks, Jr. [1964]. “Architecture of the
IBM System 360,” IBM J. Research and Development 8:2 (April), 87-101.

Barton, R. S. [1961]. “A new approach to the functional design of a computer,”
Proc. Western Joint Computer Conf., May 9-11, 1961, Los Angeles, Calif., 393—
396.

Bell, G., R. Cady, H. McFarland, B. DeLagi, J. O’Laughlin, R. Noonan, and W.
Wulf [1970]. “A new architecture for mini-computers: The DEC PDP-11,” Proc.
AFIPS SJCC, May 5-7, 1970, Atlantic City, N.J., 657-675.

Bell, G., and W. D. Strecker [1998]. “Computer structures: What have we learned
from the PDP-117” in G. S. Sohi, ed., 25 Years of the International Symposia on
Computer Architecture (Selected Papers), ACM, New York, 138-151.

Bhandarkar, D. P. [1995]. Alpha Architecture and Implementations, Digital Press,
Newton, Mass.

Bhandarkar, D., and D. W. Clark [1991]. “Performance from architecture:
Comparing a RISC and a CISC with similar hardware organizations,” Proc.
Fourth nt’l. Conf. on Architectural Support for Programming Languages and
Operating Systems (ASPLOS), April 8-11, 1991, Palo Alto, Calif., 310-319.

Bier, J. [1997]. “The evolution of DSP processors,” paper presented at University
of California, Berkeley, November 14.

Boddie, J. R. [2000]. “History of DSPs,” www.lucent.com/micro/dsp/dsphist.
html.

Case, R. P., and A. Padegs [1978]. “The architecture of the IBM System/370,”
Communications of the ACM 21:1, 73-96.

Chow, F. C. [1983]. “A Portable Machine-Independent Global Optimizer— Design
and Measurements,” Ph.D. thesis, Stanford University, Palo Alto, Calif.

Clark, D., and H. Levy [1982]. “Measurement and analysis of instruction set
use in the VAX-11/780,” Proc. Ninth Annual Int’l. Symposium on Computer
Architecture (ISCA), April 26-29, 1982, Austin, Tex., 9-17.

Clark, D., and W. D. Strecker [1980]. “Comments on ‘the case for the reduced
instruction set computer,”” Computer Architecture News 8:6 (October), 34-38.

Crawford, J., and P. Gelsinger [1988]. Programming the 80386, Sybex Books,
Alameda, Calif.

Darcy, J. D., and D. Gay [1996]. “FLECKmarks: Measuring floating point
performance using a full IEEE compliant arithmetic benchmark,” CS 252 class
project, University of California, Berkeley (see http://www.sonic.net/#jddarcy/
Research/fleckmrk.pdf).

Digital Semiconductor. [1996]. Alpha Architecture Handbook, Version 3, Digital
Press, Maynard, Mass.

Ditzel, D. R., and D. A. Patterson [1980]. “Retrospective on high-level language
computer architecture,” Proc. Seventh Annual Int’l. Symposium on Computer
Architecture (ISCA), May 6-8, 1980, La Baule, France, 97-104.

45


http://www.sonic.net/#jddarcy/Research/fleckmrk.pdf
http://www.sonic.net/#jddarcy/Research/fleckmrk.pdf

46

MM [BEREHNSE

Emer, J. S., and D. W. Clark [1984]. “A characterization of processor performance
in the VAX-11/780,” Proc. 11th Annual Int’l. Symposium on Computer
Architecture (ISCA), June 5-7, 1984, Ann Arbor, Mich., 301-310.

Furber, S. B. [2000]. ARM system-on-chip architecture. Addison-Wesley, Boston,
Mass.

Gagliardi, U. O. [1973]. “Report of workshop 4—software-related advances in
computer hardware,” Proc. Symposium on the High Cost of Software, September
17-19, 1973, Monterey, Calif., 99-120.

Game, M., and A. Booker [1999]. “CodePack code compression for PowerPC
processors,” MicroNews, 5:1.

Garner, R., A. Agarwal, F. Briggs, E. Brown, D. Hough, B. Joy, S. Kleiman, S.
Muchnick, M. Namjoo, D. Patterson, J. Pendleton, and R. Tuck [1988]. “Scalable
processor architecture (SPARC),” Proc. IEEE COMPCON, February 29— March
4, 1988, San Francisco, 278-283.

Hauck, E. A., and B. A. Dent [1968]. “Burroughs’ B6500/B7500 stack
mechanism,” Proc. AFIPS SICC, April 30-May 2, 1968, Atlantic City, N.J.,
245-251.

Hennessy, J. [1984]. “VLSI processor architecture,” IEEE Trans. on Computers C-
33:11 (December), 1221-1246.

Hennessy, J. [1985]. “VLSI RISC processors,” VLSI Systems Design 6:10
(October), 22-32.

Hennessy, J., N. Jouppi, F. Baskett, and J. Gill [1981]. “MIPS: A VLSI processor
architecture,” in CMU Conference on VLSI Systems and Computations,
Computer Science Press, Rockville, Md.

Hewlett-Packard. [1994]. PA-RISC 2.0 Architecture Reference Manual, 3rd ed.,
Hewlett-Packard, Palo Alto, Calif.

Hitachi. [1997]. SuperH RISC Engine SH7700 Series Programming Manual,
Hitachi, Santa Clara, Calif.

Huck, J. et al. [2000]. “Introducing the IA-64 Architecture” IEEE Micro, 20:5,
(September—October), 12-23.

IBM. [1994]. The PowerPC Architecture, Morgan Kaufmann, San Francisco.

Intel. [2001]. “Using MMX instructions to convert RGB to
YUV color conversion,” cedar.intel.com/cgi-bin/ids.dll/content/content.jsp?
cntKey=Legacy:: irtm_AP548_9996&cntType=IDS_EDITORIAL.

Kahan, J. [1990]. “On the advantage of the 8087’s stack,” unpublished course notes,
Computer Science Division, University of California, Berkeley.

Kane, G. [1986]. MIPS R2000 RISC Architecture, Prentice Hall, Englewood Cliffs,
N.J.

Kane, G. [1996]. PA-RISC 2.0 Architecture, Prentice Hall, Upper Saddle River,
NJ.

Kane, G., and J. Heinrich [1992]. MIPS RISC Architecture, Prentice Hall,
Englewood Cliffs, N.J.

Kissell, K. D. [1997]. “MIPS16: High-density for the embedded market,” Proc.
Real Time Systems *97, June 15, 1997, Las Vegas, Nev.



M.4 ESERNIRRE

Kozyrakis, C. [2000]. “Vector IRAM: A media-oriented vector processor with
embedded DRAM,” paper presented at Hot Chips 12, August 1315, 2000, Palo
Alto, Calif, 13-15.

Lee, R. [1989]. “Precision architecture,” Computer 22:1 (January), 78-91.

Levy, H., and R. Eckhouse [1989]. Computer Programming and Architecture: The
VAX, Digital Press, Boston.

Lindholm, T., and F. Yellin [1999]. The Java Virtual Machine Specification, 2nd
ed., Addison-Wesley, Reading, Mass.

Lunde, A. [1977]. “Empirical evaluation of some features of instruction set
processor architecture,” Communications of the ACM 20:3 (March), 143—-152.

Magenheimer, D. J., L. Peters, K. W. Pettis, and D. Zuras [1988]. “Integer
multiplication and division on the HP precision architecture,” IEEE Trans. on
Computers 37:8, 980-990.

McGhan, H., and M. O’Connor [1998]. “PicoJava: A direct execution engine for
Java bytecode,” Computer 31:10 (October), 22-30.

McKeeman, W. M. [1967]. “Language directed computer design,” Proc. AFIPS
Fall Joint Computer Conf., November 14-16, 1967, Washington, D.C., 413—
417.

Meyers, G. J. [1978]. “The evaluation of expressions in a storage-to-storage
architecture,” Computer Architecture News 7:3 (October), 20-23.

Meyers, G. J. [1982]. Advances in Computer Architecture, 2nd ed., Wiley, New
York.

MIPS. [1997]. MIPS16 Application Specific Extension Product Description.

Mitsubishi. [1996]. Mitsubishi 32-Bit Single Chip Microcomputer M32R Family
Software Manual, Mitsubishi, Cypress, Calif.

Morse, S., B. Ravenal, S. Mazor, and W. Pohlman [1980]. “Intel microprocessors
— 8080 to 8086,” Computer 13:10 (October).

Moussouris, J., L. Crudele, D. Freitas, C. Hansen, E. Hudson, S. Przybylski, T.
Riordan, and C. Rowen [1986]. “A CMOS RISC processor with integrated
system functions,” Proc. IEEE COMPCON, March 3-6, 1986, San Francisco,
191.

Muchnick, S. S. [1988]. “Optimizing compilers for SPARC,” Sun Technology 1:3
(Summer), 64-77.

Palmer, J., and S. Morse [1984]. The 8087 Primer, John Wiley & Sons, New York,
93.

Patterson, D. [1985]. “Reduced instruction set computers,” Communications of the
ACM 28:1 (January), 8-21.

Patterson, D. A., and D. R. Ditzel [1980]. “The case for the reduced instruction set
computer,” Computer Architecture News 8:6 (October), 25-33.

Patterson, D. A., P. Garrison, M. Hill, D. Lioupis, C. Nyberg, T. Sippel, and K.
Van Dyke [1983]. “Architecture of a VLSI instruction cache for a RISC,” 10th
Annual Int’l. Conf. on Computer Architecture Conf. Proc., June 13-16, 1983,
Stockholm, Sweden, 108—116.

47



48

MM [BEREHNSE

Radin, G. [1982]. “The 801 minicomputer,” Proc. Symposium Architectural
Support for Programming Languages and Operating Systems (ASPLOS), March
1- 3, 1982, Palo Alto, Calif., 39-47.

Riemens, A., K. A. Vissers, R. J. Schutten, F. W. Sijstermans, G. J. Hekstra, and G.
D. La Hei [1999]. “Trimedia CPU64 application domain and benchmark suite,”
Proc. IEEE Int’l. Conf. on Computer Design: VLSI in Computers and Processors
(ICCD’99), October 10-13, 1999, Austin, Tex., 580-585.

Ropers, A., H. W. Lollman, and J. Wellhausen [1999]. DSPstone: Texas
Instruments TMS320C54x, Tech. Rep. Nr. IB 315 1999/9-ISS-Version
0.9, Aachen University of Technology, Aaachen, Germany (www.ert.rwth-
aachen.de/Projekte/Tools/coal/dspstone_c54x/index.html).

Shustek, L. J. [1978]. “Analysis and Performance of Computer Instruction Sets,”
Ph.D. dissertation, Stanford University, Palo Alto, Calif.

Silicon Graphics. [1996]. MIPS V Instruction Set (see http://www.sgi.com/MIPS/
arch/ISAS5/~MIPSV_indx).

Sites, R. L., and R. Witek, eds. [1995]. Alpha Architecture Reference Manual, 2nd
ed., Digital Press, Newton, Mass.

Strauss, W. [1998]. “DSP Strategies 2002,” www.usadata.com/market_research/
spr_05/spr_r127-005.htm.

Strecker, W. D. [1978]. “VAX-11/780: A virtual address extension of the PDP-11
family,” Proc. AFIPS National Computer Conf., June 5-8, 1978, Anaheim, Calif.,
47, 967-980.

Sun Microsystems. [1989]. The SPARC Architectural Manual, Version 8, Part No.
800-1399-09, Sun Microsystems, Santa Clara, Calif.

Tanenbaum, A. S. [1978]. “Implications of structured programming for machine
architecture,” Communications of the ACM 21:3 (March), 237-246.

Taylor, G., P. Hilfinger, J. Larus, D. Patterson, and B. Zorn [1986]. “Evaluation of
the SPUR LISP architecture,” Proc. 13th Annual Int’l. Symposium on Computer
Architecture (ISCA), June 2-5, 1986, Tokyo.

Texas Instruments [2000]. “History of innovation: 1980s,” www.ti.com/corp/
docs/company /history/1980s.shtml.

Thornton, J. E. [1964]. “Parallel operation in Control Data 6600,” Proc. AFIPS Fall
Joint Computer Conf., Part II, October 27-29, 1964, San Francisco, 26, 33—40.

Ungar, D., R. Blau, P. Foley, D. Samples, and D. Patterson [1984]. “Architecture of
SOAR: Smalltalk on a RISC,” Proc. 11th Annual Int’l. Symposium on Computer
Architecture (ISCA), June 5-7, 1984, Ann Arbor, Mich., 188-197.

van Eijndhoven, J. T. J., F. W. Sijstermans, K. A. Vissers, E. J. D. Pol, M. 1. A.
Tromp, P. Struik, R. H. J. Bloks, P. van der Wolf, A. D. Pimentel, and H. P.
E. Vranken [1999]. “Trimedia CPU64 architecture,” Proc. IEEE Int’l. Conf. on
Computer Design: VLSI in Computers and Processors (ICCD’99), October 10—
13, 1999, Austin, Tex., 586-592.

Wakerly, J. [1989]. Microcomputer Architecture and Programming, Wiley, New
York.

Waters, F. (ed.) [1986]. IBM RT Personal Computer Technology, SA 23-1057,
IBM, Austin, Tex.


http://www.sgi.com/MIPS/arch/ISA5/~MIPSV_indx
http://www.sgi.com/MIPS/arch/ISA5/~MIPSV_indx

M.4 E<ENERE

Weaver, D. L., and T. Germond [1994]. The SPARC Architectural Manual, Version
9, Prentice Hall, Englewood Cliffs, N.J.

Weiss, S., and J. E. Smith [1994]. Power and PowerPC, Morgan Kaufmann, San
Francisco.

Wiecek, C. [1982]. “A case study of the VAX 11 instruction set usage for compiler
execution,” Proc. Symposium on Architectural Support for Programming
Languages and Operating Systems (ASPLOS), March 1-3, 1982, Palo Alto,
Calif., 177-184.

Wulf, W. [1981]. “Compilers and computer architecture,” Computer 14:7 (July),
41-47.

M.5 RKEHIBSHHIFTHRRE

BHARRIKE CPU

S—NE IR K LA FRES BN R S Stretch, E IBM 7030, Stretch k7K T
IBM 704, HARsE L 704 P 100 £ XA~ BARTE B H AR F2— MR
ik, PIATE] 1 “Stretch” ({1 ) AUNEFR. THRIJEM R TNk, 52
g | B APU TR E S, NS 1.6 f5 A9 HEREHE T Bloch [1959] 1 Bucholtz
[1962] #id TIZBT M TR AU, dEEAREH AT (ALU ) 588

20 42 70 A AR AN 80 A4 ) H B — ZR B F K Rk, BRAE T
KARATARE I T 187 K Ze b it T R A AR R o X SR fl 4
Keller [1975]. Ramamoorthy F1Li [1977]. Chen [1980], LKL 18R /K LAY
Kogge [1981], Davidson X H:[F5 [1971, 1975] $2H T Hi/KLTHEEZE (pipeline
reservation tables ) MMER:, VE M4 RS0 2 W K it ke (Kogge
[1981] AR ). P2 THEERITHR/K L8 S V8 B AT, #RH T
SR AR A

RISC AR WA 18 T 5 TSR K Zefb. 20 t42 80 4FEALH)
RFWJURH RISC e3¢, iE ks S itk R PERe L. SR, &efi
AR 1 8943 M7 & Bhandarkar A1 Clark T 1991 4F % & (1)—F X%} VAX Fl MIPS 281
B EAES (L ML1), XBRSS—4It RISC I SCRRTAH 10 4F, &3t 10 4ER 6T
RISC LI 48, X510 S5 R 2 R MR BEry i i34t 5 Ik T RISC 45
o 2 liby e g

J.E. Smith X H W55 &£ T 210 3C, W98 mdibn i CPU T84 & 49) . 5
AL PR KR IR . Kunkel F1 Smith [1986] T4 T 7K £ TF45 R 56 2 % e
PR R IR EEBE PRI RE M, XA BT S XK e e M A T T H i
1118, Smith 1 Pleszkun [1988] PEA 1 ZFP KGR . Weiss Fl Smith
[1984] PFAL T 2R REF K 2k 8 B NS £ & SR

MIPS R4000 /2 fiz 7 AR BE it /K Ze b 348 2 —, Killian [1991] Fl Heinrich
[1993] X HAAT THEIR . AN Alpha 328 ( Alpha 21064 ) EARLIFEA4E
FREEORK A5, TR CATTR A T B 2 K R 8.

49



50

MM [BEREHNSE

MEBSRAERMSIA

1964 4E, CDC 22 T £ CDC 6600, CDC 6600 TEVFZ5 )5 M #R-IE & s
BR T B AR AR (scoreboarding ) 41, CDC 6600 i 255 —& ) 2 i FHZ 4
DIREHTCIALFRES . IR FL A T (1 2L 2R SR RS S BT B T /K2R
5851 Z BIRAEAER, R A T @ #AY load-store 8452 LIE FE IR K 28
S, CDC 6600 ihk H] T Jei 13254 R . Thornton [1964] #iiA T i /KZ AN
1/O A FRASAENY , AETLFHE 2 HUTIIRES . Thornton AYZ4F [1970] XF#&~4b
PRESHEAT TSR, HORBIZER, JF i Cray 85 THIS o (BRI, XA
T HEE 4R, ) CDC 6600 iAFL% | T FORTRAN Zmifde g &4, A
KN ZH Thorlin [1967] #-47 TR .

IBM 360 Model 91: EHBEREXNITEN

IBM 360/91 5| A TV 28, 45 R0 tagging ). FFAFAR HAn 44 . )
KM NAF 9 DL R SRS K& F5 7R . Tomasulo B2 78 H: 1967 - A8 SCH AT
T & . Anderson , Sparacio #1 Tomasulo [1967] /41 T iz AL BRESAO A 71, £
553 ST 360/91 Wit i/F 22 JEARAE S 25 45 B IR B, B2 1990
ERABZEHCRH . AENE, 360/91 KRBT, HEIEFAHIR. &
T et S BCHARE I T80, (AR BCA 241 1 3 IBM AL LT Model 85 4
BHET 360/91.

SIS E

J. E. Smith [1981] $#i& T 2 {7 shZAM {47 32 7 7% . Ditzel Fl McLellan
[1987]1 /43 T FI-F CRISP BB s3T50 3 HbRZ& vhi#% ( branch-target buffer ),
R MPES I T 4 2978 (branch folding ). A 5T AUAH TN ES H Pan. So
11 Rameh [1992] ffiif. Yeh il Patt [1992, 1993] ) T AHI&PE T A9 AR, H5
TR S DT R Z RN A, X5 21264 Hh SRR D sk F g2
{8l McFarling 75 H: 1993 4 YH ARtk T PR W25 B 4% ( combined
predictor ) [ HRFRFE TN 7 5 o UL ARIA VF 23T L BORAH SC T 2 AR AR A
B3 S 8 SC o Kaeli A1 Emma [1991] 43 1 2% [F1 ik Fil] , Evers 56 A [1998]
X Z RIS HEAT TIRA ST 4 3 B /R A8 % F Skadron %8 A [1999].
R T HRPRFEIUMER Z A1, A LRI J7 58 il Gty K AR S PERESE T, Eden 1
Mudge [1998] LA & Jimenez F1 Lin [2002] %207 23607 T #6A

ERGFLEZNER

IBM 7E 2 &4 ( multiple issue ) FAR S T FF-AIPE TAE. 1960 454X, fin
AR JEMIN B BEAT— 1440 ACS IR H o I H & T 2R M, $2H 1
SAWET % (RIRIL Tomasulo Jr R R, HH] T & ids ), 9T
XF 73 SCHAR AR T . ACS T H S W E N — A AR i3 B 3 H R AT, 4k
Stretch Z J& , B TE#HE CDC 6600/6800. ‘B RHIIEA LIHAT, J5KiE 22
T, BN S /360 BEH | 2B HUH . John Cocke S&iZ A BAAYAZ Lo 5t 22—,
BABS A 451V 2 IBM W& ZERAFE TRk, 4N Jack Bertram . Ed Sussenguth |
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Gene Amdahl , Herb Schorr | Fran Allen , Lynn Conway Fll Phil Dauber 45 . /45 45
eI T VF 230 DLIFAE IBM AMER ™ A T IRIE 2 , {E I 280 JEAR R
IV AEHE T ACS Wi H #5523 B9 FF R AT T www.cs.clemson.edu/ ~mark/
acs.html, H:AP{FEXT ACS S Z 5 & WUHR MAAEYERE, Sussenguth [1999]42
HET ACS 1 RIAFLRA,

SER b A ELIEHE ) T 0 2 & AR K Z R A T LIW 8 VLIW %177
%, Charlesworth [1981] izif |~ Floating Point Systems HJ AP-120B , iX J2&fix- - H T
TEALIRAT 2 — , B IRAR & 2 RAE A R TE G PR AT 5 G i rh AT
T A RK R ER USE T BRARACR . BT AP-120B &R hnab s, PR aT
D) Z2 W3 FH AL AR T SR 2 e S B B B R 2 MERT (AN AU AE AN i Ab 3R )

F] VLIW AL HEER (40 AP-120B F1i860 ) SR F T —FhA5 BRAYIA K £k 4H 41
A PRAETR LR ML @ TR ST, 45 SR IR K AR v R, FE e 2teab
BRgs 1 A TR SRRk N A R 3E; — SR8 a8 e — DA R T B
SEER BARZEFAS , DR ERAE AR, Z 0T A 45 SR pl e th ik e o X Rl ik
DL SRS IR BARar ey RATESEBR S AR A T8, Iiisdkte TR SRS
(WAW) 551 (WAR) BR AR, SR C ARG K, BENTEAAAEXT
PSR K G P B ERAE R ST EL AT HAt A (R BU R I, n] BB 224H A S 184k
(no-ops ) KHESHEERAMEH KL . 5L -0 T BN, JLP A&
FRERE T AHEAS K4k (self-draining pipelines ), BIYE %S854 M8 E HERAHAE
i, T8 RS IE BT S8 i, Joia BA sl o X RO E ARS8 BE RS A T Ak
D7 T DL L T Mk -2 5 i i Ab o

1980 4EARHIN, 25 H 51 THMIEX M2 L0 flan, i
MIPS 4b PR A5 SCRFTE SRR 2 U PR, (B THERE S %, X —IIRETE
PP RAHBEBUN o Fisher [1983] S HBE 2RI gif il 1T T84 AL B &R AEE
&, W T S12 IR AT I FRER A ARAS A BCR ] T Fisher [1981] 4]
WA KRS & BB EE PR (trace scheduling ) %K . Fisher 25 A [1984] Fll
Ellis [1986] fifii 1 12 Ab HILE5 38 B V] B2 14 S AN 1 o

BARIBM BUH T ACS Wi H , {H7E 1980 4EAIZAUR B 55 fE4kSE . ACS
BEHOH T 24F )5, John Cocke #2117 —SHi AR AL BRER I 7 58, IZAb 3SR
RES ShASHb AT & 3K s RN Tilak Agerwala 78 1980 4FAX FRIAY S LYK E Pk
IR Tk SO E, B Tl Ara (superscalar ) "iXARIE . PRI MK
1A America; IX—iXiTH Agerwala 1 Cocke [1987] #iit. IBM i Powerl Z2
¥ (RS/6000 251 ) KT X2 E (see Bakoglu et al. [1989] ).

J.E. Smith [1984] FIl /e BT HE RS2 RIS TR T — MBIk , 1%
D7 AL R BN FIK IR EE ) 2 K 5 o AL I — D OB RE e A2 A
KAL) Z BRI, [k fei/f HAE HoAth 5228 1) Z A ik
ZJGish. Smith & A [1987] iR Astronautics ZS-1 R H T X Fprek, A

BAF1 1% 2 1oad-store FALICFIERVERAIC, Power2 Beit AL 7 X Adi A% . T. E.

Smith [1989] it A T NASTHREMILE, IR H- SRS AT T HH .

51



52

MM [BEREHNSE

HEMPA T RO IR T 5011 360/91, ZALBEERHAT T —FPEH A PR A=
W o B AbFRER P RS & T 360/91 MBI FEERAR T — G2 i X DA
FeVFHE PR o Smith F1 Pleszkun [1988] ¥ 1 (8 FHZZ w4 ok i 116, -4
BT HEHTFZPIX. (re-order buffer ) AJHEE . Sohi [1990] ik T ¥ i iy 4% Fl
AR, (EASHEIIHLE] B0 B RLCA AT BE . Pact A Y [R] 35 2 AR F1 B HE 7 A
MRy RIS R . MR TR A SRR LG, R T —FPFKh HPSm (1
ik, X JE Tomasulo B AP & [Hwu and Patt 1986].

Smith, Johnson Fll Horowitz [1989] {8 F E5HE /5 2% th 5 ARTEAS T 18 2 K& S 4k
FRAS T A AR A s AT TAY B bR 2 2E e Rl A SRt v R A AN 22 S
AT ILP, 7ER)S 1943, Johnson [1990] #iiR T — MM T B bR i AL HEES
(1511 Johnson J5 k4T T AMD K-5 %31, g S bR g2 —.

Sbriat kR FIES, XF VLIW J5k i@l 268t Ae 8 in . Multiflowsee
Colwell et al. [1987] ) J& THRE KA T A BOBES:, O T S mizdr ik iy s v okA
T E B G b R D ARG SE v X R AL TR HEINE Y
. mAREH TR 100 5 Multiflow ZbEEER , (Hi 5 A—A/NAFLHITE S
B RMELL SRl RISC b FEGS HYSE 5 U 1/ NSRRI I 2 05, =
T Multiflow 23 &) U

5 Multiflow [F#], Cydrome {37, HAGE T —F VLIW XU AYALFRES ( see
Rau et al. [1989] ), {HFER I LB AREM ). Dehnert, Hsu #1 Bratt [1989] fi#
BT Cydrome Cydra 5 MUZERGFITERE, X2 —FhEA ST A74% S a4 AR A
WKL SRR A8 2 F AL FRES . Cydra 5 JEREAFIEAAIERSE &, ALFE SR
A A enies%, B1EK M ILP, Cydrome Lt Multiflow ZbFR &K #6 5F £ A4 i
P, JF FEEAE MR XA A L SC8 T A RS TR . 2, Cydrome i T
5 Multiflow ZURRIRE, AREEFDALD) . 45 Multiflow Fl1 Cydrome 7E AR
SCARRBERLT, (HEEFE T —HAE R ILP DL R Seit it e BoR i 456 & /Y
Nt HAR 2 KA T 255 AR T-BeRl A 1B —ARAL AR . Fisher Fl1 Rau
[1993] Zf T — A< T 553X PO > E B AL JER A R RN N 2R B U B .

Rau i T —FFR 2R BE IR EEHOR , R KRB K 7
ZAYFEAE ( see Rau, Glaeser and Picard [1982] ), Rau Y TAE#@: 7 7E Davidson £l
A R =FATT OG T I K 2R A B 88 %) S AR ] B 8 A LD TR SE A 1, HAth
Ji S F A LIW 2 Z8 4045 Apollo DN 10000 F11 Intel 860, 1% M#R ] LA A& 5
TR RN

RIFRARME AT E SRR

PEARH AT RIS 34T 3 22 f D. Kuck FMRAE 1970 4R R K24
BRI T 2 o AT TR B3 1 F RO 1 S At ( anti-dependency ) 1y 4K
i ( output-dependency ), I FF & T JLARHERCH PN, £245 GCD F1 Banerjee
MR J5E LA Uptal Banerjee 744, 148 ZFARIK . St & FHGPE 34T
TAEEERAE FH— R RS, S UL —Fh#K A Fourier—Motzkin 24 ALK
BELE R, D. Maydan A1 W. Pugh #753 B3 SEAE A0 328 7y 510 & — A 52 FH ) i ok
E
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TEfR R FHE ILP 8k, FIIMIr2 TA/ES VLIW BRI LA ¢,
WIRTATIA . Lam [1988] H & T /KA, IR T HAE Warp (—Fi by
TRI BT RERTE2 F A AT ) ERYMEFH . Weiss H1 Smith [1987] HoA T4k
KL STEA T ENFERUK LRSS b U IR EE B9FE R . Rau [1994] FF
RV, DA K AR IR, [R] i A P25 A7 4% 3T

FEAS PG OL N RE T XA R B 0 Sk, fs — S ab et 7 —
b Z20m S i R, DA Ao i/ S AU ) B i 2 (31 4n, MIPS TFP AbPEZ% [Hsu
19947 )o JUA/INHFRTT T XA AR 3] B2 254 7 S0 RO s A2 S i AR o Bl
Smith, Horowitz 1 Lam [1992] flli& T —/™#% & boosting A&, HA L& —4>
SCREHEIN A RE R, (L ERHE T — R A R ZALE, 24T TA-64 Fll Crusoe,
N EEJH E ( sentinel scheduling ) FYAEE:, 2SI Crusoe Fl IA-64 ZEA4 Hfii F )
M AR A ik, SR ORI TR SE A HP SIS TSR N S AL R TF & 1Y (see
Mahlke et al. [1992] ).

1E 1990 454{47] , Wen-Mei Hwu FIBAEFRITA TR 22 B [RIF AT K& 77—~
PEARHEZE, BN IMPACT ( see Chang et al. [1991] ), F TR L A M 2H 5915
AHORZBIR S 3 H 7 T LA EEANE , SPGB (superblock
scheduling ) ( see Hwu et al. [1993]), J iz M Habris T4 MLtk (Flan, oS
NI ) DLRATF— MRk 2 o IX (BT ALAT SR P4 Hil e ge X ) i##47
S I N AE R SEAGI ( see Gallagher et al. [1994] )., A fiTif 45+ T 7 Mahlke
5N [1995] HRl oA e 4 S e TRk 2 Ta] ) P RE AU o

FLUIHY RISC AR 1R 43, iIX— 7 R W E A&, LA
TG o3 S I A9 A2 SR 43 SZ AL & o McFarling F1 Hennessy [1986]
XA A BB A A TR 43 S T 77 288647 T 8 & L4, Fisher 1 Freudenberger
[1992] o R 152 T I =2 1) 1) B A —FR AR VTAT 17— ZR AN G PRI 3 S il 5 58 o
Ball Al Larus [1993] P& Calder % A [1997] i T fiff FUSC B AR AT R B AS
%

EPIC 2235 TA-64 BB ER

EPIC ( AT T8 1HA ) I7idn] LUE B 21 R 2 LIW H1 VLIW HLERH)
223, FAJE Cydrome Fl Multiflow (950 H , DL I $68 5] MU 7 HP , FRATE
B2 S H M 7 RS AT 1R e AR AR AT 5 o XTI 26 T AR 28 v
HP BRI T —Fh VLIW XU 1 64 (74244, LI4k7& HP PA RISC 424, 5%
REIR IEAE T4 —F AU 2R M A ERAC x86 ( BUFR M TA-32) ZEFIEAIL 64 (7 fiE
1995 4F, MU PERL T —DEfEK R, ABat—Foiimois, B 1A-64 (see
Huck et al. [2000] ), FIET AL BEES . Itanium (2 Sharangpani il Arora
[2000] ) /&5 — N IXAERUAL AR o 2002 4F, SCRp/RAMEH T8 AU 1A-64 503, AD
Itanium 2 ( see McNairy and Soltis [2003] and McCormick and Knies [2002] ).

33 ILP FlIRS ILP BIEA 5%

— 25N FEA9IE 3, 45 Tjaden I Flynn [1970] Lk A Riseman #1 Foster
[1972], 1S HE58UH, TEARAREFEARREO T, 829050303 T1E L gk
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FHR/NGAR T . X S8 SCTE IR I 4R (4 s ) B W 55 1 248 4 R ST .
Nicolau #1 Fisher [1984] J&E T i TAFLE I EE TAEL R T —Rie3C, FHARRARE
FE A R e 8 A GO T (TLP ),

HARREE, SCFAIH ILP AR ARE . SR 2H0E, ek
BT — R AR SRR AR RS B A i, 3k S0 F i e A DA &
PRAR TLP PRI ARIEAIRA H . Wall 25 T JLIIL 05, 24E Jouppi Fil Wall
[1989] Lk Jz Wall [1991, 1993]. HAR FHARI BB F sy (filan, ENh
AR ), HER G — IR 5 12 4 R 1k b O h g i TLP 5T, I HLJZ2E 3.10
TEPERYFEAY . Sohi Ml Vajapeyam [1989] 244t T X #H K +85- FAC AR Al FHIHEAT
PERYMIEE . Smith. Johnson F11 Horowitz [ 19897 . { F4fEI 4 #8 fn i Ak B 23 S BT
3¢ ILP AYRR . 7EMATIOFEET, T H b ] a2 i A PR g8 2 A BRI T I
B o SR, T SIRN RIKEAFE s ) Ab BEERAR AT RE 2 /05 il T b AR — R HLA L

Skadron %¢ A [1999] #F5E T 5 2005 41 f5e Jeat (1) b B AH 214 114) b B v 014
REAUEE AR S, 5T, USRI 7 B R ) 43 S P A i 2 ol
HE, BRBE 1RSI L

Lam #1 Wilson [1992] #1598 T #EMFRATHI R A BRI, Jf-R I A ipab Hilds
FEZA 07 ) L HEA TR AT IRAR A MR RS, X T B2 R P A (PC ), iX
Fift 7 28 07k AR 5 S I A s, (HE AT Bh T 4 /NBRSE B0 O 6 5 58 58
TR Z [ B 2250 . Wall 1993 4F A58 A FE %5 I 7 % A FRPEAS (2R R A\A
5332 )
SRR RNER

FESCHR PR R I 55— Fp O 2 A FHE UM value prediction ). B AT L3
TR TN . & FAE T A4 2L 2B 1 258 . Lipasti #1 Shen 7E 1996
ERFR T WRGESC, PEAS T(E TR0 1M B Hoxt ILP I FH ¥ A2 . Calder
Reinman Al Tullsen [1999] #8721 WM E FN A9 A 5 . Sodani AT Sohi [1997] M
AR A5 B EL A BE A D T [RIAE A [R] /8, Moshovos 55 A [1997] B, derE
AT A XA T A DN , 38 3 R o 2o i A 2 A5 T , ) o (i 0 S B P
FTHEFEE N, Moshovos F1 Sohi [1997] L M Chrysos il Emer [1998] &3 Fiilll
PIFEARS 1 I R FH I e 1 I3 3 P A7 T PR AR 1 - Gonzélez Fil Gonzalez [1998]
Babbay £l Mendelson [1998] DA}z Calder, Reinman £l Tullsen [1999] 425 T{E Tl
D R BCHTIE S . 1Sk B TR R TG ER, B S WA BT 45 Rk %

I HAAY SE i ab 12 25

1994 4EH1 1995 41, £ KACFEZR | RI2y 2y & A e ) SE A bn i AL B RS (BN
SRR & =45 2354 ): Intel /Y Pentium Pro il Pentium IT ( X A0 FH 5
B AR R R O IR K R 28K, TEDL Colwell il Steck [1995] ); AMD f4 K-5., K-6
F1 Athlon; Sun A9 UltraSPARC ( £ il Lauterbach £ Horel [1999] ); Alpha 21164
( 2 W, Edmondson %5 A\ [1995] ) 121264 ( Z: i, Kessler [1999] ); MIPS R10000 Fi1
R12000 ( 2, Yeager [1996] ); PowerPC 603, 604 #1620 ( Z: i, Diep . Nelson I
Shen [1995] ); LA K HP 8000 ( Kumar [1997] ). fE-H4ERYE (19962000 4F ),
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VFZ2 X S BRESHE T 55 AR (40 Pentium ITT, AMD Athlon i1 Alpha 21264
8o BAREE ARSI & AL, (HENTRES 4R AR CPL, JH2tE &
(BT 3R A T LA B AR A & SR , I LT3 3 S R A T o 73K
Prui Y, P2 R, AR IEOR | N2 RGBT E IECRE LA B IR
J7 B RS RY, FRSma R R R A

2000 42 2005 FHE], BARE AL PRSI =S S A dEad

BRI TR K LR S BT s i 4R i 5| (I U07E Pentium 4 77, see Hintonet et al.

[2001] ), IBM 7E Power 4 Fil Intel 7F Pentium 4 Extreme 5| AZ LA, LA
IBM 7£ Power 4 , AMD 7 Opteron ( see Keltcher et al. [2003] ), L S #x it Intel ( see
Douglas [2005] ) R I 2R

SHEVRRS &2

2R AR A P LUIE B B R A i AR T AL ———TX-2. TX-2 it A
Ivan Sutherland 7£ H: )% T Sketchpad ( 55— TREHLETIE 240 ) i [# 44 . TX-2
SELEIRAE BT 22 B MRS SR = @ 1, HF 1959 FHAMH . Bl 240
K S HEIY R SCUI R LA BE T/O0 TR, Clark [1957]14538 T 3EASEH | Forgie
(19571518 T 1/0 2248 . ZEFE BT CDC 6600 H, Hrh—Fhaiki i 22
( fine-grained multithreading ) 77 2818 £ 4 2 [8] 1) 22 58 B2 FH T 1/0 AbFRAR A 242
4. HEP ZbBEZR 2 Denelcor BT T 1982 AFHE H B —Fh ik R ZAb HiLgR ,
FHATRE B Z2 2 BRI BRI 7K 26 B3R LA K BROBLLE T AT Ab BEE% 2 [ L2 1 R AR
FEIR . i T HEP & 47, [ N A7 LEIR & 2 F 2L . 4RI Z — Burton
Smith 7 1978 4EH— ks 18 CH iR T HEP 2244, Jordan [19831 &4 T MEREPEAS .
TERA AhHEESY & T 2481 B, Alverson 28 AFE 1992 4E1)—Fa 18 P kAT
TR . Niagara ZZFE 724 T HEP 1 TERA 58, /A4 Niagara K1 T 2%
17, WD T I T LA LR BRI 75K

7 20 20 80 FEARAAN 90 A4, IS A SRR T LK 2462 ( coarse-

grained multithreading ) (WFRHIREZLAE ) LS, VER—FhEEE R BT,
FEREAEZ A PR IR . Alewife RGEH Y SPARCLE Ab B g 17X Rl 48,
R R SRR I S S (IR BT R E AR A ) BRI fE . Agarwal
45 NAE 1993 4EA—FS 18 0P AR T SPARCLE,, IBM A Pulsar ZbBEES R T2
U R4

F 20 22 90 4FAH), JLAMIFGT/INASS I T RIS SRR LA . 128, TR
BT BLANAL B Z LR R ORI i R MERE R 25, DR AE LRI BE vk, AR b
MRS 3 (Flan, MO AR AKL ) MIFRSHRIE T ARk RE A 34
(2 Laudon, Gupta, 1 Horowitz [1994] ), Hik, JLAV/NAEIRE], K THRL
FIR R mYIREEATC, 52 [F a8 290717 (ILP ) Ik 90747 (TLP ), iX
SR 2T LRSS & 2R 2 K ST . Wolfe 1 Shen [199114fii8 T —
FIFR R XIMD 2R, R EASASH ) VLIW Ab R B Y2 . Hirata 55
N (19920438 T —Fh FH T HARA ML BERS , XA BLER LS & T S AR R KL
ML R AT T 245 6 X IR TIE s R ISR« Keckler 11
Dally [1992] B A 24T ICIAL AR 45 6 1 ILP BRI B AR 1 a2
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PARE . QN7 TLP A1 TLP Z (8] 73 BE HIHE S0 AR A i B2 R oA 11 i 1)
AR A R

U7E 20 TH20 90 AR A Zh A FE AR At BIRKE ] HEESE, JLASBIFE /N BRI
ST BERE 1R SERHE A2k A 24219454 - Yamamoto 55 A [1994] )T
R TR, R AR bR i AR RS SR TR R
Bo X TAEIRPE Tullsen, Eggers, #1 Levy [1995]8R3F, Abfi 14243t 725 — 431
SERIBSITAL , IRAE T RmIR 2L X — AR /NS T A EE I JE £E
TAEARRE T KT SMT BYVFZ B MR RAY R 4140, Tullsen 55 A [1996]f#k T
KT ILP 5 TLP AR, Lo S5 A [19971%F SMT #L&#E4T 1) iz iie
IFPAL T HAERER T, Lo 48 A [199813F 4k T SMT 4b3as b A% FEVERE . Tuck
F1 Tullsen [2003][0]Jii |~ Pentium 4 A9 SMT 1ERE.

IBM Power4 5| A T 24F (=0 Tendler %5 A [2002] ), T Power5 {fif T
[F]Af 224 F2 . Mathis 55 A [20051381+ T Power5 "' SMT JPERE, 1Mif Sinharoy 4§
A [2005 1438 T RGEHEH
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JESCAE: The cost of a general
multiprocessor is, however, very
high and further design options
were considered which would
decrease the cost without
seriously degrading the power
or efficiency of the system. The
options consist of recentralizing
one of the three major
components. ...Centralizing the
[control unit] gives rise to the
basic organization of [an] ...
array processor such as the
Hlliac IV. Bouknight et al. [1972]
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inventing vector processors.

There are three kinds that 1
know of existing today. They are
represented by the Illiac-1V, the
(CDC) Star processor, and the
TI (ASC) processor. Those three

were all pioneering processors.

... One of the problems of being
a pioneer is you always make
mistakes and I never, never want
to be a pioneer. It’s always best
to come second when you can
look at the mistakes the pioneers
made.

Seymour Cray

Public lecture at Lawrence
Livermore Laboratories on the
introduction of the Cray-1

(1976)
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SIMD Z4b BRAS Y BUAS PERBAEAE AR 2 s 22, HAR, SIMD JoikAl ] 1980 48
R SISD ( PR A Hgdl ) A FRERH AR Y B R RE R BLAR L, Z AR A 184
HAMEREBIG . SIMD AR A T3 AT AT 22 b 2 2 b e o Ak 34
i, MAER XM A R A

mEit &N
RERRAZEAN O EREE R INEAE ALV GELEE C
M114#15% Illiac-IV., (CDC) Star 422 % F= TL (ASC)AL 2 35 , 3X = H- 402 TF 6 4 Y
A ISR R — AN FL AR BT T R X R AR A R RAT R
A F A, XAET A B AN 4R
Seymour Cray
#& Lawrence Livermore %3 E X T Cray-1 /@8 A &3 (1976 F ) .«
SH—t e AL PRESE 2 dE /A F] (Control Data Corporation, CDC )
i) STAR-100 ( see Hintz and Tate [1972] ) FIfEM #5719 ASC ( see Watson
[1972]), PIE T 1972 4EHE o X P H RS2 N AF- N A7 ] FE AL AR . BN 1A An i
BATCAHNT 1 ——STAR it FHAH ] (14 BT A AR 0 i o] it —— (i A5 R i K 26
PR . X PP A PR A8 ER A AL R s, IR LA BL T s R it
et i ] i Z AR R 2 S (R 28 X AT BB 50 IR o B R X PIFP AL R ER 7R %
THIS AT 385375 TS BT 4R 2K 7R 7 5
Seymour Cray ¥ 7£ CDC Z: 5 6600 F17600 {4 % , fif2]37. T Cray Research,
JFAE 1976 4EHEH T Cray-1 (see Russell [1978] ), Cray-1 KA1 AFFERa 2844,
KIEFEAS S H I A Fama K . BIRARBCCAFEERALEA T L W] T 1)
SRR . Y, Cray-1 IR R RIVPR AL FRAS . XA B AP
Pt M EEPERE Y 4E G ) B2 Cray-1 NS 2K R . — 20 71 Sz b 2
ar ELUE R AR A RbR R . P2 S L0 M) s A AR AR T — R
I R AL FRES4H , Baskett 1 Keller [19771%} Cray-1 #E47 TARUFHYPEAS .
1981 4F, CDC 4324 CYBER 205 ( ', Lincoln [1982] ), 205 -5 5 STAR
AR A ARG (B AR5 T TR REES AT T e T, 9 Ho ) S Ao r] DAY J 2 DU 45
B, BAGEEAE 2 TEE PRI FEAY load-store 3 IE , HENSAEH B ) HAH (It
£, CYBER 205 (I EMEBEILHE Cray-1; SR, FESCPRFRTH, P& M
REZE R E/IME £,
1983 4F-, Cray Research 221} T 1 5 Cray X-MP( see Chen [1983] ), iZALFRES
FUA AR BhE R (9.5 NEMXT EL Cray-1 AY 12.5 9% ), B8 4 A 1) B d e
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SCRe (AP EA RAW MO ] AR EIFA T T ) FIZ S5 NAFEIE, {45 T Cray
Research 7E BT 1 40 SE 7 o Bl 4 HH (Y Cray-2 & —Fh 28 it,
AIBCE R 2 D0 b PSS . Cray-2 A — D EZFEAURM A T DRAM, {15 0] 58
YA AR RINAE . B & Cray-2, H 256M F (64 (i) INNAE, HLZRTTA
Cray HLES I INAE AR L) Cray-2 RURFAP RS L X-MP B8 £, (Hd A TR
K S s SRIN, Bk A, A B RNAAER |, Jf B4 b3 g
HA—DWNAGERE, BRINE, Cray-2 RAER ZHAE K FNARNE Y Cray
X-MP Ht,

TEF—4F, HAMAHES miEA THIGHEI TS, e LEn
VP100 11 VP200 ( see Miura and Uchida [1983] ), Ffi/5 /& H 7. S810 1 NEC SX/2
(' see Watanabe [1987] ). iXLEAMHRERAEMERE [ 32T Cray X-MP, SMATIF, X —
AL FRER I WE(EPERELL Cray X-MP S15 2 . J81, W TESIFEECR, Bim
MR REIE B IL T Cray X-MP,, Cray X-MP fifi[n] FZAbBEER10 777, Bewldefit
T PIAEERESIRAS, JEoRAME T T PUAREEESIRAS ML Z T, 3K = H AL B AR B
ALY I R RE T o

1988 4F, Cray Research #fE T Cray Y-MP, iXJ& X-MP A9 K PRIIAS
Y-MP f5c 2 7] SCRE /AR FRES , TEK BRI R 2 6 987D Fo s B /A 4k
FRASI, Y-MP B 2 S A AL, B AN B ERAY H A GO TSR] e
FL AR FELRIY) Y-MP B4t 1989 4FJiS, Cray Research 7324 Z AR, HARE
TE 1990 FACwIE H kb BRES . Seymour Cray 45 T 23475 i Cray Computer
Corporation, ELF| 1995 4E/ R SCH] o MATHIRI G AL FLES Cray-3 111K HAR{LER
FoAR , (BARBEIF & AT 58 H AR RS i SR o 78 1996 ARt R ZEpm AN 25
MHATAA, Seymour Cray X AISE T 75—, R A Z SRR RS

Cray Research & T C90, — @ i Ab HES , e WA 16 PAbEESS
AP 4P %N 240 MHz, IZACEEERT 1991 4E384} . 1993 4F, Cray Research £
T AT E R BT TAL RS T3D, SRHEZ 2048 /|~ Digital Alpha21064 fih
HAR . 1995 4F, ] E A HH — T B4 s 1 HEATL 790 FI— KAl T90. T90
55 CO0 FEHARML, (HIEHphl B4 S T —f% (460 MHz ), R =ZEERFOGA=IT
BhAT T

1995 4, Cray Research # Silicon Graphics 2> FJYSIA . 1998 4, ‘B &4 T SV1
RYE, ERGE 190 WAFRGE BRI T MR CMOS AbBESS . B AERA
CPU 3 1 s B g2 A7, LAE Wi JE 5 i N AEaF 9675 5K o Silicon Graphics
1E 2000 44 Cray Research 8 4 Tera Computer , & 35 A9/ 7 B 44 4 Cray Inc.,

H A AT LR R AR Sk BB T B3t 2001 4F, NEC SX/5 #iA
S fe PR ) AT AL, YA 16 SMEiE, BHPEEk 312 MHz, IZE
A HC A 16 B R AL EE ] — PN A7 . 2001 45 KA 1 NEC SX /6 2 1 3K F B A
] A B A, AL T LT DU A AR s A B | An e AR 2 A7, LIS
S A/ G [ BA T [Kitagawa et al, 20031, HbERAEILIEZS ( Earth Simulator )
FH 640 15 A AL, B R A\ SX-6 [n] S A B AR L R N AT . 2004 4F
RATH SX-8 KB Em 2 4 A, (H ] i R R = 2 2 GHz., brig ot
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* JF3C: What could a computer
hardware company ... possibly
have in common with disco
dancing. A lot, if one goes
by an advertisement campaign
released by the world’s largest
microprocessor —company ...
Intel, in 1997.

IBS Center for Management
Research “Dancing Its Way
Towards Leadership,” 2002

MM BRRENSE

DAESZ ) 1 GHz B BhESE 1T, BOZ L i WK, o Bz BdE Bk,
[ 5 BTG AT DA FH R 9 7K 4k o

2002 4%, Cray Inc. kA THET 4815 ISA 19 X1, X1 SSP AbEEZR I 4
BT —FELT AR KL, PRSI TR 400 MHz, XUGHEHE [ i HTIETT
7t 800 MHz, 41U SSP itk i 45 G AE—HIE L MSP I, 7 Ak B I [n] 1 1A B
12.8 GFLOPS, HEMS 5 i i) NEC SX HLASHITE S+ 2004 4E5SA A X 1B Y5 At
WIS e 245 B R B 565 A1 1130 MHz., 42 AHES4 T Cray T3E i%it, ©
S P IR A R ) MIMD ( 2484 28 ) 1L X1 BAT B4
8, WA EZ M4, AR k23 (8] R P A7 43 AR 7R AL BRER B . 6L
JE b e BT ) e BT R ARG, SR S T A AR AT DALY ) BT R
MR B BHZE LUR A MSP SR A28, [l it B, 3k 5 /G 38 ) BT AN K PG
Bl o A T Ah B e 1 ) g, A A T o 3 T P A B T ATEAS TR A1
HETAE.

Cray X2 F 2007 4FE A, FIRESEHRJG—3K Cray [0, % BRI T
AL, ARMEUEWIZE B REBOR A HOR G R o A FRERETBhE %R 1.3 GHz, il
A 8 A, HURS AL BEAR I (E M RE N 42 GFLOP/#b. ‘B A¥E L1 Al L2 2%
1Fo BT SE— DU SMP, feZ Al L4 128 GBytes ) DRAM, # KA K
8K 17 1o

NEC SX-9 R4~ 19 i 2 Al L& 16 b HES , B A 3Es A 8 - iliA , it
PR AR 3.2 GHz, BT 2008 4F4EH . W(E XU B2 1) f B R 102 GFLOP/ b,
16 4bHi#E SMP 7] LA 1024 GB ) DRAM. e MR 512 415 .

PR 1) T A PR 25 A T JEE A NS At P A 2 i Kuek M LRI [1974]
TER R KA IT & . Padua Fll Wolfe [1986] %] ] Ak g i rs 4 RIFAT TIRIFHY
R

ZiEA SIMD IS B

— Rt FEAAR NG 5 AR T e A A R ZAR? R AE R E
T KA 22 32 3] Intel /£ 1997 £ & ey — 0 ;- &-7&3h, e AR S %
BN

IBS EFHEAR P

(AT HZ5%), 2002 4.

1B 5L, 1957 4R TX-2 HEANINA 43 XA AR 25 5.0 ( ALUs ), PASZ

RS AT R, (X SEH S Wk 1, ELR 30 4R A AE N AT TR ML &

BRI TR S B R T Y B, B AR B A BN, AT

G b T BN A SR R E M DI RE 1 2 R R Ge0 ] 8 4 k3R 3l o

(R AE—Fp, FNE 8 (N RF NG R MBI . B I FE S U L I XR A H 3

e a8 A2 v KU AR R T 75 & SR Bt . B AICRFE TR 20 8 i
KR, (H16 st eig 1.

BMALBRASESAA R SR, MBS R E AR D25 ], (B

F T SRRSO T v X i SRS K N TR AR B TR AR, B T B e

ZAM LA HAh 34 . Intel i860 7E 23 & PN IR s 4 . HARF UL



M.6 SIMD EBit&EN. mEHEN. SEAK SIMD 15<H BAIERF A IERS
AR

BV Z2 R RIS 4500 FH 2068 35 SEESCE ] £ 000 TR [R) ) 3 /E [ Atkins 1991; Kohn
19891, HLARTE 1989 4F 1860 MY A4S FlSA JCik I —A S8 Bl it 0T, (HGE
W 7E 64 i ALU H 4 X HEO7 55, & 0T ARG AA 8 (B4, DU 16 Ak
B 32 AR ER A ) B AT ERAE . X R ARIX ALUS BYRASIRAIR . 85X
Fh SRR B FHALEG MPEG (#00). FLFIERk (3D DR ). B Fim fe &
(ARG AL P ),

Bl IR RS, PP 2 A SR B —FE Y UL T A S ik 2
firo HP S5 — MU Pl S H55 ) A RISC YA W], BARPRAE 1990 4EAX,
HoAh 7 B2y 2y B OO X6 R SR I FR o T I ek it Hh
Intel 7F 1996 4F- & A7 80x86 [ MMX 4 & Ff SIMD Kefiif, X124 FR A 2l
VAL 506 B AR AT, %) 0 S B g R e S A i R T AR 1
IR

Bzt 1228
B 2007 49 A NVIDIA 3 CUDA API ¥A 5k, GPU it H 3t X HPC E AR
LKL =ZF AAEA, KAE ARG KA AASANRIT 6 5% 2 Fotl T ik AR
% — A AT AR BT B AL e b3, GPU Anik LS
JmAFE TOP500 45 % LK Z A5 46 B I *FF— ANl 7 R Beik KR #E AR
W 18 4 694 K k3, CUDA #9ARxt bk 52 % —MEMFEZ N5, 5-5Bik
45 GPU 3+ F & B A ey WL & AR R, 3R H 0 & € FF R ek %49 CPU 442
FH I, b, € LFHMR ERAA T — R KRG AT, A ERBE ST
Yep | BATHRM, HEIFHEH KR S HIRMG S
Vincent Natol
(4 CUDA *&+# ), HPCwire (2010) .
3D B K Zehdiff M 20 22 80 AEARHIIMIAY KB B 5t R 40, AT AR /N
RIT ARG, JEAE 00 4EAR S AL el PC ey . fEX —id e, Z4 T =4
F R
o SULHIEIEF R GMHE M 50,000 SETC T F#F] 200 SE7T,
* PERE M EFPALFE 5000 TR R 1R S B RME I 10 108K, DN EFM bR
100,000 > T0E o5 4 15 2 A FP AL EE 1000 T4 1085
o JEARECERE T NERHE ( 2B ) KRB E A (THE B ) IR ZihE,
FEPEHEE O (REESE ) ALY, BT SO AR 2 F 4L
BN TR K Ty

aJ# & GPU

M—TFFh6, AT Rttt DR R G — K51 ) TARSGEDE R8s
LA R R AL PR GR  BEAREICR: , S PR HE TR R AL PRRE YR . 7 90 EAR
HHZ T, PCRYEIEY JRILEAFLE, R — ik E——VGA fiilas . B A
7 3D DIRER AL B, i IR 2R iR 3dfx fEAIBTTHY Voodoo2 |
H#EH T )R 4G SLI ( Scan Line Interleave ) 24k &, Wi~ 240 (1998 42 ) WTERE
FH . FFETE 1998 4F, NVIDIA Gl s r AR, SR e v st
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*JF 3. It’s been almost three
years since GPU computing
broke into the mainstream of
HPC with the introduction
of NVIDIAs CUDA API in
September 2007. Adoption of
the technology since then has
proceeded at a surprisingly
strong and steady pace. Many
organizations that began with
small pilot projects a year
or two ago have moved on
to enterprise deployment, and
GPU accelerated machines are
now represented on the TOP500
list starting at position two.
The relatively rapid adoption
of CUDA by a community not
known for the rapid adoption of
much of anything is a noteworthy
signal. Contrary to the accepted
wisdom that GPU computing
is more difficult, 1 believe its
success thus far signals that it is
no more complicated than good
CPU programming. Further, it
more clearly and succinctly
expresses the parallelism of a
large class of problems leading
to code that is easier to
maintain, more scalable and
better positioned to map to
future many-core architectures.

Vincent Natol

“Kudos for CUDA,” HPCwire
(2010)
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( GeForce 2 GTS #l GeForce 2MX ), 7E8.—42#4 E4fEH T ANE]™ 5 551, 4 Riva
TNT Ultra ( =R ) Al Vanta (U8 ). HAT, XFREEAAM, 8% 75 2y 2
FLANMST A GPU s Fr 308 35 5 1 PC BUTERERINAR LR . IKAh, iSA %D
AT AE3E RGeS 3 1EW 3dfx Ji5 , NVIDIA 7E 2004 4E4k4E T 4 GPU
(%) SLI#%2, M GeForce 6800 FF 46, “MARIT It A P #ILE A 2 GPU WY g
P TR RS REIN, TIREIT AR 58— 800 s — I RS 0] LAFEAT A 424 251
(RSB - ARAR HET T

BRIk

FLI ) AR 2 AT PC e (B T 3 e it ot AT e o B — 0™ i
HRERAL T ARkt 5 R, JF A B AR ROk B, TR T Z 8 T RE,
XL RETCTE A FRHAE Sy N [ 2 Dy Re 4 /it . NVIDIA [ GeForce 3, Hi Lindholm
5 N[2001 438, A T SR E B s AT g R PR AR — 20 . B
FHFF S8 TR T i s T 5 VB NPT 4R o X 513K Y DirectX 8 1 OpenGL
PTG sy R R A AHY) & o Ja ok GPU, 7 DirectX 9 B, K3 FH PT 4i
FEVERNE SRE Y EMR R F BeBv By, JFET s BB (a0 . 2002 R4 Y
ATI Radeon 9700, HATT AR 24 (077 s QR R BAL B, J@id DirectX 9 il
OpenGL #4174 F2 . GeForce FX 4T 32 i VF MR R BER . X JE— AN ]
WrBc e g — ey Skta st 2/ 0 R 5110 & o NVIDIA B9 GeForce 6800
17800 FR IR H] T 457 A A0 BRAS BT AL T T A R Be s B %k 7 A 7
XBox 360 7£ 2005 4F4fi i T RIS —4b#EEE GPU, AP I ANG 3G (RS 1E R
— Qb FPAT .

GPGPU: & L+ET

Bifi %5 ¥ DirectX 9 ) GPU [n] i, —2Lhft5y A 51 EE 2] GPU MY s b i rE s
Kt , IR IREM GPU i 24n 3147, DirectX 9 GPU it
TR EE APL TG R EIRE. EEUTRTHR IR, FRT LR AT R Ak
R AR BN, Zsit 2 MEEE Ofe L], LAim GPU kil —4=
I (CANSRTEZE, WIS IRAR ). B O2AH PUTHE B N AU E R F
B 5 AN ME— T B e a5 RAE MR R BB 4 T, e il iR o B
DLBHLERE A (SRS, WRFHS) B 4imigemh, WAk, ¥ Be g
RAGIB RN T — DB B ME—Ir 2R T A I T4 R G AR =iz o, SR R%
WiTZZ Ve SO A B R — MR B R R BUE (s . K8 T g
B — IR GPU MY I . SR10, B3 BT S8 A DUl R %5 e 17—
A RN . X 4T PR o “GPGPU™, EI7E GPU L ibf 738 5.

GPUITE

1E A GeForce 8800 J1- & Tesla ZEAI} , NVIDIA B iR B4R 2T G % GPU
POA AL BRSPS E S RGN, NVIDIA 3688 T —Fgfe ik, f&7 in]
DABR S A= B A 2 s A7 i 7 =X
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X} F DirectX 10 ft, NVIDIA T & FF i HiF & —Fh = 8 077 SR B B 2%
AT LLETT 2R ITAT TAE B LSRR R KR K & o AL BRES B 7E R A T4
[ A AR B 2R PR 3 DL 0 . NVIDIA S0 T B BB Sk i 78 hn
HAFEAETE S, SR C BIF T K. B9l TER (PMEZREE ).
ER R RS B B R, DAIR B S B s B I AT I 58 A B T i DI A4
{f. NVIDIA ¥ % T CUDA C/C++%iifds . FEFBITIIERM:, (HF27 A ABg4E
WA IR BB A TSR I I & AR T o

T AN SHEN T TC G GPU 4l 5, P2 A RIIELEH OpenCL i
BOEGER, % S BATFZ CUDA BUEsE, (Ha] IEE 21976 Ligfr. #
%2011 4F, WAk GPU 4’5 CUDA fUA%, MEREZ 4w OpenCL 1UHS S5 2
AMD WU T4 — K GPU bR ATI, &8 T GPU I A99" 'é . AMD Fusion 42
FTEARSE N S AT, 721458 GPU 51548 CPU WY) ARl . NVIDIA HUE A 1
Project Denver, 5 ARM FriAbBiEY 5 NVIDIA GPU 4545 75—/ dik s (i) o 24
XU RGO, T AT SR R LA R S SO A T AN I R FH AP A
FREFE S LK S ARAT R
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£ SIMD TSR AT, AT KA B s s B -1 71 . #E case 1H4)
H, SIMD FEBUER S, BRI TR T AR s AR U TR R 3 . 90E
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*JJAC . The cost of a general
multiprocessor is, however, very
high and further design options
were considered which would
decrease the cost without
seriously degrading the power
or efficiency of the system. The
options consist of recentralizing
one of the three major
components. ... Centralizing the
[control unit] gives rise to the
basic organization of [an] ...
array processor such as the
Llliac 1V.

Bouknight et al. [1972]
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* JE3C: The turning away from
the conventional organization

came in the middle 1960s,

when the law of diminishing
returns began to take effect
in the effort to increase
the operational speed of a
computer....Electronic  circuits
are ultimately limited in their
speed of operation by the speed
of light ... and many of the
circuits were already operating
in the nanosecond range.

Bouknight et al. [1972]

e i3 ... sequential computers
are approaching a fundamental
physical limit on their potential
computational power. Such a
limit is the speed of light ...

Angel L. DeCegama

The Technology of Parallel
Processing, Vol. I (1989)
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%, Gehringer ., Siewiorek Fll Segall [1987] X1 1% ZAbFRES M £ 0 S EA T T
TEARHA o XL 22 Ab IR T AVF 2 A8 FE 20 tE20 80 AR PR At , i ih
b Pl AL Y E S [N AN

XFHITLEHXITIE
A2 20 #2260 FAR P 1, AT H BRI R EH, BAERS
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...... WA A A ) LR AR — AR RGBT, XA
BIARRE k...
Angel L. DeCegama

(AT EER), %—% (1989).
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...... LA SRR AR AREE Rk, EAEE— A BRI AR
T B WA AR A e Y 1R E TAE, PTAR I A AR LA R R B ILE
VSR
David Mitchell
( Transputer: BFHLEZ ) (1989).
IRE IS TR 2R R A 2 BB, T Amdahl [1967] WL SZ RE
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11423570 FTLATIUAL , BT BRER A PERE SR T ( TCie S iiAN I JEPERE )B4
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1989 4EATIEIT, WES Ik M JCEIS . 1995 4F, X 4t & M Za APy
A BN, ERRCH 7S G 2 A PRSP B 1000 A5, PRI Bell /i B

* RS
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... today’s
multiprocessors ... are nearing
an impasse as technologies
approach the speed of light.
Even if the components of
a sequential processor could
bemade to work this fast, the
best that could be expected is
no more than a few million
instructions per second.

David Mitchell

The Transputer: The Time Is
Now (1989)
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