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FeIT 2 1000. 00 10. 00 20. 00 0.50 0.091 0.001
INABLSEARE B A, (1) 500. 50 10. 00 20. 00
IMBEEAR B A, (2) 91.91 10. 00 20. 00
IMALFEARE B A, (3) 2.00 10.00 20.00

el teGX = B TSR PLIG PR

M 1.1 nJ LA -

@ A PLIRATRESE | IR B BLIY 10 4%,

@ B HLEATRL)Y 2 B8R A LI 100 £,

@ A BLBATELT 1 1R C LI 20 %,

@ C HLIATRE S 2 M2 A HLIY SO f% .

® B HLIATRF 1 B C PL 2 5.

© B HLIRATRE Y 2 BB C B 2 % .

AR b A AR G 1Y) (RO AN BELE B b R WX = B T E AL (a) i P e
B N T REE L EGX 3 B HLAPERE , v LURIRUR 5k .

(1) SRA 7 I fi]

T AL TS OLERA T i AT 0 A e 1 R ] R E AT HE S xR 11 4K
B, T AR

@ B HLIATREIT | AR 2 iR S A BLIY 50.05 £,

@ CHLBATRLT | ALY 2 1M A BLIY 25.02 £,

@ B HLIATRERIT | RIRLIT 2 8 C LM 2 £%.

AT 28 R - B B0 7 6 ) R AR SR AT I [ P 001 T e i) S 5 I 2 O Bk



1.4

1.4.1

1.4 7F 5P R G55 440 19 4 e 15

A I ] S AT B {, B
—?T

,1‘_1

Forpr 7RSS 0 A RKRE T 18 SAA T ), g D R P 2 v AR A A %

(2) AR T ]

B b (R W o3& M Rl T B A 0 N T T I O ) 1 ' 7 R 11 S e |
B T I [0 25 900 R 5 A 7 B[] £ o AP 2L, D

A,,,:SW,-T,. (1.1)

Hoebr W5 @ AN D0 U P A 0 R 7 4L B o i L zW = 13 TR RLT I PAT
il

& L1 A DR 1 A B 2L e S KRR Y R AR S S AL
fi, AU CL D) an 8RR 3 G TS HLT S R A AR A T B i), 458 1. 1 i A0 £y X8R
JIE7R o

HENRGAEHNERE

oo ik E S

I W AE R S E HBCEF Y - 5K S (Von Neumann) %8 A T 1946
EREE R e s T AR BT A A0 A B R A S S M e, fn
1.3 fyas, i vl:FJ‘Z.j‘]f‘{! L%ﬁ?ﬁi” f’]l‘f‘ﬁﬂl

| rewa |
! |
1 Y
A (AN {wa&{ ) i
B | ALY | )
B e
Wak L i
| tem -

I I € i e R VIV DA o)

ARSIy IR A L5 2 UK 8l . BT BUGAF e THSEALAE B 28 b L 3B bL—
B 2l R I MR Y 415 2 (1 32 By S0F7 X S RE TR L 1 8l 58 B A2 05 T 48 54 ) 4 B



G NP RTINS

1A

AR S - WK S BTN R G C g Rk T E R AR H LSS
KA Dt A A3, o7 I M Y O R R T - WK SR S R AL

o UK S R R TR R AR

O PFEEHLLL T8 A o . B A/ B A i ] (B £ 1 4 e s B
B AEGE S A/ B R A L R T D I R A 4 2R A v

@ LEAFAf a4 2 FVRCE ) % % 17 . 4 2 FUECE — #F nT DUk AT 08 55, B0 di 45 2
AL R s ] LUE S

) A7-fiff #5 1Fo Ma hb 7 ) 82 T 2 G ik () — AE S5 48, B S0 (A 800 [ 502 119 o

@ 454 00 FUET NP 11, B — i Ak 4 RS 2 FEA- 68 25 A7 0T 0 F 7 . B IF i
Oy RS A A MLl 4 A T ECER PCOSR Y T E AE AT I A AR A7 il 8
Hi bk

& 54 th BV 0 R o bk B AL BE . BRI 4E WA HE A 1A 28 Y, b ki 1) 5 W 4 45
B0 bk AF 02 T ol 1 R0 2 Yy A R 41 A B AN R
fu Al R S

©) 454 FUECHE 4 L 1 i 4 0 s R ks 5.

T KR HLER G R f b AN Z A EAT T AT e, A R A i AT T
Rk e . AL ER AR LA J5 .

(1) & A/ i T 0 ekt

o W A5 DLz TR AR R s | AT A A R 45 1 A el 2 A b R L X il A

A/ A 3 AR A SRR R AT AT A5 B AR IR RS

A RGO A, W T S0 - B, A0 ) 3 ‘/ﬂ}%@fﬁl (U

YT R A/ A 14 R )
AP 1.4 0T R 9BE E R E S Tk WA/SIITR < DMA

0 2 1 A/ B AR CPU H sy g it ok F | e

B R s . e R S O S VO IHL -

CPU B A5 45 i 41 15 S 75 O 52 B A L JF 45 15 L o PR

WG A BEHEAT ISR, TR T R i st o 4 A
[ CPU BRATH 2 bl A/ 1B 45 4 7 | A5 0655 05 A 3 18 1l 2, T 0 0k 5 44 U
SEHS S AN R B S B I 1) CPU % o B R L CPU WA I 2 o I9F i 3K
JEEAT E A5 A6 A/t B RE SR T LR CPU 5 SN0 B 48 75— 5 R 1647 T
3 FLAT D592 3042 BB 0 e I T S ik, A5 o 0 7 5 O A7 e 35 3
L B

R tHBL T DMA( Direct Memory Access, 45 (A8 V7T ) J7 58 . KR AESN % 515
e 2 T e A B 0 A B £ 3 MG L TS 0 2SS ST 3% . T 9 B



1.4 [ 5HLR A 4 17

D52 i SR T AE R B2 ] DMA F il g0 MR A A/ AR I, CPU K
DMA 5 il 25 b (1 25 A7 2% S UF 00 G 2 805 A T k8L AT LIS 248 4, i sh i 5 A7
E'Jfa JLAZ 4500 DMA Pl b Fr . 24 DMA 58 BFT 45 a2 19— L 80 i 1% 1% i, A 1) CPU

255 T Al CPU #Ef7 S g ab A 14

K DMA Jy o, B A i% 58 — 806 o 48 b T CPU — 0, T R ik — 20 fd i A 1 g
[ A5 8 i A/ B 0 R A, M i CPU JE— AR 42 I 745 B 420 170 &
S UUE P X B T 170 AR FRHL T L 170 AR SAL LT O i A/ i A A
{2 3647 L T AT T REAB AN CPU JIR HLHE AT b ke, a7 i 250 170 Ak BRAIL Jy X A7 il i 7y 5
FSI [ Ak BRBL 7 2 A

(2) RHPJFA7Ab M A

a4z B AL SE i S HL T IR F e PSRBT E Sy )L ol PAAE AT
FONRJHIFATEOAR R R 48 290 AR E R AT 55 S5 L A 3X Jy 1l S i i
BT 1 AT ERE AL B S A L 22 A BRAL S A ORI T AR TR AL .

(3) fififier 12085 k0 11 K i

S0 1 L U7 10 PR A A iy AT 5 RA) 7 P A0 A% (5 P A S0 88 PR A5 A A (A Bl Ak
PRE AT S N A A 4R B R A Hie Mtk 5[] 08 (7 fidf % v nl DS 2o 451 O 58 i A 4%
HL el T U5 Tl 7 fifh 88 i R 22 i 52 1 LR GEMPERE . 4N 75U ] 14 ALK A7 it 2
( Content Addressed Memory , CAM ) 4104 $% | L1 8 %) 5 A2 eh A7 6 2 B 58 ml . A S Lk M
BRAFAE AR BR 1 o BUAS R AT 55 40 LA RE AT — e LR B i 50, s W 1 DL AT A 76
i A% U (1) AT IR Ab 2 4L

Y380, R T W R e AT I R e U ) A i A B ICREORN B 5 7 IR A A 0 L ]
{2 CPU vh 80 8 1 3 JH 27 7 88 41, JF 76 CPU Al 47 2 ) 8 ¥ 1 o o 28 ol 47 i 2%
(Cache)

) AR kR

Jm 4 (instruction set) AL ALEL Y BT & BTG @ dE . BRVAG
— P BUACTHR B 48 4> 75 A e 45 4 i bk 6 P58 4 4L R, {HL A 45 4 4 10 Th RE Fn & 2
FE b Ak o AR AR 55 i oA AR R A e o X RP R AT WA ) . Bt A
TEB A K i | Bk 8 22 1 1) 8 A2 iy 7 5 B, 7E 20 fiE 22 70 ~ 80 AEAR i B L A 4
W HR A Y AR 80AT IR 300 ~ 500 Z, <k KRS AR R R St IR £ X KL N
248 A 91 HL( Complex Instruction Set Computer, CISC) 3 55 — A~ Jy [1] S 5 K5 17 15 &
B I &g 1979 4F Do AL Patterson G AHEH 1RSI 4R 4 42 11 52 HL ( Reduced In-
struction Set Computer, RISC) f#) EUAL 145 4> F2 BT 1l 34 75 TS 286 i F 01 4 o 1) 20 i 48

A g FLRE A A U bk S AR A RISC A AR FLEE R O 28 0k M AC T B pL i i)
il AR 22—
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1.4.2

F1ar PPl R AT A A LS

BN REEWRI RN

Bifi % 1B ML AR RSP AN B &, 28 BB T K i LA W) R G 1 A
FHARA o M — 54 dl HfE 8 RS (S AL ISE T 7 Y8R 7 B LRGSR K 1 1 i
AREEAE B RS AL BT . X s B R Z I LR SRR nT RS A E L T B R
JEAR — A B el L D o ol At — BN S — iR
iEAY o 22 FUE AT I [ A Tl o AR X BP0 R L BRIX B 3 11 B L B e 2 (soft-
ware compatable) () . 5280 o] B PE 9 T 71447 3 Bl RATRSIHL B4 55405 1L 4 —
RE

1. &5IH

QTR & R SIHLAESR e lm] ) 820 ™ 1 JL AT A TR () R G454, AE AT AS [ 41 % A
SEPR — RSN AR RS L. B4, IBM 370 R 3147 115 125 (135 145 158 168 %
— FR A MR 3 B e A5 RS Rl X e AL A A R A S A HAE IR R AL
62 18 53 BT R T I 254 7 0 7 6 e R AL DR T B & RUK SR T 8 X, M
PREALE S BT DUORE A RS HLAR L AT 32 (7 fH AR RS 21 s A 5L, HoBos
I 4l 8 AV (16 {3 32 fir

AN ALY OC B IS B Aoy THEAT 7800 10 % 08, e B i — R RS K, 2
BB E R BT B A A D AR 3 15 L PR RE L M A A ] R e R
AR 6 884, R FAS () 1) B8 078 B2 A VAL B 9 B0 B R, 0F il O 38 135 A I 4 vk i 31 5 L
R AL BE 55 e b it R A T A 5 0K 2R 40 45 4 A X R e g 2 08 R 1R R R R R )

H T L5 5 R F DL AR R A Tl — 22 400 100 45 R4 3 155 BIL 0% g P A e A4 [l 19, 14
S22 3 A T M G o s 8 A v o A A B AS 4 vl 45 R RL

RINHLE AT AR AT 4 e ) LA (0] F3EA (TR A A G 3845 . W 1.5
Frzs 1) b CF ) HE 28 46 0 0 £ 3 R 1T 50 00 4 ) 19 B2 )%, AS & ok RE 32 17 T L&

P SEHLR O
PIE T 4 50 4L
f T e
g MR R

= ]
1.5 Jesteriam



1.

4.

3

1.4 PFSEPLR LI 4 19

AR R 3EML 5 1 i () M2 A4 e 5 A IE I 7 325 1) B b RS 59 B 4 o 11 A
¥ A IME SR REIE 1T TAEE 205 (D AT S 8L R TR RS 45 Hfg
35 A1 e b 345 7 97 T 7 2R 10 2 e L OF AR — i SR RANHILAE S BT A 1Y 4 R 2, R SR IIE
i) b A7 A S A SRl LA T o A7 F i) bR n] DAAS 92 B0 CAnFE AR RS o H 500 B 18
A 1) A5 AR PR R A ) L AN S B ) M 1) S A A A AR, B R AL
(1 A AR

AT — AR 2 h 228 3, ) A 25 4L ( compatible machine) . B2 48 Hi A [6] 22 w5
R A A M RGN B RS RPN B AU 801 .

2. AR

KRSy ik R e o] — R ALZ M KRl . o T g fe HAy
ANT) R GEAE M T B HLZ ) M RS A, s SR BN A — Fh RG4S B — R R 4
S5k, MARA SRR MK A A R BB RO AL A 4

BEFUL ( simulation) JE 15 FHAAF B9 J5 35 46— G BUAT 0 F 55 WL CFR R i £ L host) |5
LY — BT RHL R AP0 ) 48 445 iR A R 1 O v ok S B, B g UL AL 1) g —
Fed A AL BORE T A TR R INAT o O Tl AL N AR Y BEAE AL
AT B T BRI 48 2 S Ah R BRI R A /0 REFRERE . ]
TG AEL L SR 2 40 i R ARUA T 00 ik IR S A 7 e e PERE B 2%

i BURE S — G BT AL ORR M1 E0L) BRI LM RSBl Y — i3l
CFR A HARHL) (48 A8 X ORI 21 1SS B0 H AR BLES 2 82 101 80311, Bk 07 2L
R o WIFE LB 105 FL H ARPLI 45 2 2 DAAh A W B0 HILAE il R 48 170 R flis
il £ 4 A 5

SRR P A7 JBCAE A7, IO B RORE T3 W0 J2 AF TBCAE s A7 it 8 b, DR 0 0 0 1)
BT LAl st A B U RE A RS M AN RN Z A . A T
TG A, 1T K 33 9 Ry TR A P o ol Tl PR A0 A v W s A R R SR T A 1
25 DABE @ A T 3 5 i R 1 R P IS HTE AR O B S B A R A, W R B L ik ok
S

. Z—_RIES

WA TR HLRE R H ) — R 908 5 I 4 X RhiE 5 ga S 0 0 FH 300 R 4 4
P (ol 40 R Gk ) i ol B ) sk A e 1 o DRI, SR T 48— 14 o8 9 5 ok S B A
RO — R ALY 5 i o BXRP 3k T DA D BT A7 T H S L 2Z (o) A AR AR BB AL, 1 AN 45 L R
Giaik A 2 RIIXH . Java J&— M RIL 67 oAb, Hofth & 9008 5 A 1 Z F0 i
AT SR 10 ] — Rl 5 A R 58 A 0, 28 % AT 8842 0 o " A AE -

EHRRXRFEHE RN

T H A ) R AR A | % ( Very Large Scale Integration, VLST) 4% A ) &
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1.4.4

91

FFEE L 4T 9 A S

JE AR . PEREFIEER Y AR R A L B Y e A B E BB 18 A4S ] S B
o AR A B 2 (X I R T DAAE B B T ELES i PR B/ A s Lt Bk
B L LA, b 10 A R B R B 0 BRI VR P R AR Al A e vk S B, it
LE WA AL BN 76w PERE THREPL R s B0, S8 2 o 0 2 7 A Sl . BEE PERE R 4
S KT BL ) R 55 28 A AT T R . T RE CPU G i b BT 143 K RLASE -
A4 3 B0 1 S92 By wT g
TFRBLIA S T AR R b ol . & 1.2 B 1 AR TN AL ) R R fiE

EATTHE AT R GG H AR AR 5 AT 25 1 RRRIE . b SMP Shy X Bk s A
fitf & Z AL PEAHL, MMP Ay K RILAR 1 7 4k PEAIL

F 1.2 ARITEYA MBS

Figie i R 45 H R AE BAFFFALE Ui 75 52 45
%L ARt IRl | HLE I S PR gt 1SA

(1945—1954 i)

HL A FIAR L 2

FEIF i 170

5

ENIAC [IBM 701

Eiri
(1955—1964 4 )

it RS

EL R vl g

I A 2
SR
e 170 4b PR

e ST a= R e
AL BT 5 R4

Univac LAPC
CDC 1604
IBM 7030

SSI fil MSI

i K 2k Cache

IBM 360/370

5 A ESIR b
(I%: 197L4 .- Z LA oA Ak A /};};‘j‘,;r?ﬁ; CDC 6600/7600
“ | Ry Z 51 HL AT pEC poP-8
5 ) , Cray-1 1BM 3090
. B e AT L o Ak DEC VAX 9000
. AT S o1 Al ! <C
(19751990 4) | P URAERR | 51 AT A7 RS ’

Convax—|

AL
(1991 4% 4 )

o Tl f A
o L

bR ORI K
SMP MP MPP
HLF

KHBE Al e
JFAT 5 oA Ak A

SGI Cray T3E
IBM SP2 DEC
AlphaServer 8400

Bz P >t 2 4t 45 4 B %2 )

IE PH A ZR LK 11 S R AT A5 T 2L 520 . AN [a] 8 8 X 3 S HL R e 45 4 11 B3 |4
HR AN T B SR A S A7 S S 1 10 D i) SR T BT AR R T S e .
RO A I LA RE W AL X 2L BOR L 0H L DO FRUR R IG RE L5 M. Pk 0 1 R
PRI B AR G4 R i B AR A 8 g

R FEBLNE TR B, 22 e i 205w IS — A~ DG o) R, 2R i M 3 — 5 4k T A
fin) A8 AR o P D P SY ML IR0 PGP AN 1 B ST L Bl 1 AS IR 2 0 L i AR
B, BUAE T REARCEN 5 BLAE A 20 0 K vl RURRE) . BT LA S8 AL — i e 5 pL ™



1.5 G SEPLR LS I K I 21

W f) AL AT RE T AL R O3 L i %

{1 SR R AR, H A AT A T TS PL T BE W AN 1N T 2R . R
i B A R X R B PERE I R . X S T Y U AL

W LA BT I —— U B R 8 1 AT RO #T .

@ A AL MBS —— SR R I B ALL W R

3) S Z A & ] W U R AR B R ALAL A

@ K AT 78 4k R A/ i 8 SR 110 I B —— R R S A AR S

&) EJE ¢ F BT )t TR ALAT M B .

© AN L I 1) R R MERR RS

£ R JTTRH Tl 8 05 A0 92 BB R 9 i 4 1, 15 3 FH T SE LA LE , 810 45 5 1) — ol hiz
SR BT & HITE R0 Cn R =) PR R 2| IR 2, REM AR B 25 )
2. N TR AT B AR I R RE R BOR TR AE W AR R AR AL R4
i AR 2 RS ORORS LA RS DAy il A M R e B R R i F R0, e TR TR AN )
OO ek 20 o PERE /9 H b 0 & AE XX S 115 0L b B R 1 I R G 45 F B £ R
Cache | S 45 (170 AL FBL 37 3 0a 5 P A B 2 DL B 45 b O A7 Ak B0 8 R 45 T R A
B BRI OR L

1.5 HENRGEHDIHTHENER

1.

5

o |

FITHEMS

A FHE paralleliom ) |4 57 BL 325 £ ) — 1 20 K ) — i ) i 4 306472
& TSR LB )1 R TR AT A E AT A ) R 5 O % R
L

AP  simultaneity ) H 9432854~ B 1 0 90 PR TR — 0 2005 2k . 9 % #E ( concur-
rency ) §5 58I ) S5 P €T 0 ] Y 257k

PESE LR SE 61T AT AT 0590 . WA TIOBCHE 1 5018 75, O 470 % ¢ MG
g Al 2 AR LA A2

D s BRSO HA 1 AT AR T R, R
1A T 1

@ IR TS5 0 A M T B, R 7 2 2 e A A . OO
BIFATHE

® IR s W REVE 5 09— (o R4 2 1) AT AL B sk )y 58 LAT B
o IFA T



1.5.2

BT PR G AL AR

@ A FEAT: [N XE 2 1 A T A SO A DL BEA T AL B, I e e — R AT

MARAT R (4 £ B Ok A, R A THE SE AR 3 = mT 43 g DL LA S5 4%

@ 482 WHRIFAT: FIRAE 2 b S R Z [ I JEAT

2 $8 4% 117 (Instruction Level Parallelism, ILP) . J-47 8047 M 258 5 5 LA 119

@) LY I17 (Thread Level Parallelism, TLP) . JE4TH0AT AN s B 4~ L B 27

TR DA — A E R N OR A ) 2 AR A B R

@ AT 55 Kl P47 FFATHAT A s A~ DA E i R AT 55 (R 7 B, DL 7
Pt T ol DR 8 G

® Ml SR P HOF AT AT AT A SO PL IR sRE )

{EPRAE LR Serh X R A P TE 30 5 -2 E (AT 55 sl ek Zof 17 ) W %
W CI A R g G UE R A R MR A D) kS, MAEZABHL RS . th T
L HAT 98 B AT 55 sl /b g 2 BRAIL, JLOFF 7P el R S B

fE— R HLR G o] LLR S R4 o JF 47 2 B 5 e, BB T DA A 800 4k 3y 1 i)
JEATPE SO RAAT SRAT B 5 1 JFATPE . AT P B o B — & GO g, W FR 2 A ik A
JEAT AL B (parallel processing) €50, ] 10, &b 3808 (0 I 47 1k 38 B8 I 07 5 9, sl & 4R
FrREE IR TPk IR BIER RO AT 55 sl ot R, B o Ak 1E A 547 4k P 4503

JEAT AL PG T A7 4 3T B b R AT B R R TR R B B S i O . R R AT
Mb PR RGN REAE BOE R RS F 2 LA VPR M S

REFITENEARER

HFREHLR G P B AT PR RS AT 1R 2, sk JESE A BT &5, T IR L T 3 4
AT

@ I} ] 5 (time interleaving) : fEIF T PEAE & P 5l AR A &K | ik 2 4~ 4 28 5f F2
E IS ] b AR LRI 5 AT o A% bl ] — 2 0l 0 2 4 10 45 AN 4, LI PR 478 J] 4 i
R X R AR b AN SR T A R A TR K R B R I s ] T A (1 R
S

@ Bt AL (resource replication) : fE A7 PEREE D 91 A48 ] 2K, LB
o T A VP W R A, K MR ST L R G PERE . B A B A A A BRAIC, L.ﬂ'
IRARAFR] 7 BRIz N . AT DAL S Ak BB b R A 8 A aE B 1 i Ak B
F, dnl DA A B3 2 A b P, F R 2 b L R 5

FEBAE IR G b, 2 I ) i 32 FH i ] S AW PR 4l

@ BE L5 (resource sharing) : 30 IE — Fh AR 0y 15, B 0 22 AT 55 $e— 5 1 1] i
FPEC TR — MR . ZIEFY I R G G AW AR W
IS WERRAR 1A, S TR & 09 R R



1.5.3

1.5.4

1.5 FEYLREEH AT PR K 23

BNRGEHFTHENER

70 A JE 2 PE AE oA FRPL S AR bR S 1 T O A o ) TR DU 9 B ] A Y
LA T TRl e AT, RIS A e D RE 2 Wk 7 TR L R By AR
TR AT 450 A L T 1R 8 B, ORI 4 i () A MU T A5 R 20 ) BAAT e AR A N () B
K T AT B S e i — LI RE I LA . Bl 8 — 2548 S g R fe e o 4
A RL R WG A A6 PR A8 2 AT S A5 R O RS T AR B A e R,
IR AT AR e SR (i) G 8 8 Bk, s AR 1R 2 KR

LE AL FRAL T, BE 5 A ISR 58 T 28 T . N, AT B A 2 A
TR AR A BRI T S5 FIE X0 A Z 48 A1 S0 5 b BB, 3 P 98 A B 00 ik il T %
FIRAE , Wi S L TR (B ik AR 2 s TR E A g HL ] AR O o] PA TR
ECE A RS T AR A AT A IR A0 T DT R AT X AR 4R 2 (TR 41 4L
CHEfRl) . X9l F 290 7. WoRENE 2 REFZMFE MR, iEE
A ) — A ] 25 0 F5 4T 4 B T] 2R 45 4 10 SRR 1) ik sl B0 17 45 o0 3% 1] i it 4 7
(] 488 L T 1 B S0 A BRAIL (AT 9 06 RO IR AT AR FRBL) .

e LA PEAL B8 G o R S SO bk T A R AL AR DL 2 Ak BPL Y S RE T T
TP . o R G, A ZZ0m N 00 T, BEAS S I P EGE LR A C AT
— B AL PR

ZNRFRFHITENER

ZPLF G ARG ) F & e A UYL S ) 3 AP (Rl 2 4 BEAL
] & . 3X 3 A A ] 22 A BEBIL S W] # Y 22 b AL | S A R 22 A BRI A A A X R G
AN i, v R BUR B AR e 5 Hf Ak BRIL AR G A7 4 25 51

Al DA FTRE A R Sk 22 L AR 40 v 25 0 E 5 AL 22 [0 4 B 35 Frg 5% R R AR 5 A T e
JIM s s . ZHL RGO o R O R ORI ES

B 2 40 (tightly coupled system) SRR H R A& & 48 (directly coupled system)
TEIX Rl R G0, TH AL ] 2 B4 32 PR Al 5 o, — M o S e oy i T G HL 3%, W)
PAIESE A7 h 1 HAT &m0 A5 B & s %, M Al LAPR S st 47 A0 38 22 A4l sl AT 55

F ORI 2 7 5 (loosely coupled system ) UK I 5 4 & 7 % (indireetly coupled sys-
tem ), — M e i ok i I e £ 2R B S BT S 2Z ) i) L, AT DL S A AR R A (A
AT ) o TR ) A AR B S A SO OB A — S R AT MBI G RE R
B PIAIE A RS2 G LR L S (0 A A AS AR AL = ) S B o fE
Emyar T CERE & IR L 3T 50 L AL 51 25 5 DL SO sl 8o 4R 09 8 X% 31 3L A AP iR
B A T AL AR L b 5 Dy — Al I T T 0L 0 245, e o A 2K B e, S S R T 1



2 B SRR ARG

eI L

ZAb BRHL N 1 92BN ) T A A AL ) R A1 AR A5 L AL BIPIL 25 58, BT fiE L
FAL . 45 A FUAIL 22 (0] DU i o) o 7% DU 0 6, A A/ 2 B 4 0 S S8k
] 4 JH AN AL BRPL & R . V2 £ OhRE, W08 4LE B | G0E & B R B P A A
032 W7 23 B ke, A8t FH AR BRAILSE I, Ab BEAIL ] () R A R RE S o 5, N T A e Ty S
¥4 80 Z2 4 PR AL 2 45 ( heterogeneous multiprocessor system) , S48 8 Z 4 BAHL R 48 th £ 14>
ASTR) RS | FE /0 F0 B AS [) D) B A A B ALAL B, & AT 4 BEAEE Ml SR i I, ) D i (] B &
JELHE AR E AT 22 AT 55 BEA TN, 45 1 S8 OB ARE (9 D g A o

I R Z LR GO ANE R T4 e s B i o 1 AE G B 1 TR b AR &R GE ) a]
SEPE . M a2 M ) SR A SRR AIL T AR I AR R G, T R G A el SEPEAE
GhFRAL 245 B4 & . A5 RIS W] 0 25 5 2 A SRIL R 2 Jr S8 X TS HIL R] B 3 I 4% 11 5K
SEAST R A o PR i ROR L o BB X L A R, L AT
1 05 Ve o] 5 PE AT R P D) ] oRE G A g B — Bl a] T A &R 48 (reconfigurable sys-
tem) , fEXFPRGE BN OL B IL G IFRHLAR R LA, Bl R i 2 A ML RS
FEL — HUR RO R0 2 T AL 2L BRI kB2 17, 1 2 HEBR BCBs o b

WitL 25 A 17 A7 A% 114 R AES L B AE AT B 22 114 3 R L b Sk 2 1o 22 4k BAIL 1Y) 17 Ak 1 ke 45
FAEDN RGN L . I XL Z W) B M PR RRER I T O S A R, S e
fICEE S AR T8 (1 BIL ] E 34 10 265 e o R0 95 BRI sl AT 55 — BOF AT AL B a4 2% 1. b
TSI AT AR PR AT: 55 fiE A Ak PRAILZ () 5 {0 H E A T U RE R A 2T 4l A% Ak BRATL L AT [ S5 1K)
DIRE , NIt By () b Y 22 Ab PRAIL 2R 458 [vi] ) 18 22 4b B BL R 48 ( homogeneous multiproces-
sor system ) pH 22 A~ [l 2 Y g 52 /1171 (] 45 ) A8 1 b B AL AT, & AT T e Ak 1 1] — Al
PREIFAT I T 2 T 55
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L1 ik AR
J2A U &5 4 K 4EA 4L e fire %
RG45H i WPk R HLAL K AL B
RY N b Amdahl ¢ PRI 169 Do T3 D 1 CPI
R &1 e R LN A e
o] b e 7% ] T e 7 Jin) i HE I J5 e 45
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o i) o 75 BE I AL B [vi) ¥ 750 22 42b 3L 4L
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120 W9 G BE W ST UL R BEES H T ST HLAL 5 5155009 B2 A A9 K 06 B



741 25

1.3 P HLR G A M Flynn 53 80 #2000 K7 St kL7
L4 HPLRG G i A 4 A B A7 WU eI S
1.5 20 AN BRCET T 014 #1013 A BBCH 11 700 HE A AT T ML ZR 48 b F A TP S AR B 8 7T 43
W6 JL 2% 2
1.6 Kof5 T4k 400 MHz (9 3150 ALERA T b o 0 LR 7 L BT oh 48 4 2000 A 7 88k R 2 )
JEL I R 1.3 TR
1.3 HRAEUNRBEFPHSTIER

i 4 2 R4 Bk RS RS
L 45 000 1

Rl A% 1% 75 000 2
T 4 8 000 4
Sy 1 500 2

AL ST HL A % CPTMIPS FIEE ¥ $h 47 0[] .

L7 Bl SR AL R Ge b A SRR I AL S0 1 R 10 A%, FL 3% 300 B 1 Ak BHLImE ) 4 R 4 4~ R G 8T
155 [0 £ 40% , W) D okt e s Pl 6B i I | R A 38 A R 40 1 PE BB 4 v 22 207

L8 FFSTHLARS AT 3 AN ol LSe35 04 1) 36 8 ke Ee

A g b, =30 A e, =20 A L, =10

CU) G S 1 RS 2 0 0] g a0 L 490 340 58 30% 5 2 43 4 3 10 T g 30k 1k 490 22 0t L R 46
HE e A AT Lk #1072

(2) W3 A T wT e E LG4 43 0k 30% 30% il 20% ,3 A4S S A [l ik ikt I 4 & 48 A |
) BV U E A N NI B0 7 B D 1 I RN DN LB A

1.9 B e 0 JHRE 7 b A7 4 S8 0, 0 o elo b, 45 B M AR A0 AS W) 0 P RE R v . L IR Bt
£ 1457 R

F 1.4 BRUEMENRS

I BT 8 S ) B 7 W 5 06 PR 0 ]
(%484 @E D) CJa31)

a1 10 2 1

Bt 2 30 20 13

B fF 3 35 10 3

Heff 4 15 4 :

(1) Bk Sy, 25 AS B0 00 ke e 0 1 Sk 25 7
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2.1

— AL 5 R
—FaH X

— 35 A L6y I Akt
— R ARG E A XD
— 45 A A X 1y 3% 3t
—MIPS 4% 4#

BESESHMND X

— BN, DX AN ] 45 A SR 45 1 SR 2 CPU b R A7 i 48 4 B0 A7 6iff 7 OC
2680, 2 AT R R R A AR AL . B, T DA S AR A5 K A R HERR AE 4 |
AN B B5 K G T A A AR AR . AT TH A A7 A A R b R R A B R PEAS ) ST E
B0y N AL A AT AR A5 A (RM 4548 ) 25 A7 - A7 a4 M (RR 854 ) o il & 245
BAEROT LK A A7Aiff 8 L o 4 W 45 BT AT BRAE BORE ok Al R A Ar s 4. A A7 af -3
17 28 45 F B A load —store 254, 1X /4~ 44 B st I8 AT load 45 2 #l store 455 2> REAZ 1 [n] £+
fifi & .

SEBR b ] P AF 4 25 R R A T A g — A1 A 25 A DR 3K D 48 b B AE AN
T UA A LBEAVHEE .

AT AR 0 45 2 A5 1 JLAR A B O DB S BR R 4
bR WA AR WA R A P BB B L BRG] g
FAELFI RGP 2.1 45 1 4 B 2 S 450 v B A B 07 ¥ DL R i e, 1A
R 0 9] 52 SR R BRI, IR D B R R 25 3%, TOS (Top Of Stack ) & /% 4% Tl .

(EHERRZS KA i (I 201 Ca) ), 480 1 5000 e B i B 2 14 ek 00 vk A T v 1
i, e TGRS R AR, fE X Fh a5 8 v, HABiE & push/pop $§ 4 1j ) 17t 2% . 7



2.1 ESEL Ik 27

Zmas s b (B 2. 1(b) ), — A B BasCm, B R a8 5 75 — A~ B A BOu 2 e X
25 W LI R AN AE A R G, 8 FEAE HL Ik ) B % o e AT AF AR S A B AT SR AR
5k A A T AR EOR AR A P OC (1 2.1 (),
A2k A AE d AL (181 2. 1(d) ) AR S A B T3 A7 v 4l o

HeR 45 FImaEait WA A RM) B F R4 H(RR)

e e ';_——:J] ‘ *’[::

CPU s S -EERET) e
ALU \ALU \ ALU/ \ ALU/
— ——] - —
17k 2% | | T L_ﬁ 1
— I I
(a) (b) (©) (d)

P 2.1 4 Rl 2 S5 F b A B 07

#2145 7 REA C=A+B {4 FioR R SR EH B0, XML A B.C
PR AEACAE a5 Soch  JF HARERIR A M1 B (9.

F2.1 REXC=A+BEIMEBESELEM EHKE

Hi kR s A AT 4% (RM 7)) W AFAF (RR )
push A load A load RI1,A load RI1,A
push B add B add RI1,B load R2.B
add store  C store  RI1,C add R3,RI,R2
pop C store R3,C

M A5~ m] DA A AR R R SR BT S AL b e 2 OB, BT o T 4
[i] b A8 /Iy o AR il T HEARR B TS HLAS B Bl HL U 1) MR, i LA A AT 80 AR RS | iy L X AR
TBUAR) 5 ) A L0 A6 2 e RS SEHLh, it T A — A b ) A5 R A g CED R
fir ), JIT DL 0 % 3 U ] £k s

LI R 22 RO T B LA AL R T HE R A5 b 8 R A8 25 M i 5 2 56 {0 A 1980 41 L)
JG R ZHOTFHLARRE 22 % ] 13 1] 25 A7 a 254 o 3 328 DA O ) 27 A7 8 25 0 £ R
PR AL SR RE Ty AT W R e EEARBLAELLE Ji

@ 5 HAth CPU N RS o0 —FF 2 A7 2% 10 1 1] 3 B LU A7 0 2 1R
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B2 PR S AT

@ X4k RS BE TN A S A R Sy B R AT A g . A8 Rk AR A 5 i, il
FH 2047 845 b FLAT o8 K10 23 06 PE R @ (9 R0OR o i, £ — & 3l 9 A ae 45 f i 115
BL LR 2358 (AXB) =(CxD) —(ExF) (i, o %) 2 3% 52 5 n] AR AT Bk Iy k1 7,
PR B A7 0L S0 2 36, X 9 /K A B G DR AR AF I A HE AR R T R AL
B, 2% 286 05 2010 SR (I 0043 I A2 S0 AT I 7 EA T o 6 B A B0 A i AT 45 22 1 BR TR

) AT B80T LA AT AR i, AR bk 53 B 25 2 A7 &5 ASELBE WA X A7k e (1% D 1]
PR Y () SR T3 15 (IR R 25 A7 2 LU A7 g Bk ), ifil EL 3 mT RLF 5 /0 1) ik 57 (AR 1
LAt o Mo kA 158 ) S X 27 A7 2 DEAT - hk , M i AT 280l 0 /0 B A8 A A4

w30 25 A7 45 RS A S A5 A I A 2 R A UL, B DAAS 13 05 i R X

W’*’ﬁ“ﬁ’]f“/‘%,ﬂ‘liﬂﬁm

o VR a8 BT DL A CPU WY BT A 25 A7 4 B0 56 Ll Y . il v 2 LA
A TS WL b L0 22 N 27 A7 28 O L T A7 A7 48 T, 25 1 3 300 1 i A A7 2R K
A L SR A A A O KD BB A 3 TG 3 A A7 A b e R AN 2l ok
z MEAL o BT S AL AT A f 1 DR ORI Z

WS ] LUK ALU 5 4 5 VR 500 9 4 5 AE ke X i JH 25 77 48 B0 48 S R 25 Mt 41 it —
LAY o FEAE S ALU $8 4 MR 8O B, X AT 3 M ERERUGHE 4ok i, B
A TR R BOR — A~ IO B A B0 1m0 4 T A S R B 4 A ok B, b — A
BOEAE M R AR, XA H R ) — AR AE S ALU $5 4 vh 7% 25 52 1 B A
5, L’l\fﬁ(ﬂfuféo 3o AL R0 KR BAT A AR B AR R

JEF BA ALU 55 2 0 M AN FEPE R ILAL &, v DA B a0 22 2.2 R 5 Rl 4l &
KA,

#2.2 ALUBSHEBRERNINBNFESIBERIBWHRBEES

ALU 65 T AE i | ALU B34 TR fE g | 45f ‘,,,4
B B 19 1B it B s HRBLRH
0 3 RR MIPS,SPARC, Alpha,PowerPC , ARM
2 RM IBM 360/370,Intel 80x86 , Motorola 68000
! 3 RM IBM 360/370
2 2 . MM VAX
3 3 MM VAX

2.2 R0 A AT 8 B S ARt B A0 oy O 3 R S A ’T(Y%‘% AT e T
(RRBY) f A7 dv — A7 fff it 52 (RM BY) FUAEGff o — 17 ff 45 80 (MM BY) 5 3 Foia J1] 25 47
Zﬁiﬂfﬁ’?ﬁé%’fﬁﬁﬁﬁtﬁ MUK 2.3 Bk R (m,n) FoRGL2 0 n DEAEBOH A m A
A7 e PR AR AR, X LI DL BRI AR S T 75 114, 17 L BRI SR T 160 4 126 8 B < B O g



2.2 FHkr 29

PSP
®2.3 EAMIMERASTEFRRESCESFANMER
8 S L {1 B
B2 A, 1 245
WAL A - AFa /| I S A AT o i AR AT
(0,3) PSR % il R A 1 R

A0 I T 303 B i

S AR P AR AR R A RO 4R S AT A L
e R, H AR AR A8 50, X MR
JH s ] R

AT — A R BOT RRE BRIE, TT LA 4

A RATE ALU 4§ 4 v i 42 4F A B X R 7 — 26 45 4 ot [

. A7-fifh i B Bk A7 51
arte s —pripun | R SRIRRCR TSI o g b B BB
A 2 55l LOAD 4§ 4 it .
(1.2) T i A 95 4 T B 0 2 1 2 7 0 M B

FrIma. 4 5 x4 AT

1100 Il 00 R 0 2 07
b B 3 5 0 DI 0 0 217 3

Sl 7 ) AR I 1 2 9 e
1A R AR AR 3 BAEROE A i
ERRRS—TE R | R AN B S, A 8 | HLRE AR A S8 0 T A 2 BIAR K o X147
(2.2)80(3.3) | BemAAERRMAEA | AT ) e 0 A A R . I 2
T 1 464 S 259 B E R T

B R A R & B G R A 1 AR sl R B DR OA g 5 R P i
Tl mty B LA A o I SRS A SR A5 R R 45 2 i SRR 2 K oA b, ol DL AT 2 b
D80 FRRARES R /0N o {EURE 33l 22 R M A o B8 23 B4 in 4 13 28 A0 CPU S2 B ik M S . 53
b1, CPU Hhap 47 a9 A Rt 23 il 45 4 10 P K

LA B S il LA 31 50 FH 3 A7 i B0 2 6 45 4 L HE BR 280 48 4 42 45 49 0 520 45
B MRA Y BLAT S o (6 8 T2 7 i A 2 SR A M T, T 0 8% — 470 2 0 A5 IR
SEHLA ORI T 727 A7 4% — A7 A7 5 28 R 8 927 4 RO A 08 480 10 280 0 X R 4 T 4 2
ko FEREAELR 3 TEIEFH & 2, A A7 4% — 2 47 4% B G 2 48 45 A0 % T 92 0 3 K 4b 1
W H s

2.2 FUHI

<k 75 20 Caddressing mode ) A& 45 — Flt 45 4> 42 45 b Q0 0] 1 2 B 235 1) 149 500308 114 b
Hko — Bk BE, Fhk ] LARE WIS A rp i R R — AN R A AR AR Bl
e MRS R X T AR SRR ROR UL, i 30k 07 3R S 1 52 R A B 2 i R
AT RHHE (effective address) o 26 2.4 §1) tH 7 Y77 (45 2 5E 4509 oF BT R (6 — e 12
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G52 55 iSOG S LT

BRI %A DA R T B R R, R T C A A R B4R A
1, e o AR BRAE Mem” F /% £ BK 8, Regs” R AFAF IR UL, Jr 65 4
B0 Mem [ ] 467 77 B 38 00 19 %, Regs[ ] 2R 47 B IO A 3K AE, Mem [ Regs[ R1]]
B OB 011 A 47 0 RT o 00 040 2 A Mk 1 47 B B BB P R I 8

£2.4 YHAMELELEHTRERAN—EREHIHEFX

Tk 55X 18 % 94 294
AAE Sk ADD RI,R2 Regs[ R1]+«Regs[ R1]+Regs [R2]
7 BT ik ADD R3,#6 Regs[ R3 ] «—Regs[ R3] +6
Wi ¥ 3 4k ADD R3,120(R2) Regs[ R3]« Regs[ R3] +Mem[ 120+Regs[ R2] ]|
2474 18] 4% -4k ADD R4,(R2) Regs[ R4 ]« Regs[ R4 ] +Mem[ Regs[ R2] |
Regs| R4 | « Regs | R4 M Regs [ R2 | + Regs
T AT Fid, (RS 4 3 ) ‘eg%[ ] egs[ R4 | + Mem [ Regs [ R2 | + Reg
[R3]]
T4 S s %) 4 | ADD R4, (1010) Regs[ R4 ]« Regs[ R4 ]+Mem[ 1010 ]
Regs [ R2] « R R2] +M M Regs
174 2% 10 4% < ADD R2,@ (R4) o8 R2 ] «=Rog [ 2] -+ Mem [ Mo [ Bens
[R4]1]
Regs[ R1]+«Regs[ R1 ]+Mem[ Regs[ R2] ]
—— ADD RI, (R2)+ gs[ R1]«Regs[ R1 | +Mem[ Regs[ R2] |
Regs[ R2 ]« Regs[ R2 | +d
Regs[ R2 ]« Regs[ R2 ] -d
10k - ADD R1,-(R2) ogel B2] —Regs| R2 ]~
Regs[ R1 ]« Regs[ R1 ]+Mem[ Regs[ R2] |
Regs[ R1] <« Regs [ R1 ] +Mem [ 80 + Regs [ R2 ]
i 4k ADD R1.80(R2)[R3] | Reest Rl —Regs[RI]+Mem[80+Regs [ R2 ]+

Regs[ R3] = d]

X EATAAG PC AR T4k, PC AR Ak —Rh AR T T80 PCAE RS % A
S, EEH TR P E ARG Sk, ABH7E2.6.6 NifigX
et AN AER 2.4 19 A8/ A0Sk 0y XA kO b, TR R DOk AR W
Vg ] B R HE U R/ (A 4 B sl 8 B 55) o AT Y T 35 1) i B8040 T 3 AE A7 il 2% v = A
ARAF I, 5 3 FhFhE XA A E L

PEZLES S W WL RV TR A S VR Rk <5 O (B o (D AT 282 b | R - R R
1958 BL AL A% B LA B4 % 1) CPT( Cycles Per Instruction , §§ 4> 197 ¥ B0 47 i 4 J& 301 880
FIT LA A A 3068 45 R 3 1k 75 XA e TS 00 JEAT G0t 23 # L LA 8 18 IO SR FE AT 4 BF 1 <3 ik
Ji e

Bl 2.2 J&AE VAX IHFEHL L2 1T gee Spice Fil Tex JEMERR T, I xd 4 Fh -4y X iy
G LA T GE TS R . X LA T AR e 1% w3k L =2 BT A %
FELLELIHI VAX S5 F i rmil 2 W oy em Fak r A% .
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70% [ Tex []Spice [1gee ‘
60% -

50% o
2
40% 8% 399 40%
. 32%
30%
24%
20%

{v_

16° l%
0% e 3%
0% =2 B 0%

A7fif 2% ) e Fht ?ﬁ?ﬂtf}kt ﬁﬁ%%lﬂ]f&ﬁht SCEREGEHE fmAS L
Pl 2.2 ik Ol TS Bl 46 2R

55%

17%

B 2.2 0] LA 7 BV ik XV 8 <3 ik =X i (o PR AR BE B o BT LA, R i
A X MRl bk SR — S T

XF T B <3 Hk SR 58, S [ RS e B% ek 0 IOV L, T RRE 1 IVE L s RE
R L THEMZ DN TBOR L m WA, X—EFTHoEZ, WHEHEZEER
£ Ere R (U o o

& 2.3 2A{E—£ load-store 254 )11 35 4L ( Alpha) |- iz 47 SPEC CPU2000 Kt fE 4 ¥
P B geitaf . B b e 5l g5 7 8 8O R R RORR BT A D O A B Ak ) o7 2 4L
B Mzl DUt BT P f 1T O RS 08 /N A 0 )72, X BRI R fE A fif &%
‘Fﬁﬁﬁéﬁ%ﬁfﬁﬁxﬂfﬁ%*ﬁ??@ﬁﬁﬁirﬁ]B’J{ﬁizﬁﬁ“‘ﬁﬁﬁﬁﬁiﬁlﬂ; I3 b B
ZIN ) A A% i FIASEOR 1 D B% Ak 12 oy A7 RH S R BB, X — SR TH & R D 1R B B o B
R TS %

40% —- - -
35% \,\ -
ﬂ \
& 30% | - - ——
[
2 25% | : : - = —== —
T \
}‘é 20% |\ |
5 .\ o o ) A )
™ 15% \\\ -
\ A
5w | A A
T osw ) A7 - - oy
(] | N !;/f/& ~— ‘4/‘_\/
0% s - e —
0o 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

Pl 2.3 2% Alfh 7% ko B 40 B0 £ A B0

L BB T SN T ALU $8% LUBHE 2 AR T4 ar /7 a B A B0 . X
TR WA BTN 5, B 0 B0 E Kt P AT (948 2 18 2 HA R 43 47 4 B A v B8 ik Jy
o K 2.5 EAE S5 2.3 MR KT HLREL 0 2% 0F T et 59 7 BRgcS ik Jy = fil



‘o
-)
&
"

RS T

B b i B W, K29 174 () load £5 % A1 ALU 45 2 R HT 1 57 BREHil
2.5 HELEAIHBIUHATRNFE

i JH A 3
S (R R
% RS- 1y R ]
load 454 23% 22%
ALU 454 25% 19%
JiT A7 45 % 21% 16%
55 0 A% <3 Ik 0 0 0 28 AR 5 G N BB BB S . RO X ANYE e E TR A

FrSr BVECT BT o5 R A B, T 23 RE AR A K .

Pl 2.4 A0 5 18] 2.3 AHTEL IR 1S L AR I3 08 2R A0 B G 1 18 7 BB /N i £ FH 4 A
T . BEAR AR AR 7 EVEUY A7 K. AP o] ARt diehs T G 2 8/ 57 B RR, SR i AT
2 H B0 AR iy o7 BRSO T bbb 3155 o e A A Mt , =40 By
BRI K /N R 8 ~ 16 3 i B AT S i 16 37 LA L (1 ~7. B8 el A 0 ( DA
Alpha $i5 2 i) Jie K7 BIECR 16 437) A7 AAE VAX(SCFE 32 47 3 BPEO) ik 25 i 48
i AR W] 20% ~25% 1t v RPEORE i 16 {7,

45% - o o S -
40% - I -
35% - = —— ——~ e
30% F=\ - ——-

25% \5— —— S

DAL DR 54

20% %
15%
10%

5% 7
&

0%

I 2 3 4 5 6 7 8 9 10 1 12 13 14 15
Vel 2.4 2% o7 T £ K0 4 5

2.3 jSSEEMNIAIG T

PEBETE— Al i A SR LN R I, 07 21 0 5 5 I A S 5 K T N S B 1 i A 1) i (4
1) ot TSR IE RGEAT I B RN A Z —, BT LS D RE B TH S PR b e 2 o s
BRRE Dy 53 W, B 502 W e AR ) R 132 o 4792 B, IR 2 e ot K PR S B L A 0
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A7) 1 WP S A Sy RE T RE R ke 92 B, £ B BRI A 3 A MU AR A
PE TR S B0 R PR AR L TS P 2 KR R S BT R U
FEAE T R TG PELF . — R 5, e 4% B A o %) K AR ) i FH A £ ke 2 B

AR A SR S A BRI SRR RS R R RO FIAR A

S8 A P A5 AE— A7 B AT 0 A7 28 (] N 08 AT A nl g £ ) A0 o 3 155 2 e I
18 A M A LA 5 A LBl T . e s Pk SRR AR RE & T T, & 2.6 Sl
T2 AR L ARG ) — e g A L O 4 2 Tl H L R R A dR
Ao AT IR A SEAS K — AR 25 XH AT 3 Rl S B M B MR AR B A R (R 2 . ET R K
64 Ty it AS [l 45 A SR 5 R ) SCRRRE I 23 A BRI 25 S A — AU SR ) 1, B 250 X
SEAM RGO A A 2648 4 308 X Tl 4 MR BRI A 2 4R
SER I S R AS K], AT 0 MR A AS £ (IEAT o] 45 4 S FF i A7 i D el e S 4t 1F 2 & 4R
Ao X FIE AR ORI B, LT T AT i (] 7 o538 5N 0 S LAR B AL 1R AR A
F 30 R 5 H S A AT I TR AL P DA B 2 BE (AN AE VAX I TBM 360
) AT R DU 7 i R Pl 2 16 2 7 40 G R PR i 4 A R 4 A H R B

F2.6 EEELEMPBRIENS K

e de 21

SORREELET | ORI TS SRR LB Y a
B {646 load store

P T a
% 1 2 AT 0L 07 B 2 2 -
T A TR R, e R g

I3 il I, 130T T B

A TR AR L R

[ IE FES ST 78 It T(E

RUAEPE B AR R PRYE R 23k o X AR RGBT A7 5 48 2 A C A6 oC I fi
FH B0 1 B A A AR B il £ A7 i B O 66 BT AT AT A AR )
GERTTE . ERRAERS AV B R BEE  A-B RS N IR W BE B-A RS B
SIPE ARG X T A5 Rl A ] i B A RO R L IS B AR Rl 2K R BHE £ 6 BT, 5 4 1 B AR
BRI ER R B, WOER BT HLAT 5 B BSR4 RIS, BIRRAE G 0 0 4
Sx4x2 =40 Fjfa] — A 1958 CAIIE SR &) o Aid, S PR BOR & A%, o AS K352, i LU
— B S B AT B RS 8, A i A i AR G U 1 10 Rl .

o AR AR AR 2 I PR T BE PR T . AR RISC iR R &5 K b, K 2 Hidk 4 6
RE A — > 1411 P 58 B, T L A3 AT o i 4 4
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2.:3.1

B2 LRSS

FE B A SR A5 H I A7 R R SR AS TR) A 50T SR R 7 A T 28 AR ] F B AL
A5 CISC Fl RISC, CISC PP Z&48 2 TN, B R M 15 2 DI fE , L BOKE 2 (1) )
38 F Aok 52 B, O FLAR 4 I B0t o 2 Ok i &2 s RISC BRG] 15 2 R 3H 3B, £ )2 0]
At L 5 2 SR TR AN OLHE 4 1 2R B | i ELAR 2 (9 S E o LE AR

CISC #6 & & &M ThRE &It

CISCHiAHm MM t THHEM L IR EZHENEL. RTHEE EREARKSL
S FETEIRHRE TR Z I RE R SR 18 A . 18 A R B TEIA #] 200 ~300 R Z £, R

1. Em EREFIEEES A

167 1) 5 AR AR P AR 2 SR e @ it AL R R RE M B B ik . RAIA A &
Ul /0 0 BRI i) 5 S R T T R A ] . AT AN R B H bR R A LR T
A5 B R AT G843 A R 00 e o R0 i L BAUA T B T 48 2wl 2 o o X i T
AR A FRECE I PR SEBRA T 5 % T AT o e A | T — BT 4R 2ok B AR, X
ASHBEWE D H AR FR Y (0 B0 7 s [0] , to B A7 24 b 40 AR 7 A9 KBE . T LA ML R JLAS J7 Tl
e ik

(1) 450z 548 4 (1 T fig

FERF 1 F 3 0 B TR P op 20 3 S AT eR B0 T3, Y (sin () Lcos () ctan () (e" 4,
NI, AT RABE 2 1T R B0 T 45 A R AR A L 19 oR BT B F R T . FE A SR AT
g T BT 2 T A IR AR T A SR B 20 B A . S 55 AL BV
haw A T REEE TR E - T EHERE S

(2) 49 ¥HE 1% % 46 2 i T RE

WAL LR AP b A LR B W BBl . 7 IBM 28 /] XF IBM 360 Jz 17 it 73
e Ge 5 b B AL 3% (A7 FTBO) 48 4 I LL B 29 37% o Rt 384 Bod 1%
EARAN FRETFENREWEREERCEZEMN,

BB A 2 1% B8 6 45 4 S X 1) A A MRS B A N SRR, BN, 78 IBM 370
AN T A B M A A A AL AR 2 B E AR AR AR (B ) R AL B
BB TR (CF BN BT 256) N EAF SR — b B R B B — )y
M2 .

(3) B4 SRFLIT 2 46 2 i T hE

fE CISC 5 2 a5 Mrh — R AR B T Z R T 616 4 Wi B 18 2 A+ BF i
482 % . BN, VAX-11/780 45 29 FpiE 18 4 5 TAMEER " 184 BhiE " 15
A 15 R R RS IR 4 6 PRI EE R A %5, EE MBI EHIIE S Imfigt 1
25 AP PR
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83— WAL T b 7 A A K Lo ], e DA XS LS B AE 48 4 B34 1T i S al
REZiif R Z WA AL . — RS AR )P 5 WP 2.5 B,

Vel v 1 28 P4 07 /2% S 0 542 0 908 4, M T 3 AR Ak L
SERL, S IMIEAE A SRS A KRS . AR ﬁLﬂ
AR o 1 BV FE AR L 145 W) AR B ep L il

BTN BL 2 15 40% A 1 ~3 KA WA T0% ., ——
DRI 47 B J2 00 45 4 76 I BRAR I o o 0 T AR Y9 L B
N T SHEIRIR R I Ve BUAT D 1 R Y E AR AR E

(19 K BE AT LA A B 4 A . B, £E IBM 370 v, %] ~g
BUET A RTHB M. (R ST
B 2.5 oh HEZRAE I BT % 1O S '

AR 138 3 ANy TR B E B R T AT B A L 4 S AR T £ B AS
FIALZIE o FUAT X T S90S (0 F 10 7 RO sl 4 4 o, FH 0 960 0 i 10 48 2 BBUTTT 1% 2 A &1
Bk,

2. ARBRESHRUTIREHIES &

HUR, 45T BEML L 32 17 10 40K 2 5082 e 5 2 5 S0 5 4 5 SR 4 PR U A A L AR
PRI, KB BOE S 5 — B LI & 035 L2 B AR %, OB B B 5 R I
PR T SB[ .y TG PR RS AR B H B A, 5 — T R 4 PR IR 1 A
RS M AR M P A o TR I, et 4 B, 1 X 15 36 o 450 0 88 0 S 4% L 4/
B S LIS i S, B AR A LR

(1) B3 Ao 5 938 5 R0 PR 28 10 2 45

S S o AR o4 e e T U A 1 B8 PSR BEE R AT G5 T 55 A0 0T , BT AR 8 A
B AT I DI T AT o e T A, B AT 68 A B Sh B L 0B B A 1 AT
R RN 1T 08 A, T A B AR R A SAT e AR R K 1Y
B B0, A5 GEh 4% S W1, — G I (4 35 ) 76 75 38 35 A2 R BT o 10 LL il 0 K, 16
FORTRAN 2 b 11 6 FH A3 JEE S 31% o bt T — o0 G 010 15 ) 2% phy 00455 2 45 4 ok 9 9
Fr R 02 50 422 2 46 4 1O R I )2 0 5 3 75 B0 ) 4

T A Gk g b W] R B (IF) FIJG 4% £R 4 5% (GOTO ) 15 41 JF o 19 1L 91
P, 3k 8 T 20% LA L, BT LA K 3R 55 RS 45 4 10 3h BE, B0 B B 45 4 10 R R
B,

TR, 300 R SR SR 9 HURE P U0 2R 95 45K o 1 A5 R ) A Ot K B B
R 28 (047 7 345

ARSI FARY RS W ROE E AL S DR T A 1 0 S  HLSRE R
YIRS E BN TVFZ . R 1B WLRR O T 14 75 2035 = 0P, iR 2. 6
AR .



36

B 2wr PSS AT

| EmiE R
1 ! Ej‘ g
B
wE R il .77
% v¥ = MR A
= % P AL
w | 7
AL it
‘ B Wk
it T
WH o
| ARERLES

2.6 AR HLAY I R

(2) EgaEF AL

FE R TR P 5 i 0 SR 0L b FL A% 58 5 0 th GO TP R B I A T I . B a4 2 1 2l
AE, SCPr Lol R4 /NPL A0 05 5 m JE 5 00 25 B 0t 39 o R I A R 1 A L e b
U VR BHIEOY TAE . ol LAE— B A B0 L, A2 LT Al 2R R, I o gl
A TR G L K I S O RIIL AR R — X R A 3K Rl S ALRR ]
FEPAT S HOE S IFRHLCINIE 2.6 Fros ) o e R S 0 J5 35 0 0 il 5 IR R T R R
PLas I SR T .

YUk — 20 U S BT S 0 S A LA R L [ B R s R
JY- 1) 0 ) 328 2% HEA M R EHA T IR s B 1 PL B SR 7 S B 5 I TR AL , 5 ) B A T i
PR A I i

X G TR AL BTSSR A 20 fiEal 70 AR, R — b LB Y T3, k)
TFREAL M & IR IAT 7™ A 2 R 5E . R Y B 4 /LS 5 S OE T 1 25
5 H AR S iR 8 BRE R AR AR Y B AR (B R MKk
B CYITAEf S M A R RA B P 2 RGO - RIB S 5 WM. SR 28]
DA D JF R RGO MEE o F5 R, A4t 2% 1Y OB R R el 5 A AN R ) B B A R A
AT LA S 90E SR 1 . X B AT E] R e T B R G 45 0 + 4K 10 i
125 RE A% A0 IR AR B A A% 2 11 T4 1 PR3 o oo 1 1 i AR SR T

3. HEBEREHMULTHLHIES

BAERGEATF ARG WS R HK RN BEREN LR KL kT
FOLE M A . H SN R S AT

o LhFRHL T AR Al A D) 4

o IEFE AT PR AIY) 45

o (AT FL RIS KR
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2.3 55 ELMMN I FERIT 37

o HEFEMYIEIA S R (G S AT AT LA

A R AT SR A B TR A, — M P R T AN BRI

JRUAE 33 6 5 A 1 el AR O AT (EL A SR A T 0 SR, BRAE R G Ok S B
A g A SR AN ] T

RISC {5 & £ &R ThaE 1R it

1E 20 {22 70 AR 0], AT C 2R3 H e 2% 45 2 AU 5 S B il HLds AT
0] fEFRAR R G PERE AR . M 1979 AF T iy, DG BN K “F A ve A 53 B2 LA Patterson Jy
B IAIESE /N X A SR A5 K 0 5 BE R AT T B ARG AT i 9 4 R R W, CISC 47
/\%»NFJ@EU‘—"I“

) %*‘Hﬁ-’?%@iﬁ%&f#ﬁ?ﬁé%%,i’F%f&@?ﬁ"*Fﬁf‘J Wait, RA 20% 84
o PRI 3 bE e o L g AT i () Y 80% ., ifif JL AR 80% 45 4 RAE 20% )iz 17 0 [A] N A
S EN i HL TR s 1R 4 A U d R AR AR A

O AR A8 FBAR 2 T 28 A MR8 AR KL % o 3 i 7 ] 4% 4 8 7
E| 38 ,%rlﬁi CPAS IR R R s R TRl 5 CPU s s i AR
=LA l‘.) 25 VIST B 1 AR A R XE s — & AN G I 1 F i 1] F0 A | 1t H 25 5
i B R

@) P24 m THAE %0 L CPHH A R (—fig CISC HLAR 452 19 CP1 #f1E 4 LA
P AT EEAE 10 DL b)) BT 2 . SR X 26 2 2 48 2 A7 n] R (4% A~ 1 1 S0 T I ]
St 34

@ th T2 RE S A, BUBYEASGE AR TR AT K B0 A R 42 & Pk fig .

% 2.7 JEX T AE Intel 80x86 | 174 BUFE Fy AT G i Mg K. R p BT gl 10
PR 4 2 S T T A RATRE 2 96% - Ntk , AMITAES 2 A8 T R4 Z i 4 (5

S T B 25 B 4 2 AR A T R k4G 2 {Eﬁ’f"—&? Patterson 5 A fE#E4T 17 IR
AMBESE )G B T RISC §5 A 25 M BT AL, X —Fh 55 CISC Ay 31 e g 52 42
AR B RV ERR v ik iR CISC ¥k £, RISC n::&ﬁﬁ%m%éfc M A g s rh
1 — A~ LR,
% 2.7 Intel 80x86 ;& FARI 10 £35S

T 70 EE HF 1Y 80x86 it % 84 BT AR (o AT 48 4 B0 1 4 1)
1 load 22% .
2 Xt 3 20%
3 Lk 48 16%
4 store 12%
5 il 8%
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§ 25 IFEHLIE S KA

PRAT U HE ) 80x86 % A BATLIE (1 ST T 4 2 B80T 1 4 1)
6 L 6%
7 i 5%
8 PP AT i — 7 A7 4% (0] K 6 4l 4%
9 i T 1%
10 & (1] 1%
il 95%

it RISC 115 HL— M 0 432 06 LA B ) .

(1) 484 B0y o, o 45 4 SE i, S0k IOt 95018 AR o i 45 4, 76 I S aik
b7 — e fe A AR 2 (W SCFFHRIE R R & 905 5 LB L) .

(2) R JHfay s g — iy 15 A0 XL R A Fhk ol 184 7 K#E ok 32 fisg
64 {1 .

(3) 484 M PATLE A DLAS R 0T 98 B CR BT K R PLHIG ) -

(4) HA load Fil store 44 A RE Ui [0 £7 ik 8 , oAb 45 4> Ay £5 4 #B 2 A6 27 47 28 2 1) it
17, B K A load —store 2544

(5) KRZEEEA BRI % 2 ok S0

(6) SRIAPLA G % 0 T, O e 900 5 F2 )7 AR LA i AR A5

(7) 53 R R KB A R B o 1k fE .

1981 4E , Patterson % A WF#l s Th 1 32 v ) RISC T fiAb P8 . RISC T vp H A5 31 &
B2 FR AT KRR 32 4, 645 78 N1 FH A7 A7 4% , B B 45 R & 8 MHaz, 5 il 35 43 Fir
0 TR LA 2 6% i 2 i i S i 1Y R AL AR B Ak PR 2% MC68000 1 Z8000 43 %Il
50% F1 53% , RISC T (44 fk Lk MC68000 F1 Z8000 R 3 ~4 5, 1983 4F i {1 XX W 4l
T RISC 11,484 4800 39,3 JH 27 A7 28 %0k 138 iP5 R 4 12 MHz,

B RISC 1T LA 4h, L0 9 RISC HL 2% 34 6135 IBM 1y 801 FiI Stanford K %%y MIPS,
IBM (A fF 5 T 0E L AE 1975 4E 0P b 1, SR S FOJT IR A0 (HL 30 R e A A JF il . 801 52
Br b HOEASIR A 55 H o Stanford K 2% () Hennessy K H [ 34T F 1981 4 % % 1 b
fiTf) MIPS 3H5EHL. iX 3 &5 RISC HL&F A 17 2 4L [F) 45, © 1146 K Al load —store 2% 44 1 [
E 32 HAR A T, EL AR SR IR SR FH 8 0 K B A .

1E LR WETE TAE A6 AL F L1986 A&, THEE ML Tk 57 4R & A 3 F RISC £ A 19 1%
AL HE% . Berkeley f) RISC I fi7 ok & J& A 1 Sun 23 7] ) SPARC Z %1 1 4b 3 88 | Stanford
K2 MIPS Ji5 ok & 1 MIPS Rxxx R 51| i #R2%  IBM U J2 75 3L 801 (9 KLat - i it
TR R GG K L T IBM RT-PC L K 5 % iy RS6000 .,



2.3 fESEELTH I L RE BT 39

2.3.3 ##H1ES

P4 A R MU B R . IR A B AE YR T AR A MU
R I L B O I 4 4 5 1 M 4 o A A AT AR R i R R 23 SR
AE A% 08 b AL (1 45 AT 4 Bl e 2% 4 5 3 (conditional branch) (Bk#% (jump) \id 72
VAL (call) 1AL B2 IR ] (return) o 3 4 FlAR 4 B 6 FABURE (o8 #2448 4 SVEORD B 43 L)
N 2.8 iR, XELHIELE— 1 load-store B S HEH 1931 S HL L AT S AMERR 7
SPEC CPU2000 15 1.
®2.8 EHESHERERE

{1 JH 930 1
AR
BB VLT3
P /3 [nl 19% 8%
k4% 6% 10%
i 75% 829

M 2.8 AT LU HY s P AL ) KR 5 2 R SR S (R FFe RS ) o [k,
IR R AR IR ER . R 2.9 5 7 AR M 3 R KRR oy SR AT 5
B FLA R A

2.9 RFAXFUNETEFERARBRS
R R W 53 32 2 A 10 J7 i/ ke

AU REMBMRE, miHE
ARAE | KW ALU B AR BEWI — S0 hE | oT DA A il BT | R TR I BRAT U I D e

(€C) PRI ALCH CC) Vi L5 TTEEARAIE 2% 1 5% RE W A1] M % 1%
LIS i
B S MRS N ER ]
RAFAACES | — A A A7 A% K DU A W % | TR i T — A7 A
WA

PeB R R SR o — 8 | & 4R 2 (il
B3| oy il X R LB R B - | ARMAR) AR
PR Y ESIViS3

E PN W @ W R O RO O
T RE K £, 16 — A WA 5

TEFE 152 U e R 1) H Aotk . fEA KR 2B BT, #54 h #R 2 oA
g H st . FUR SRR [l A S B A1, DR A G 1 O AN R T G [ bk FE
e H s bk S5 B A 77 i A B 3 — R RS B, ol R RS B AR Y RS
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2.4

B2 iR S A

(PC) e M i 45 11 H ARk . ik Fh - aik Jr UFk D PC AR ke SR AT PC AT ik
07 AT VP 200 a5, 3 AR e 7% L s 3t il E%J MR A AR, A XS T 4T PC(E
(14 s B8 SR 1 Aot ik mT DA AT 0 I /0 4 %32 H A ik Pr o 219 2 8. i FL LR
PC AR 1k o] A AR Bl e 4R 3 A7 AT AL B IR AT o X —HFPERR N 2 E LR
(position independence ) , ¥ i % I /0 B 1 R 9 AR 4. RIS T 46 SUAT b B b AT
By A5 R OR UL, AT TR

WP 4E 2 R PCOATIXE Tk Ty 2K 6 2 SEH RS H b s ik I 5 008 e £ R
/IR o3 ARG B D6 2 I B b B I L AT RS R R W] R 4 ~ 8 0 A i A
FBEOLME 27 0L s K288 2 MR HAr ik 1.

X Tk R AR [15 L BR 1 S SUCE R Z A, T REE R LIRS B

LA PR A IR [l i CORCAE L B B 1 27 A7 s el AR v ) o b 25 A7 SR S AR A g 4 it 1

T PR AT WL R PR A7V 22 25 A7 4 180 A L 100 B A 500 1) 4 4 42 245 0 U 20K ol 2 196 4%
Az B load il store 45 A AR A7 sl B 75 7 R 0N A .

RVEFBVE BRI KN

VAL R G2 I e A A RS0 S R 2 SRR L B R R S BRI (BE E HERR L1
TR IR RO AR A L AR BOETSE ML R Gl K, T R A A A K e R g s R
o BB TR {7 S B, WA S A A S B, DR RIE R B AT S 0 v

BUIE 28 (data representation ) J& 45 T 5L 15 R 98 1 B 8000 45 4 4 0T DL L3
FH BRI L 8 R i A7 33080 80 o B T R G B A 17 90 | D 8 1 2 B L 4 5 5
LR . W BB BB (AR B TR BB TR R R,
A S AL R R B A — S B b Xk S Ah R B R AT R R A R
TR o

ﬁ(#ﬁ%éﬁ’](dald structure ) WA [A] B 08 45 dh 0 2E 47 A 330552 B0 A6 45 i B i S R
ﬁﬂﬁ? R 7S T e K SE RS S Y 1) R AR A5 6 5 ) S K 22 R) 4 O R 20 LA Y 1 B

o R BR 1B 2 % 2 A0 I T AT RO 2 TR A R B 5 4 B S 1 %

Un Aoy Ay i B AR R R E VT R L — . M R SR
FEAT T 5 A B B0 £ %, 0 g AU, R 0T DA Aok A 1 o S B 4% D A A I B 6
T AR 1R 23 ROK R AR 2 46 11 1 i AN sk ﬁ'?i ~ B i, 0 A A 4 ) B S R A
GBI R R Z T R AC e R AR 2 AR X e AT A 1 B s R0
) R 2 RE ik AR A B B LIJH:,ﬁﬁﬂﬁz’%‘&ﬂ%i‘im*Fm,l..m;%/l\i’x@ﬁﬂl%%h i
fi] 2L,

FORBAEBCE R ik LA R M Rp .



2.4 PRAEBA K EIFA ) 41

@ 484 i BRI BB M, ORI M k. R ZHGFRL
HBBSRH CaxAh . T e R R b s T LA B S R — Rl B 6 N [ A R A
RO A B E AN R 4 4 Qs B0, T U, GRS o 5 o

@ # BRI FRR I Crag) | Hr RO A B 25 ER AR BOE AL . S A T O A A AR RLR
(R RO e /5 o B 0 2k S0k e b LA A O A 1 R 2 R, O R A AR N ) 454

FEBRAE BR LA 0 B0t s A AR 20 AL B0, BB T Ak 48 4 4 T e A B B S —
FOPERG A R R B i/ T HLERIE S S OE S s R ik T i s 5F L H ok
Fitg EAERAT I AR b S A K AR PLRF, 2 A A FLACOK, Bir LUR X A 75 28 1 1 5 HLAR
[

A A ep BB K (size) SEFEBRVE RO A7 B 7 1 . — Ok U5, J2 221 KUl
AT (8 AL CEF16 1) 7 (32 fin) HIXUF (64 £7) . F4F— B ASCII #4 £ /R, R
— AT RN BN LT AR R A R R RN AT DU R R
TR AER A BCT LA AT O SRS BE TR S B A7) FUBORS BE V7 s 8 (B ) o 20 fiE4d 80 44K,
DL, REBBOTEIL K8 BRI 4 A TR SRR B R ik (BE R JLT- B Aa ()3t
BHLER RN T IEEE 754 7% & bR

A Sy BT ) B b N B 7T R A SO Y X R R A O R R FR
C g b kR S 2R T (Binary Coded Decimal ,BCD %) ., B & ] 4 i
) G B R BT 0 ~ 9, R K A I B AR A AR . W Sk
BB A s ok R AR AR TR g Tk . XA RALT, — RS BRI A R 4R T
S BORE e 48 1 200 T 5502 () 00 4 7 R 4 e A 4

TG 7> SELE M BT b v, 0 X 25 b S TR 48R 4 B8 I U ] 50 32 AR T B L XA T
i R B K TR g A BB AL W R S RF AR A RS B . 2 2. 10 B T SPEC o
JF 8 P R RN 4 R A RO 7 ]S A L

% 2.10  ERAEBK /NG B 951 BE

Vs ] 33 1EE
B A H AN 4
O i
[ 19% 0%
ko= 74% 31%
R F 0% 69%

M 2010 i nT RUAT Y R A e o] 0 A6 007 1 80888 ) LA A v 11 A

PR B KN 32 7 e £k

T LA

AN BT 20 A o] AL, — 5 32 (LA TEAEHLN % SCRF 8 11632 {7 8 B HR A 5, LA & 32



2.5

g2 8 FEHIESESH

i Fl 64 {114 TEEE 754 b5 i1 77 sl AE 8

BEORBIIRTT

54— BB Ar A B . BRVERS A hE RS . 5 A% X A BT et B e 48 2 T 1 S
15 5 X, A 45 $5 1 0 < B R bk 7 7 B ) G i RN 2R O X 48 2 A A U 4 R TE AR
B AR A B2 A S L X Ak B RS 1 S Bt A S ) DR A Ak P B DR G M X AT
T VA 200 AT 4 1 LA B A oy 40 39 HE 45 A 48

A B (%) S B b 4 1T B RN B0 . B3 SR ] LA FH Huffman 4 At 3 ke vl 2 48 15 14 () °F
IR BT RS RS R KR, AR B R FREA A3, S 7 R IE RS 1Y
PRI BE VR 2 0 R ALER R T 1 K B R RS .

F kD R R R A R, AR T SRR — R RS, S — R R R E R
() sk R FF o G R AL B ES B AT 2 R0 Tk 5 5 1T HAE A A 2 EAE R IR 4 80 AR A R
BRAVEAS — R A, 1 %45 1D B AE 505 B — A Mk 55 R AF , o B R A 48 R AT 4
Fhk . AR A FE 2R R H load —store 254, F 41k X R AR ILRN . B 2 6K oT LA 3E
Fhk X g b B A v

TR ML 2 A7 88 0 A B0 F- 0k X 8 H BT S F KA R KM, H
HAER — A5 A et TR G r A BT RRREN ALK, H#IHL TRV
FRE R I, AR Y P B B AR B 2 B . BT LA fE R 2 B B, B AR R A
K5 A BCH DL Rk 8 H Z i kg

BRI A L W] BRI A48 4 1 (H Ay ST R 1 48 2 4 X0 0l R Ak 7
FERE MK S B . AR A RN IS 71T (8 0) I 48 BURT , 1T A B = B R i 1 8K
VAL B R T 8 K48 4% X, RR 1 & RISC 3HE ML, X & AR (9 47 it 25 8] Ry
A A At BRAE A 5 BE E A AL .

2.7 g5t T2 5N 3 Fidifdfg X, 50— R T 8 K 40, A ER
FhE T AR R AR 22 0, 1 Gt b At o B B 1 o X R 1K P e 1
(iR BRI . (HE X Fh g A% XA ] BB 2 45 2548 2 10 7 K A BA T I i) A 2
fR K. VAX F1 80x86 K JHI 1 ix v 4 it 4% 2K .

A% bR 1 K e A X, B R AR S R A Sk Oy K — Eiﬁﬁ%@l%ﬂﬁ%f? x
XA g i i X 2 R AR LN KIERMEMEL 1. Tﬂrh}ﬁfﬁh—ﬁ%&
A A i, 3 g i SR B4R, B o] DU SO R AR PR A 1Y 28 BE B R Y
KB4 RISC (#4544, 41 Alpha \MIPS [Power PC il SPARC #ﬁikﬂ%&ﬂ%ﬁ’%%i@%
FH 1733 A g i A X

FE LR P RS b R A7 e 8, S Br bl J2 AE H PR AR5 B B8 R iR 65 A0 fr ot i 22



2.6 MIPS 54445 43

Cwtew Dwnarn | | o wscwiste | wntee |
(a) 25 KA
ATl
(b) 5 K RSB

A

e i | sbman2| wne |

e | wakmmsn | enew | e |
() A I H A
PH2.7 5250 3 Fh g 4 X

[ EAT b . RGEASH B A AR S OGO i R R e H ARSI IR 4 5 AT DL ik
PO — Rl AE AN SR AR TERE IR 2088 T DA HESE —Fh .

5 ZRh ORI A R g A AR L B RS R B RN ER A AR Ok, RIR I TR [ E 1 4R
A, LUK 3 DR RE 98 /b H A AURS I B BB AR &2 28 FE 9 H A5 . TBM 360/370
(45 2 BRI 1 3 Bl 4 9 4% 5

U, C XA 2 RA MBI REA KRBT T BRI e, T a4
— e A 9

2.6 MIPS J59 84540

2.6.1

AN FEF LY A SR b2 ) RUBE Y — A SEBR B F ——MIPS 45 42 £ 454 . X X
Tt — 2 R X 45 A A T B R A AR R R B . Z BT LA BERE MIPS, 2 b
AL S —Fh HLE () RISC 454, 11 HLARSE & 2% > MWF5E , 5 T B A . A< 15 )5 1 45 55 b
FHIBIF JUT- 4B ) 3 1% 45 2 S 45 o

FI 55—~ MIPS 4b BRSO, O 2 B TR 2 IRAR 1) MIPS, T [fiKE A 49 MIPS
64 (1) — T4 PR HLR B o MIPS,

MIPS B & 1755

MIPS A 32 4~ 64 {vi 1l ] 77 17 #% ( General -Purpose Registers, GPR) RO, R1,--- R31,
EATAT B BB N R BT A 4% . RO PR K 6 S O, IGA B4 32 4 64 {07 5 B AT A7
¢ ( Floating—Point Registers, FPR)FO,F1 ,---  F31, &1L 0] A S AF 0k 32 4> ook e
FOBU(32 7)) , T U RAT T 32 4> XURT 7R A B (64 7)) o Y AF0f SRS I 77 A 8(32
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2.6.2

2.6.3

2.6.4

F2 PRI S EAT

() I, HUHF] FPR g — 2 H 55— 84, MIPS $2 4 1 50Ks BE FDSURE I (32 {0 F1 64
(7)) B AE 45 4, i ELA$E 3L T 48 FPR FIl GPR Z [l 4 3% B 1 45 % .

YN AT — SRR RR A AR A WP UK AR BT AT LU S A A S B
TP RUR S AT A7 8 TR R AP A CIF B RS R R 2 .

MIPS B #E R T

MIPS ) 804l 2R A7 LR 6

o B T8 L) 16 ) (32 i) MIXUFE (64 i) .

o TR MUK RETE ASUE(32 ), BURS BE VR AR (64 1) .

Z T VA BEE P TR A JEP O fE R T C 1 G A X R O R
i FLAEEAE R SR v b AR 5 T 1 S 7 7 AR o 400 28040 o o 9 25 ) oK/ 1 PORG
JEE PR R BB i TR B A

MIPS [ I EE X 64 (LB E L K 32 ol 64 (L7 S AT, 70 PPl
FAEREN 64 (i A AF AR, IEY e s & AT 5 A0 Ok B AR af A7 2% 10 ) A 3 oy . 4
AU KB AT ¥ 4 1 64 (B30 Jy A ris 55 .

MIPS ¥ #EF it A X

MIPS (1) B4 3 a1k Jy 2 A 57 RO Bk 0w B8 o -0k B Rl 57 B 8807 B A 7% 4t
B 16 0 o A5 47 &5 ] 45 - hb 2 3l 2 48 0 75 8 I B8 4k R SE BRI, 16 43 46 xF 3 dik it
LS ROCHAR K Ly 0) 1 2 B hE 27 /7 8 ok 8 UM . X AR BR LA 1T 4 Fp 3 ik
o

MIPS [ A7-fiff & K 4% 7 37 FhE 1 Mtk 2 64 i, HiF MIPS Jj& load —store £5 4, GPR
H1 FPR 55 476 45 22 0] (1% B0 405 14 105 4 i3 3F load F1 store $§ 4R 52K . 5 GPR 47 XA
LR AR U ) Al LU 70 O O, 55 FPR A3 56 B A7 5% % U o] T A2 Bk )% 77
JBCEOOURS BETF KB AT A it i 7 [0 08 A 25 J2 141 5 38 5 1 o

MIPS <& R

MIPS (9 - 41k 5 5002 i 055 B #5840 b i o Ol 1 fd Ak B 8% B AR B E AT IR K S B
FIPERS , BT A7 1 45 & A0 Rt 32 G010, LA U 2.8 Frzs o X 2645 4 #s AR ff o, 3L
RS 6 (. MIPS $22 AN [ 26 B () 45 4 8 & A o] 19 4% =X, 647 3 Fioak X, & A1)
SRR R T TRAR A R BRI R4 fEX 3 Rl b, W] 4 o Be i £ 8 A
A

LI XS

X AE L ALFE T AT 1 load FI store 45 %, 3 RURCHE 2, 43 S8 4, A7 2R B AL 46 4,



2.6 MIPS #5254 25 4 45

A AP EE B A . Ak A& 2.8 Ca) B 2R, S eb (i 57 BT BER 16 o, T T 4R 43
7 B R A

6 5 5 16
Dt | s | on | EGmmediaw) |
0 56 1011 1516 31
(a) K452
6 5 5 5 5 6
rﬁéﬁiﬂ l rs T It ] rd ] shamtl funct
0 56 1011 1516 2021 2526 31
(b) REFRA
6 26
e | SPCHImIY fFS 1
0 556 31
(c) IKHHL

[5 2.8  MIPS )45 4 #% X
(1) load &%
VifE A stttk 4 Regs | rs ] +immediate , AEfiff 5 BOK (9 B4 T80 27 A7 4 e
(2) store 54
VifeA &tk 4 Regs[ rs ] +immediate , A7 AALEAif 4% 0 RO AR 27 A7 4% ot s
(3) BN EUE 2
Regs[ rt] « Regs[ rs| op immediate
(4) 53R %
¥ H fr bk 4 PC+immediate, rt JGH o
(5) A AT s Wk (27 A7 2 Bk e 0T B 4
H Hbr ik 4 Regs[rs] .

2. R £¥E<

XEFE AL ALU $54  & HIAF 77 2% 32/ 5 45 2 omove $5 445, HAE 1K 2.8
(b) iR,

ALU 484 :

Regs[ rd ]«— Regs[ rs] funct Regs[ rt]
funct g A ) 128 S 11 G 1)

3. JE£ES

BXORAR AU B A 48 4 BRI T IR A A FRIR A S R M 4E 4 o M X dn 1
2.8(c) iR, TEXEARLH 182 7K 26 A2 WA &, &5 PC{EAH MY u Bk 5% i)
otk
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2.6.5 MIPS B9R{E

MIPS 454 0] LA4r K 4 %5 load Fil store ALU $24E (43 3 5 Bk fUE S84 .

B 17 RO Sb, Fr 45 3 H 27 4788 15 17 207 A7 88 80 0T LAREAT load B store, % 2. 11 Z5iH
T load Fil store ¥5 4 (1) — 48 HARG] 7, BORGREEVR S B HIF S A4S —F . vhE S
KUK 13 22 8] ) e e 0o 21 0 A 6 A 7 VR AU A8 X2 TEEE 754,

% 2.11 MIPS #j load # store 54 BB F

154 24 il KA 2 X
LD R2,20(R3) AT Regs[ R2 J«—¢, Mem[20+Regs[ R3] ]
Regs [ R2 ] «— ( Mem [ 40 + Regs [R3 ]],)" # #
LW R2,40(R3) BeANT ) “ '
Mem[40+Regs[ R3] ]
R Regs [ R2] «, (Mem [ 30 + Regs [R31],) ##
LB R2,30( R3) AT
Mem|[30+Regs[ R3] ]
LBU R2,40(R3) BATFFSFN Regs[ R2]«—,, 0°°## Mem[40+Regs[ R3] |
Regs[ R2 ]+, (Mem[30+Regs[ R3] ],) " ##
LH R2,30(R3) 3 Ak T § o o
Mem|[30+Regs[ R3] J## Mem[31+Regs[ R3] |
L.S F2,60(R4) R AP I TR SR Regs[ F2]«,, Mem[60+Regs[ R4]] ## 0%
L.D F2,40(R3) & A OBUKS BETE 18 Regs[ F2]«,, Mem[40+Regs[ R3] ]
SD R4 ,300(RS) {5 AF XL Mem[300+Regs[ R5] ]«—,, Regs[ R4]
SW R4,300(R5) AT Mem[300+Regs[ R5] ]«—,, Regs[ R4 ]
S.S F2,40(R2) PR AF PR FE 77 58 Mem[40+Regs[ R2] J«—,, Regs[F2],.
SH R5,502(R4) {172k F Mem[502+Regs[ R4] J«—,, Regs[ RS ], . .

PO« BER PN A7 ) (R0 2002 20 50 0 5

FEF T AR 2 MR AER CRII T XU F CIlESMHIRES . f£2.2 Who gy
T ILARF S RS S A AT S B R .

(1) “xe— y" KR y 3% n 73] x. “x,ye2" KR 2 ZEF] x My,

(2) M FAnm 7 Bob BRI AL, X T 45 2 FUBUHE , He DA 5 i A 21 55 4% 17 ( B
£ BUAT ) W UF AR K EAT 4 55, B R LA A O 7, IR B AL A 1 7 AR HE, Fhrnl LU
S AT T B AT B0, Regs [ RA T, %% % 47 38 R B2 5 {2, Regs
[R4 .. o %R R4 I ERAR Y.

(3) Mem IR £AF &5 34k, /] AEREEANT .



2.6.6

2.6 MIPS #5445 47

(4) AR T2 x5 B A7 & f0 U8 (i 07 R — A 32 iRy 4 0 7B .

(5) FFo##0 T WA 7 B DR JF HLaT LA BU7E 0 1% 3% AT — 31

T2 AT R R8 Al R10 J& 64 {7 1) 7 f7 4%, Wl

Regs[ R8 ], .. s, (Mem [ Regs[ R6]],)* ## Mem [ Regs[ R6] ]
FR IR SO . DA R6 1 251 stk U5 9] Y A7, 19 B 7 W S AR S A R 32 )
£ A R8 1K 32 {7 ,R8 19 32 {ii (H) Regs[ R81,..,,) A%,

MIPS w45 (g ALU 45 4 #F 2 27 47 28 - 2 A7 28 B (RR #Y) 45 2 slr BN 8O, iz 57
B S EAR R HERAE . RS e SIS, R 212 P T s
JIT A7 3 #4431 S 4 N BIVBCH MRS, 2 508 0 N RDBUE i 45 2 I immediate 7B
(A% 16 1) L8554 e I A 1

£ 2.12 MIPS /1 ALU 54$ BB F

k4211 HA B/ & X
DADDU R1,R2,R3 K455 Regs[ R1]« Regs[ R2]+ Regs[ R3]
DADDIU R4,R5,#6 I EAF 5 7 B # Regs[ R4 ]« Regs[ R5]+6
LUI R1,#4 07 BB A — T8 16 L | Regs[ R1]«— 0 ## 4 ##0'°
DSLL R1,R2,#5 AR Regs[ R1]« Regs[ R2]<<5
DSLT RI_R2.R3 - If( R«igs[Rz}< Regs[R3}-) ‘
Regs[ R1]+« 1 else Regs[ R1]+«0

RO (B /K 1E J2& O, ‘& v DA FIOR A5 B — 256 FH . #ilan,
DADDIU R1,R0,#100 /7 TR RE R1 3 AR L 100
Rﬂu’

DADD R1,R0,R2 // JBAFAE A7 R2 i B A% % 2 3 A7 4 RI
MIPS K42 #l$8 <

FE MIPS #fv 35 ] 300 0 0028 i ot — 2L R G AL — 2H 4 SR 2R 9B R 2. 13 /3t T
JLFh S 2 B BREE MOy SCAR & o BRBRR O AR PFRE R, Tl 20 SO R JRAF e B . AR A1 B
54 € B AR ik 9 7 SUAS [R] DL B Bk i of 2 75 B 4, T LA B AL 45 2 20 AR 4 B . B E
H AR hk i 77 XA PRl — RO 424 2 b iy 26 (W R AR 2 6 (A2 7 KA 2
4 B)Ja B PR IF LT RO MK 28 405 75 Sb— Bl it e 45 2 P A E 1) — AR AR KR 4G Hh A
B H bRk R0 ) Bk AE o 7 F Bk e AR A R A AR b ik AR R TR . ik
JReEE (O T S BUIE AR ) 00 22 LE oy BBk % 22— A . AR ik CROBUT T — 5%
72 Ak A FF A7 88 R31.
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2.6.7

25 TR S RATH

Fz2.13 HAEM MIPS EHIES

72 ) 74 2 B o X
J name ik F5 PCy . . ¢3¢ name
Regs[ R31 ]« PC+4;PC,,. .o« name;
JAL name Wk 5% - bz N -
((PC+4)-2") <name<( (PC+4)+2")
JALR R3 UAF B WL IR 55 4% | Regs[ R31 ] «—PC+4;PC— Regs[ R3]
IR R5 AAE O ke PC« Regs[ RS ]
) if(Regs[ R4]==0) PC«— name;
BEQZ R4, name MET 4y .
; ((PC+4)—2”)<name<((PC+4)+2 )
if(Regs| R3] ! =Regs[ R4]) PC« name;
BNE R3,R4,name ASFH S 45 % .
((PC+4)-2") <name<( (PC+4)+2")
MOVZ R1,R2,R3 T RS B if( Regs[ R3] ==0) Regs[ R1 ]+ Regs[ R2]

BEWT 2 BR 1 LA A7 85 10 00 8 A5 A H bRtk A T BRAG LLAh | i A LAt 42 4 4 1) Bk 5% st ik 6 4 A X T PC R

AT B 93 S48 2 BRI AR P RE RS o 23 SR A bl 48 2 1 , Jn T R B i 5 A A A7 2%
M oA o XA AT & T DU — DB, ol LA R — 2% LB 2 45 1. MIPS
Pt T — AR T M A A Ar R B B, BN TR R AP
788 PN T35 AR 00, WL LS 2 HARF S P s — N 1 (R H)
PPRE B — S O(fUR AR o BMURRLEA BT “BAET "%, X LA
AT G BV T LR IR A

AT 10 73 SR 4 il DL ELHEAI T 27 47 8% 9 3 2 15 0 B, sl LU IS A7 A7 48 I8 75 A1 55

G SCH F R 16 (348 45 55 A% 4k 20 B8 WAL IS AL PCORTIN i 25 Rk e . )
Bb AT — 2R TE KA AE O SCAR 2 AR A2 T W R AUIR 2 A A A e D R A R AT
I3

MIPS B9i% R 1E

TF RUAR A X 0 020 A7 25 v 0 B A T B A L O th R VE RS TR 1 M B B K 1 (SP)
M IEXUREE (DP) 19, 7E48 2 WO AF b, G 4 S /R B 1 B0 B0 RS B8 77 A8, TG 4%
D 46755 2 UK BV A8, B an , MOV, S Fil MOV. D 43 51 J& 38— /> BAKS 15 V7 24 A7 28
— XK ETF £8P A7 % P AL A 3 o) — A ) B B ) 25 47 2% P o MFC1 Il MTC1 J& 75
— IR BETE RLUATAE R A D A AR A Z AL R BE . 534h  MIPS 3R B 1 1 R 8
U5 0F 2 ) AT R T M 45 4

TERCBRAVE AL AR I e e B L o3 AT SORS E ROURE EHE 4 . filtn, in 45 4 ADD. D
CBURSEE) AL ADD. SCHUORGRE ) 74454 SUB. D il SUB. S %5 JF & 8 448 4 2 A i
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B A4l R BV R A A A 2 b B 7, UE T )5 1 1R 43 304 % BCIT (47 ELIU 73
3 B BCTF (A0 43 520) W% AT, RA R S i 15 AT 93 3

A 2

2.1 R PAIRIE

HER YT 5 HL Fm s B L I T A A7 a8 B L CIsC
RISC ik Jr K Rt %R

2.2 DO AN 5 S HEEE M I BN A A E a7 AR I A B SRR T R S A o e 3 87
2.3 WP ULIR 3 FIGE T A A7 4 AR S AN A 1) O B AT R
2.4 5 BN LR TLAS REA B K 7
2.5 LA BTN I B iR N A AT R
2.6 fAjiR CISC 52 LESMIIREBLIT 10 EZ H bR . MCHHT I THSE LB AR WL LUK, CISC 45 44
L5 H LI BLA 1 Ak i
2.7 fAA RISC 54 45 M 1Y it st
8 R P R B B R 0 Jy 1 AT R LR
29 R hkJr S AT MRS A AR S B R I AR Bk A
10 H AT IR LR A A S R S HHTE
11 s CPU PERE 2 50, TR RISC 45 2 S 45 # 1H 50 LRI CISC 45 4 2 45 #3113 0L % 4 ik

[SHEN SN SR S

[ = o =
AL



3.1.

3.1 RKANERRE

1

B ORK&EER

—RAKE G ERBEL

— IR KR H P AR AR AR

—RAKREMHAMXE R
— IR & LI

— e AL A

HaRRKE

B X Tl A 7 o i K R — & B A= o B, 78 H g0 BT B O K £k b 4T A A 2
Fic ik B0l 20308 T, BRI T i — S A 98 OB A 10 28 s iR 4 T/ . AR KR
WahE A G, AT LA Se BB — A )l — ) B — A E AL T &R SRR R —
£ HL LU 114 2 P Ak A 2 A R S 0 e R e ) TR A AR L (H i T & A LY B e
A6 1] L T I A AT, P ot de 2R B K B BV AC AL U (R k%) 4R R .

FEAFE ALt Rl DR L J5 ik AN EE S B A T A R (M
MF EwWGTIY) ATl h LT R R L B, 48 2 A b B i A A ) -
BT A U it 45 D BEBE X FEREAS 7o Bk ] DA Hofh 7 BRI AT R AT o Sk R K
LA (pipelining) o LKL i) B 4> 7 1 F2 S LD BE IO FR M WK R Rl B, B 5
B B HE Y B K 2R o 7K R 1 BOBORR A LK R I TR JEE (pipeline depth)

PO LR E AR F 45 2 0 BRA T i R SR R T R A K . B, nT LA 4R
A AT I R Ay A HAE A PR AT AR 4 AR W 301 R

/K 2R A R T2 B ST I R R R T B R A K £, AR O T 1
KER . P 3.2 i /R J— AR 7R UM TR K 26, 8 VR 5N % A PR T 3 AR o0 MR B 25 L xt



31 kA E 51

M lwns] -[we] [ Cmir | -[ee] S

B BRI AR AL 4 AR B TR R AE A AL A0 B e, R A% B
IS TR) A5, R Ar, I8 4, BUSR 52 R — UKIF RN P s B8 A B | CARS AT S )
S 4 AL AE A N S I 06 AN AT 55, D DA o 4% 1 i o i R R, A B — 1 A
St — AR AUMEESE R . e, R 4 GURiK R0 T L A% AR B LR U E 5
M RESE = 3 4%

ih

AMrw | - | emmm |- e |-
At Al A At

[3.2  PFANLRK LR

K 6 1 A I A SR FH I 4 B O ok ik . 1 3.3 TR & Lk 4 B A Uik
LRI 23 P X LB A B B () AH 45 ) o fE R A B B AR AR R R B IA] . YU K R rh
2 B0 ) [R] AFT 252 IF , B A8 bR 28 8 LA — > B A I 18] (51 40 Ae) # R %0 8 BT . AR R R
73 ], BP9 K 45 v i) A — AN K B

25 [H]
tegh R \|i253‘4i5 el
= ! ! |
AT K 2r314(5{6
522 ;1 23‘ ‘5]\6!
1 | | - | |
W?E‘%l!ZlS 4! \6{
o 1 2 3 4 s 6 7 8 9 wa

#3.3  $5 2 WKL H

TEE 3.3t AT BT 1 AUREE | R4 2 RSB 2 /84 1 K54
TERF 21 0 BE A WKL 20 2 545 2 AERE 20 1 BEARKE, R EE 1 Zk 4642 B 7 R 27
BrmisE A" PRRS " BE 5 3 ARAR O AERS 2 2 AWK E, R AE 1 S48 4 BT 2R B
MIFEA AT B, 50 2 /46 2B IF WU 27 Bomi g A " B 50 4 /AR 2 et %) 3
BEAFRE ISR 1 5548 2 BT AT " Bemi E A AR 7B 30 2 ARkAe 2 B P i
5" B e A AT B A 3 SRR A B F R AT B A PRAD” B K K A

AN LG 0 A iT LA H K BAR AT RL R AR
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3.1.2

&3 r mAKALHAR

@ KA — A4 35 B A i R A ARt R (B A T B — & T TR )
RETBIE A S B, DRI, WK £ S B LR AT — A Kty Ak 1L RE B A4 5 8 D 22 1 A S 19 1)
REFB I, B & AT T AT TAE A R R I 18 AT I 1]

@) LK LR T 25 B I ] 16 ST B A A 7 DK 50 A K 2 0 2R I, DA Ol I I IR
(1 BOAG: B R IAE 7K 28 1 L350 ( bottleneck of a pipeline ) , B IRF 3T 7K 2 v i1 2 A S E 358 4 5 A
A 7E 0 R AEAE FH o DRI R 29 ] AR 9T K 2R v b B A R

@ WKL B A Dyl 0 1 18 R ZEAT AR vh A A & (BUAFAS ) PO LK 25 47
Ao FOAE O A0 A A0 1 W B 22 ) A 3% i L DA OR TSR A1t 1 i A B B e R R A5 By
Ak T A A LR

@ AR HARTE G R AL R, AT T A S A D 2 AT 55 A RE ST
I3 KA VLK LR

(5) UL /K £k 7 B A 3 gk o () FHE s ] AT R AR AR - AR S R S — M E
55 AIE AL K £ B0 3L 14 45 2 AR08 A~ I () B o Ao 4 A I ) B P AT 7K 2R AR AN I T AR
23 AL I )" T KR A AR T AR S AR K R BCR A RE S B ST 0 A4

KL

MAS ] 11 £y B2 FOWE 8, o] DA AL K 28 7 iU FhAS [e] i R 2

. BIRERKEE ZRERKE

X S 4 BT 7K 2R T ¢ IS0 T RE R 43 2

D B IfENR K2k (unifunction pipelines) : H BB 52 W, — Fb [# 2 2 GE M 3% K 26 . 0 At
M TE S oK 2. A EE R Z MU fE, v R Z & o K. f#lan,
Cray—1FLRUHLAT 12 S RE R K 2K .

@ Z Itk 2k (multifunction pipelines) : it 7K 28 () 8 B Al LA R TAS [a) 1) 34 22, D
LA e, — DRG] 1A ASC PP R A BB KL, B4 8 Ik
5, T A [v) ) 3 432 T DA S92 PR RN s i B R SR s B i 3.4 i

2. BERAKESHERKE

T i M) i ] o 5 Bz T 1) 3 12 SOk X 2 RR K A ilE— B il 25

@© # AR KL (static pipelines) : £ ] — W [] Y, 22 D BB WK £& o () 45 B HUREF% I+]
— B RE R Ty KT A . Y 24 ) — b 3% 13 55 B0 G Al 2 RE I, o 290 45 42 5Ok B 45 Uy
AL PR R AT I AR LR K R Z Ja A e 4. i, R ASC iy 8 Bt e &
S TR RN e S A ST B e ik i W R T . R 3.5
T, YA n AN VR RN S B i SR AT A A I, 6 AR B S — AN TR AN () i
50 K ERHEZS T, A RE U V25, JF IR B i85,

@ &KL (dynamic pipelines) : 76 ][] P, 25 Dyl 370 K 28 o 109 4% B il L 4%
WEANIA] 19 05 2Xa& 4%, R IR PR A T Z R INRE . & AU VFAE KL BE BB 76 2 B R g St iy — st



3.1 MKW HEA RS 53

(a) 7Bt (b) iF B (c) EFER:
P93.4  ASC b FRHLIY Z T RE M K&

BOENAESCBL ) —Fpaz B o DR S R T, BE S B 7 MK 4R & B i FH 38, DA i 482 i Ak
L plan, XTI 3.5 B MO0, s A WKL AL B AR AN 3.6 R, X HL, &
MAEARTIIT UG T CHOM TS WK 5 ) o 7 LU AT 20 40 B 4T 55 19 0 sh i
LARUEAREAE A B AR

LU PP AU et 3

8 1[2]s [n-1| n —|=
1 . -
7 Lo Z =
6 | R EEEL

5 11213 . n=1 n I ‘ ‘ ‘

4 2 3 . n=1| n

3 1 2 3 n—-l| n

2 11213 n-1| n

t[1f2]3 n-1| n

€ 3.5 A KR 1Y ks 1



B3 RAKKEA

| FE AU 5 e
‘ S () [ T—-T= '
8 EIEREIESES CIFIE BN EITIEY
7 ]‘I: = M| &
¢ =l =mlE
5 ]|2‘73‘ n—an
4 IE RIS R
3 ll 2\3\ """" ‘n—lin
r [ I ] T
2 e | 2 \ 3 \_F "'ll n | | ’
1 1127_3“"'l"']n—1\ni D*]:J:‘@aﬁl

B il
3.6 8 ik 2 2

AR TR A RK GOk UL, BAT Y5 A 12— =58 A 8] 938 54T 55 B, UK 30k
A REAF B 000 1 A HE o AR SR i AR (938 AT 55 (CANTF s Nk FiE s ek &2 88 )
WU 37 7K 2% B 550 56 2 B A 380 RO P A R X — L T s S WK R R, & i 2 Fh
B BAE W — SR KL P R AT o BRI E— RO B0 T, Bh A UK R 10 8803 L i A K
LR o AR B AR I K 2R B B A A £, T LA H R 45 K £ B0 I K 4R T S R
K .

3. BB AL TR AR R AL ER AL 18] iR K £&

X2 ¥ BEORL K 9 0 R i AT 43 K

@© FBO-HM ALK ( XFRE T A K LR, arithmetic pipelines) : 4L B ALY 35 A 2
BB FUAR A o B, (A5 A R R B () 18 B AR AR BB S HR K 7 KA. 1 3.2 iR A
B K £ A — A B ) 6] 5

@ Ak FHLG IR K L ( FRIE 2 i /K £ , instruction pipelines) : #1458 4 (1 fif B 4047 it
PG WK 7 AL H, - RIBLWPIT LR BANE T FIR, B0 F L B Al
SE I REFRAE AT o I8 3.1 il 4 Bedg S MoK &b — B B 3016 H i 5 Bedk
LMK LG AR AR 5 4 — AT AT RERIET BB AT 4 K54 5 &k
Al i & AT 5 RIES .

@ 4k BEALIE] K 2% ( PR i K 4R, macro pipelines) : B2 B A BA L i b 3
PLER AT B R, X [6) — BOHE WA A 7T AL 2R, 154> b B AL E U AT S5 i — 4.
3.7 FR Bl — AL BRALI i tE G5 RAF AR P E NG — AN AL A . X —
J& T 5 M B 2 b AL R G5, 6 o £ 8 45 Ak ML 4 R R A AR K o

4. ZERKESELER KL

X2 ¥ MR K R o J2 5 A R [ B R R AT 4K

@O KAER K (linear pipelines) : #i 7K 2R (144 BE R A7 88, B4 R0 1ol % . %0HE i



3.1 JHKKMEARE 55

— N s
BIE | ymp | (ﬁﬁt%ﬁ Jwmpo | - (triem) - - [ —6’%&55&)
—T - — — N

251 f£%2 fE%n

P37 AfKER

i K 2 A5 Bt A B E i — .

@ AL 1 i K £E (nonlinear pipelines) : J/KZ P ER T4 $17 00 & B 40, 8 A L5
[l . [ 3.8 Frm ik ft— N AER YW KL B F B H 4 BEALR, 28 A5t [l B F 22 6 T
Fefdi H v B R S YGH I (INEE 2.3 4 B L miA e B (5 2 Bo) M AT DA Bk . dEZR MR
KW T A SR AL R B R KR . fEAERPE R KL, — A T (] U i 2 A
Aﬂﬂbef']mukfiﬂl PEB AT %, A GBI AT 55 A 2 5 S /T #F A WK & AT 55 & A b
LK B 3R I M AL K Y R B ) R

R I

Y Y Y
[ | 77N\ =— 77N\ | e | f
)\»4 M : ~-(X) -{_51 } ‘—(‘X) - S5 I —@ —| Sy

— — Vm
3.8 (EZEKLEH

5. RFF itk & 5 EL iRtk £k

3X S AR R AT 55 AL A FIUAL B 6Ly A A A ) R 2R AT 2 2K

@ M i 7K £k ( in—order pipelines) : i 7K 26§ B 56 AT 55 7 8 09 0L 5 S A AT
FWMARIUT 584 AR o R — DE S5 E R K& & B &2 — A& — D I0UF i
3.

@ LT ik £k (out—of —order pipelines) : i 7K £& 4 t 35 AF 55 Ut (9 LT 15 i A s
155 WL A M BLURE o] LA TR, i Ja 2F AR K KA AT 55 56 58 B0 OO s O A ), SRR A
TP MK P KR B K .

L H AR 2 AT R R A T WK R AL BRALFR N WK AL B . W R AL BALA
HLA ] B B0 8 7S Fil ) &5t 45 2, A0 bR B 8088 28 47 Mk 40 B8, 40 IBM 360/91, Amdahl
470V/6 Z& FLFR R i i Ab B AL ( scalar pipelining processor) . [i] H % 7K &b B #L ( vector
pipelining processor) W J& 4§ H A7 [o] i B 408 3 75 A o] 5 45 2 O AL B o 1) ok b 2 AL 1)

HRE RN M KBRS S, R #7444 TI ASC,STAR-100, CYBER -205
CRAY-1/] YH-1 %



Ml ik UL 7K 2 P R 1) AR AR AT R kR I L RO

6 W3 WAKHA
3.2 RKLBIMEREIENR
3.2.1 HFHE

#r it % TP ( ThroughPut ) Jit 4§ 78 8L 37 1F [i] P 38 7K 28 T 56 B 14 AT 55 50k s i i 285 2R
) B
i
TA‘
Hodt n AT 55580, TORALFR 58 8 n AT 55 0 A A it i) o 322 3RS T 5 3 7K 48 1 kR d S
A A

1. EREEHEENTRKE

Pl 3.9 JIT /% A 4% B bof (i) 4 A1 25 ) S K 2R I s BT S — 4% b BER MR KR kit
TEES A n AT S AR ST 38— MES A TS, Zad kA S0k ] M i 4 5 7
HCERL) L BES I n=1 AN B B 0] ofr | B A4S B0 B (0] SE B — T 55 o AEX RSO0 F i
IKER 58 B n A JE BEAT 55 T T 25 1 S i 7] Ry

TP = (3.1)

T,= kAt+(n—-1)At = (k+n-1)At (3.2)
2]

Sq 12 s || [am ]
S3 1 2 3 n-1| n
S 1|23 ‘n=1| n
Sirj2]3 n=ljn | 0

. keAt I  n-)-Ar _ Wi

T (*ﬁr Al)
S o " .

Pl 3.9 2% Bernf ] A1 Y 3L K £k 45 P

BRB2)MRARX(3. 1) Bk LLhrEE RN
_ n
TP_(k+n—l)At
X APAE B F B B K AT RN

TP, =lim——" '

S Ckin—1) At At (3.4}



3.2 ok 2k myvERE AT AR 57

AREMN RGN R LR E

TP=k+:*1Tme (3.5)

MR (3.5) Al LUF ), WK SE bR nk R 2N FRORE R, ER 7 58N
{1 B ) A5 S A0 38 5 I KR I BBk A BT K R P AR 8 n A K. RA Y n>>k
o AH TP=TP,, .

2. EEMBEARTEHEEH R AL

MK L 2% BUA I ] A 52 ARSI R OUE v T o 12K 3. 10 (a) BRI
IKEH, S, S, S, 75 BN [ AR Ae, MEAT S, I )R 3Ae, 2 o Ath 5 BEI [E] ) 3 %, i
7K ER Hp K RN ] e 1 A B RR O LK R MO BB B 3. 10 (b) IR K&K i = L,
PR TR 0 5 S 3 78 AR N I 7K B A X — N (1] P R S TR

At

At 3At At
)\’*I S i>i Sz i»i S3 — S -

(a) Mk
B
s 8 e i Y P
S 1 2 3 n
s| | |2 3 | n |
s [ T2 3 I Y S D I R
) éAﬁ | DAy ] i
,
i 7(b)“&§m - >

P 3. 10 75 B[] A8 55 i 96 K 2k B E 45 1
— B, 25 BN ] AN S5 Y IR K 2R 9 SEBR AR RE ROl

n

TP = — (3.6)
E:At<+(n-—l)nmx(At -, At,)

Hoerbr Av 5 @ Berg i) 64 B A BEo 20 B R AR — A K R 58 U — AT 55 B
FHV R ], 265 38 00 58 MR n—1 AT 55 BT AT A 5[]
FEIXFRNGOL B, WK LR I e R AR ko
1

TP, = :
max max(Al],Atz;'",At/‘;) (3 7)

X F P 3.10 FrR 96 R Ak Ry

TP, = (3.8)
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B3R MAKEFA

M (3.6) A (3.7) AT LA, 210 7K 2% 25 B i i ] AR 52 42 AR 26 i 3 K 2 i) B
KR L SRR A S gy I ) e A IR A Bk R, i BUBE AR T B KR B R iX
IS BE— BLAL FATRROIR A, 100 A 2% BOA VR 2 i )2 2 PR 58 ol FHL 201K

fifp DR 3L 7K A S 1) L1 R T R AT AR PR

(1) 405 st B

FEPE 3. 11 o RN S 453 R 3 A F R KBSy, Sa Saeo XHE, BT AR B9 K
A Bi ] 20 Ae, BB Ac B — AR

At At At

At At ! At
N o W o I o B o A o N

B3.11 4n5y B

(2) ERBE M

G SR v T A K 5 Dy TR A D R G 3 70 40 R SSUBE I, AT LA . R A R S 1K A
ORI BRI, A BB BORAT TR RUCH T AR AT 55 o 33 7 ok A e o J 42 1)
B A, I B R i 7 3012 A T R R E R SBE (0 K £k K
s . X H, S, BIFFIIIY S, S;, oS, Z 0] BB E — B S R A%, B AR S i
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(3.16) , 7] 1%

E= (3.19)

S
k
BP K LR ROR R KR SE PR b S S E M R msE k . HA Y
E=1W},S=k,ScBrhn s bk 3 5ok .

A3 15) Wi or B kT 52 g ik s B rp & AN BORA K S 8] 7, B Rl A A6 il
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WARIC A stall, FFR 45 % i+3 AT A BRAEA R — I B . AEXFREOL T, 5 4 4
B i ST AT I BB AR 2 (AR B R 2482 i+3 1Y) o 52 i+3 THEIR B 9 - b
JESAA e FES 8 A Bl 0, 3 /K 26 b B AT 1 2 78 o

i 30

152 % '

1 2 3 4 5 6 7 8 9 10
B4 IF 1D EX | MEM | WB
4 i+l IF D EX | MEM | WB
545 iv2 IF ID EX | MEM | WB
54 i+3 stall IF D EX | MEM | WB
54 ivd IF ID EX | MEM | WB
54 045 IF D EX | MEM

B3.21 [ 3.20 (Y —Fpom gk

H1 b AT, SR T B A5 A b ST 51 A B 45 K 5 e S K R PR RE . T BR i Ah M nh 2
19 75 — R 5 B 2 AR L K R AL BRAL b 2 AR A ST 48 A A7 RS RBOHE A7 B A%, 5k
4t — 1Y Cache 43 i3t 37 /) 5 4 Cache FI% & Cache,

e HoA P AR 15 B0 R , BEAT 4544 vh R pg b BEAL R PE R SRt . A8 4 At
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ZAT WKL BT A S VA A ph R R A AW L RO T s R A .
S K £ v A BT AT D B 58 A WK AL, 8 T S0 L 8 00 B, IR 4 T AR 9l I A
RS L WA e R B o, T T R A R e R T AR VR A () — A S B e — 2
64 R — A B0 | T 507 B2 (0 A7 60 807 SR I A% o IR NG5 48 oh ROF AR W A IR Ak
ATREASELAS A 1 I Bk 45 A v 2 i K ek 1 o A4

(2) Hudis vh

A R4 A SEAE R E T I, B AT TR £ i B A AT S BRI & O A
L/ G BB BT, 22 AN 6 T e AR K 92 BE R B W, 0 A A T s b . R
HORF — T T UG 2 AERR LA I PR

DADD RI, R2, R3

DSUB R4, RI, RS

XOR R6, RI, R7

AND R8, RI, R9

OR  R10, R1, RI1

DADD $5 4> 5 # Fit 45 45 2 #0 % A1 5 DADD $54& fiF B 45 1, & 3. 22 fir .
DADD $84 75 WB Br (%5 5 DI Bh A ) A ¥ 4IRS A% /F4F R1,{H )L DSUB 48
AL ID BL (5 3 ANk p A ) BB AF A7 4 R BEHBUZSE R, IR — 1B nh &
3 A R A i b7 1k X — 1 D0 AR, U DSUB 45 2 B B E AL 2 H5 IR 9. XOR 454t
S BN AP AR EAE SR 4 DR A R B2 At R B IR . 10 OR 45 4 10
A LUIE A IO E AR 6 A ph s 1A 32 R1 4.

T A K SRR M AT AND 5%, 48 X8 FH A A7 SR 4L S R AR 42 HEAE B
I 47 S8 I, FE B A L HEAEJS AR S8 . X FE AND 454 BERE X if 2 5] DADD 454
WIS R ISR . EA T R 38 A 77 4% 41 0 2 HE 9 — 2 1 AR S 2Ok &R #E 1T
32/5 $AF 1 A 1 2K R AN AT R

AR5 5 4 13 U5 1] 055 75 1] B9 WU , T LAKE Sl b 28 0 D 3 R B, S 1 ix s mp
5 H 4 IR UL K R AUOR A 0 U (D P e fi 44 1) o B IE B AR 4R % 0 A, HL i 7R j Z Rk
ALK E, o] RE R A Bl sh RA LAE 3 Rl

* G5kt (Read After Write, RAW) - §§ % j FIBIFE % i BOTHE S50, i HAE ¢
B ARG AR Z AT Lz A7 4, NS 2 MR HE . R UK — Fh g
M BRI T BRG] 3. 22 rh B rh RERR B R R R

o 5J5H % (Write After Write, WAW ) :$5% j FIHE 2 i 45 R8T (A7 4725 8047
il &% H.00) AR, 00 EL j 78« 5 A Z AL Se X BT HEAT T 5 ABRE , A IRT S 805 AR



# 3T MKAHAR
Hﬁﬂ(ﬁ%‘ﬂ*}ﬁl) - —

DADDRI, R, Rsmﬂﬂ jD

et |
=P .
DSUB R4, R1, RS v | ljg_RE e @— Reg

XOR R6, RI1, R7 v |

AND RS, RI, R9 ™ %
ORRI0, R1, RIl -

Pl 3.22 A KR 00 B a2 2 )

L

]
[ ]

)

3 irn:v?
=

nIv \E
-

.

L.Tl
rt
® |

—

PR DR . X B AESS R ICr B R 0L S AR, AN IE B A o 3 i 2 6 N T
G

55 th R ALK EAE IR RKER D KR P AN kA Benl DAEAT S A s sl
YIGHTHE AR A, R LS SR S AR SR AT UE . BT S B K TR
WB BIGHfrde JTUASRAG RS . 5 4 5eph /e 430 WKL i 48 2 Iy
KA BT REA R X RS T

o )55 pgE (Write After Read ,\WAR) 454 j IG5 R ICHIFE S @ 00 IR 1 H0p
JCHATE) 1T H. j 76 @ WO ROCZ B e Xt Z AT 15 e, S 80 BB i fE S R iR
o X AP P RE W ARG . BEHE PRAERTIR 5 B K& Hh A2k, WA
P LK £ ob B BT A BE 4R AT (A2 1D BO) ARAE S S5 R4 (£ WB Bt) Z i AL . X A
R ALK OL T A7 2648 4 105 45 R ERVE SR AT 1, 0 A7 2648 & 10 B #8215
T AL BEN Y T OB 4 BRSSO E A 4D .

@ 38 3o 5 0] B AU D B v 5 5] A ) 45 4

B an P 3. 22w BiR (95 5 B8 e R ?‘JT%ﬁE?"AF?FUH’JIEEﬁﬁLﬁ,“ﬁ”ﬁ
B AL BT IE BT IRUK ER P DADD Z 05 BT A 45 %, HLE] DADD 454 65 45 R
AL R Z LS 48 2 4k g hutr .

H T WS [B], w] LLSR ] — B Bk A i (0] (forwarding, 0 B Ay 55 B ml i ) (1)
BEARR SR PR G S BE pPR o 1] B Y O B S AR AR R AR 4R A (Il 3. 22 TR 11
DADD $§4) /A T H 845 R 2Z 0T, HoAth 48 4 (4l 3.22 7R 9 DSUB F1 XOR 454 ) Jf
AN FLIE ST BV SO A A W R R A KE O T B A L A i Ty (EX BERI MEM
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B2 [ B WK 2RA7 4% ) B8k B A 45 4 EE ey (ALU @ A 0) I8 2 58 ] LA kE
AR . R LSRR Ok S B 1]

o EX Bifl MEM B2 [u] i) 3 /K 25 A7 & th AR A7 1 ALU Jz 545 2R &2 0l 2% #1) ALU
AT,

o U [ B G I B AT — S ALU S8 85 45 5 A M A7 48 02 4T ALU B4R R IR
PFAE AR, I8 245 ] 22 k06 56 2 1) 0 SO 4 S ALU B A T AS SR DA T 25 A7 28
RPN 0L

P 3.22 3R W], UK 2k b (9 4 4 T B 01438 5 A 1] 3% R A 45 SR R REAS (U2 Al —
AR W RAE A A AT vl BB B S A AR AR S M AE R . B3.23 R
TOE M BEANG FIR G A TR A0, R K FF A 4% 2 0 BB A 1 % 4 R 1) AR
e R B WL o IRAE AP S e L ] 3. 23 IR PR T GBS

Ibf Ja) (Bt 1 30 - —

5 6

L — -1
DADD R B2, 15 1] ER—QD %) E@

| B ;

DSUBR4, R1, RS M | ; ‘ i Reg | 1 \T 11 DMI{ Reg
ﬁ =t -

XOR R6, R1, R7 W l Rng "% »F pMm|-

| ==l

|
Al

15 —
AND RS, R1, R9 : ™ | 'Re H > |
L.i |_7 E
]
ORRI0, RI, RIl l: "Reg lf

1%l 3.23 SR s 1o AR i 4 I K £ B0 T e

b 3 G i B A T DA B B R D0 < o 4 2R B DA 7 A o b A 3% B
JIr Ay s BEE R DI RE R AT o Uit 3, 45 B AS (0T LU SE — 2 e 4 1 iy o 2 1 )
HA Bk A 38 v] LU [ 3 A D RE MR AR B A . BT RIE 2751

DSUB  RI1,R2,R3
LD R5,0(R1)
SD R5,12(R1)

X3 ARAE S Z AR AR ph R o O TR e b g, nT LR I 3. 24 fF R
R[], AL R N ALU (9% th 51 ALU ) 8 A TR 52 1) BOCBSCHE 76 25 5 HH o 1) ALU 59 52 i) LA



74 F3e mAKEHEAR

T WA 1705 245 i L s 390 000 77k 88 i AL o o4 5 1) (R /K AP A7 4% ) o

i ] (B 2 & 301 - - — =
1 2 4 5 6
DSUBRI, R2, R3 | IM | | | Reg| ﬂ E K iDM—’ *l Eeg:
L [_)l\: ) -
‘ L A sk |
LDRS, O(RI) ‘M| H Rgi E % ]\‘J * A\ Eegj
=1 ¢ \ ‘ :
My i 3
SDR5, 12(R1) ™M [ rR;gJ ]% DM D

E 3.24 WL E I AR

I 0T 98 1 A o] AR R 1 B2 A A T B RO b R S A (HUE OF A BT AT Y
Bt nh 50 AT U € [l BER R k. B 18R RS P41

LD RI1,0(R2)

DADD  R4,RI,R5

AND R6,R1,R7

XOR R8,R1,R9

F3.25 hagy AR T 5 A K 28 b BRAT I BT A R T AR . AR A LD
52 5| AND f5% H’Jxeﬁiiiﬁlrﬂ%l XOR #& 4> i 68 M i FH & 77 # 41 K45 88 4 80, (A
LD $54 %] DADD $54 (5@ [ H G S0 B . LD 5 2228158 4 ud P 8 WK B A K 5L
i MAF-Aitg g b i3e L 1 DADD 484 4258 4 A~ I J5 301 0% O B 0 05 B 80 1. Ir A
li1] % AR A BBl i B vh %E

ARAE F R R A 7 S AR LK 2k o 1 IR R AT, W B — D FR O K 2R 5L
" (pipeline interlock ) () SN REFRAF . — MK U, UL /K £ BB HIL 1 6% 1 T2 4 ) % B K
P v 28 I K S A, B A s R R . 45 A M SF A R O BRI AR A T IR B AH B
()46 2 77 A RS 1k o A5 TR R K 2R b Al RO, A RS A A 1 CPT RS
A R B RSB, Al 3. 26 TR

& 3. 27 & bR 5 I AR S 0 0 K 2 i s B G B A 45 R — A Bl
PR T B4 B 4 2 (19 CPT S 1 — A B 5 30, 4 A 45 2 13 5 SR AT RS Tl 85 m 17— 4>
W TR 4 IR R B K 2T I B4R A E S 6 R i R A 4R A e .
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i (i (Bt 0 L SBT) - - — ——
1 2 3 4 5 6
o] | |l || ) || o o
LDRI, O(R2) | IM 1 ‘Reg | & s o
L | |
) ied
— | - A =y
DADD R4, RI, RS M || (R rl {\[ 7| DM —| Reg !
[ IM [ | iReg| = | J 3
L] L L
R
w et TESHM
ANDR6, RI, R7 M | J‘Sﬂ i DM |-
L]
Y
\ L ERe H Z
XORRS, RI, R9 | IM ,_g.g) _J £ D
[€3.25 JouH LD 54 045 R m 3] DADD 454
I O P J00) - - —
1 2 3 4 5 6
A= M — .
I [ i eg |
LDRI, 0R2) | IM | | | Reg| U | I 7 DMf, [g.
DADD R4, RI. RS ‘ [@ | Reg I R E
_J L] -
& ¥ ™
R l ‘ !’
AND R6, RI, R7 ﬂ& ; R R%]
L L ﬁ
XORRS, RI, R9 K B Reg =
el 3.26 /KSR HBAIL A 4T A AL S I AT o R
LD RI,0(R2) IF D EX | MEM | WB
DADD R4,R1,RS IF D EX | MEM | WB
AND R6,R1,R7 IF D EX | MEM | WB
XOR R8,R1,R9 IF D EX | MEM WB
LD RI1,0(R2) ¥ D EX | MEM | WB
DADD R4,RI,R5 IF D stall EX | MEM | WB
AND R6,R1,R7 IF stall ID EX | MEM | WB
XOR R8,R1,R9 stall IF D EX | MEM | WB

Pl 327 dfi AR USRI IO K 2R 75 T




76

F3 o MKAELEAR

@ e G e 8 R

Y WA S G I T S T B A i DR £ B e, AT LA o o 2 PR I L G
T AL 4L A I R T B o %€, 33X R B2 AR B R 4 4 U8 BE T (dnstruction scheduling ) 5%
“Wi KL BE " ( pipeline scheduling) o SEFR b, X T % Ff o R A AT 0] e 45 2 0 K

fige ke .

1, R FH R A AR A B i R GRS A =B+C gEAT AL BS , AT LIRS B A A 3. 28
FE IR EE A TF 5 o AP bl LLAE Y, 6 5TAE DADD 45 4 i AT 3 B b 4 A — 45

9 399 A REORUE & T F ) C DR E A 11

B4 1 UL i o A A
A = B+C;
D = E-F;
VA JSE i A JEE I i 45 4 JF Ak 3.1 Tk, X HL, DADD Ra,Rb,Re 45 LD Re, C
Z A7 e oh %€ ,DSUB Rd,Re ,Rf 55 LD Rf,F Z A W2 a0k, K 7 HRUE 7 K 2K IE
AT I BE T 1 2 17 81, AL 4 4 (9 PP T 1k 5 o 4k AL 45 00 300 i AE 9 BE S 1
&2 P8, KT DADD Fl DSUB 48 % 5 LD 5 & A9 BE &5 o il i R 1 A& 1) o] LA 7 Bk
Bl g DR AN 6 £ BRAT 2o e o i AT fof 455 ] 40

LD Rb,B IF D EX MEM | WB

LD Re,C 3 D EX MEM | WB

DADD Ra,Rb,Re IF D stall EX MEM | WB

SD  Ra,A IF stall D EX MEM | WB
[¥l3.28 A =B+C (1452 )7 5 S SLoi A w25 &

£3.1 FAEANENESFES

VR E i 1) AR I 2 I A AS
LD Rb.B LD Rb,B
LD Re.C LD Re,C
DADD Ra,Rb,Re LD Re ,E
SD Ra, A DADD Ra,Rb,Re
LD Re E LD Rf,F
LD RI,F SD Ra,A
DSUB Rd,Re,Rf DSUB Rd,Re,Rf
SD Rd,D SD Rd,D
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(3) &l vh2

FEF K 2R v, 5 w2 vT BB 2 LU B i 28 R 25 B PERE AL 2R , i LA [ A i 445 21
RAFAIAL TR, BRAT o S48 2 M B A PR . —Rb 40 3 BB, PC (H S O o (e B
) A btk 5 55— Rl 43 S R B B R KT X PCRR(EL DR 3R IE b 0 i )
WBUF B T — 2484 o X o3 SCAR A N ™ IR LR UL, 2 7 2% 1R 40 S LG RS st ik 3 5340
SEMUG A B PC A, X1 3.3.1 /Nty 5 Beiii K ok e, 0% PC B2 7E MEM B
AT

Ab B Gy SR 4 B (] LI Jr A URES T (freeze) (3 “HEAS” (flush) K £k, Bl —H
FE T K £ i S B 1D G I 2 73 S48 %, s B 45 AT LS B Ir A 48 2, LB 43 S04 2 3
BB MEM Bt 2 o 5 s F 50 B i PC (B R 1k o A0SR 2 SRS, W 4% BT (1 PC
I 4, I 3.29 Fis . fEXFMAEL T, 20 AR WMWK R T 3 4w 5 3
ER o X RNIT WA AL T LR A

70 i T A BOR 8 b 23 3R 4 51 A9 ZE B #5473 SCREIR (branch delay) .

A RO IF ID EX MEM | WB
4337 A AR4E 4 IF stall stall IF D EX | MEM WB
4 X HbRE A +1 IF D EX MEM | WB
4y 3L HbRdR 2 +2 IF D EX MEM
o 3 HAREE 4 +3 IF D EX

P 3.29  fA] 4k BROF SRR 4 o SR I BL

P 3.30 s & o SR By I 2 B . T BAE Y R XA B0, 20 S0 AR — 4%
R CRIEMBU TR IF BB 0% . b, KRS FWA R —Fh I 3% £
e TR T V8 G AT 58 40 ) FH K — 2 SR 0 K S AL B A0 ST A S I P RE

Iy IAES IF | D EX MEM | WB
5y G kA 4 IF stall stall IF D EX | MEM WB
o %G Ak A +1 IF D EX MEM | WB
5y 3G AREE A +2 IF D EX MEM
53 S5 Ak HE 443 \ IF D | EX

[€]3.30 ]S4k B A) SR 4« 4 SR U A L

3 3R AE HARAURS b BRA A SE 2 ARG ST S SRR, B 3 ~ 4 RIS



HI3RE ALK

SRR AR A L B AR A BB B R 30% , KR FEAR M CPT O 1R AFE L
WAy SHEIR Hy 3 AN B AR LR, WK R SE R CPT 2y 1.9, i ok 4 1 fiE 46 2K J2
YK B ARRAR 43 S B R X F R KR KK ERE O HEEK,
R4 SCHER AT R AT i
o FEW KL R R A R R B R .
o SRR H 4y 3 HARHAE .
13X 8 o it () SR B — AN T o BRI h LA O A R e A B T LA B A 3
Hirsoht G A GESEATH . £ Fr i d, RIRX WP TEHKE 2 1D B 5l
(3. 4. 2/N VKA A AT AR B X — ), BIAr 3248 4 = AE 1D B oK B $AT 58 L, T oK
B 43 2 HE 3R S — A R 4
WAy AR AL, Tl R4 4% 3 foudE o R (9IRS ) kAL B 7
Vo BE AR A T AES 4 BErhihig, X3 M EA— /\#eﬂmﬁt& fon
RENTR 5 LW B T A RBRF PATE R P IR A RAER , 2B SH. EIZE4
T 43 2 R, A S T 3 S
@© Bl 43 32k
MAE PRAD B ID Kl B 43 45 A B, i SR K A 23 5 T R B 4 S B AR AT
AR R — 4k AR PR IS 25 A AT LR R A AR A R AL B PE A . TN A B Rk
P& 05 W0 53 SO SRR W 43 SR, AN SR TR —Ff, B AT LA GE 3 g5 4 Ok 1 AL Tk
fig, B LE AR b g5 i PRAT 1Y I A 5 BT 2 10 Y 75 1) — B
T 43 32 5 WU 5 05 R U R A 4 S Ak Sk A AR A B AR K KRR TR AR A
Yk AE P K ZR P 8, SR AF AR AT A FB B R AU o 2 8 S S Ok O, R 4 T LAKE 43
HHEAF R — &G WA, WKL IE R R ah, & 3.31(a) Bis ; M8 & 4 3 R i
WKL SR AE 53 3L H6 2 Z S5 U ) BT A 45 2 Fe 4 o = $24F , FF 4% 70 3 H Fn st ik 3258 B
WAPAT, A 3.31(b) FimR.
SR I R 7 s Ab B Ay 3248 A 1 5 B2 4R A i, BEAR R 43 3 45 R Ok 22 i AS B i AR
BEALAIR A, DAE — EUAS % ik Ak AL RE 4% (o138 5 )R 7 AR A&

Y XARA i IF ID | EX |MEM| WB
vis &4 i+l IF ID | EX |MEM| WB
< 84 i+2 IF | ID | EX |MEM| WB
; $54 i+3 IF | ID | EX |MEM| WB
184 i+ IF ID | EX |MEM| WB

(a) 4% KM
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Gy ARA 0 IF ID | EX |MEM| WB
yix B4 i+l IF | idle | idle | idle | idle
X or X BbR$E 4 IF | ID | EX |MEM| WB
i 4y 3 Hbrde 2 +1 IF ID | EX |[MEM| WB
S H AR TS 4 +2 IF | ID | EX [MEM| WB
(b) 43 383N

3,31 SR FTHUIN 53 32K WO 14 1 R 7K 2kt =5

@ W 43 32 W

X TR TT AR 5y SO B R BT AL B . YK ID B B o X 48 A ), — Bt
BT 43 3 H bRk, 8T 88 A% B bR ik B 2 AT .

TEHR 5 Bk &b, I R W7 43 3002 75 B PN 45 43 32 H b b ik 31 80 2 £ ] — K
BE5E U, BT LA X B0 2 R Uk A K 2 14 43 S RE IR WA AR Al d Ak o i A LAt — 22 3
IKER AL AL A AR 1) IR 2 LA B B i B AR R A B A 3 A R (IR T B ) A R K
LR AL FRALR , TR 2 43 SO 75 B Z Wik B A% 3 4 Y H AR ko 3 B SR FH X R O i
{6 AT LA 2D 4 3 HE SR

@ %ER 4y % (delayed branch)

B — AR . A SOR T IR EEHMF AT XA S AR EIX m %
TR BB R IR . W PR

o %

B WUF G k5% 1)

FE R A m (T G 4454 m)
ANE G IR AR BT RAT B R P 8 4 . HE R 43 3 B A Sk 0 e A
THOL T AT 2 R I 3.32 fif s,

AR B
T JF Jis 2 1 1 (GER A 1) Wi JF J 4 45 41 (JER 1 1)
T3 i 2 417 m (ZE IR m) M7 I 4 45 S m (TR A m)
53 H bR & Gy J 4k 46 4 m+1
OF 3 HARHE 4 +1 BT I 4 46 4 m+2

(a) J3 3T 5L (b) 23 322K Wi 1 5L

Bl 3.32  ZE R 43 32k 3 A5 ) R A



80 W3 kA

0] LA SE R 3 SR L  FH AE AR R v () 4 A R HE 5 o SCIER

16 R JHAE R 73 S 2 bR PSR AL rp 4 K ZBOE R —4 . EXFE LT L RKE
MPRAT R B an P 3.33 fras . ATLAA , R84 LR e 2 2 A M, mk&d
SR AT B 3 I E IR 43 S0 U 1k AR AR 4 b Y BR 4 S RER

S AES IF | ID | EX |MEM| WB
or R AR A i+ IF ID | EX |MEM| WB
"< 154 i+2 IF ID | EX |MEM| WB
usz 54 143 IF | ID | EX |MEM| WB
154 i+d IF ID | EX |[MEM| WB
S AEA IF | ID | EX |[MEM| WB
5t IR MR A i+ IF ID | EX |MEM| WB
% X HbRIES IF ID | EX |[MEM| WB
3: Sy HARIE S j+1 IF ID | EX |MEM| WB
gy S HARIE A j+2 IF ID | EX |[MEM| WB

[ 3.33  #ER A AT AL

E PR TR KE SRR H AR 4 2 ol S PR AR SE BN o 2B b SR 43 STRE A A R AT A 52 4
J R T 44 1 48 BE TR AE AT 945 2 VB B GE SR Al o i oo — Fh 4R A T BE R AR . W I
P SE Jo AT 3 B AT I BE L H AR Ak 18 B2 5 DR 4k 9 B, n ] 3. 34 BT, Hoh, I
T £ AR 2 80 52 A ), o o AR i 1A S

Pl 3.34 (a) K n 1Y S PRI BE , B R ACAL T 90 SCHE 2 Z AT I — 26 207 45 2 B 31 4
ISRE ST AR 9 R e S P 3. 34 (b) Bk IE 3,34 (¢) BRI i k. fE
3.34(b) M 3.34 () MG 2 P8, i T2 346 2 2 A R K2 i, it LA K B
P R BME ) DADD 54 J8 BE I GE R M . 18] 3. 34 (b) R MM H AR &b %, & 2
8 H bR AR 36 2 S B GERRY . 2 B LU S, AR R 048 2 R 5 2%, 2 o MUY
HEAE T AL AT B4R S o W E UL, I B O SR A W H AR s ik, 4
3.34(b) P YHT K BR o AN H ARAR IE BESE PR E RSN T 43 SO . BT LA S 4 SR
DR L AN PR RS ) ISR JTD 3K R v LA 0 5 5 00, SR P A 2 U0 A 38 3% Lt 482 4
(e 3.34 Ce) Fls ) o i ETE R AL, 5 00 45 52 i, B4R 18] 3.34(b) FE 3.34(c)
Hh iR T 0 A R RS B BT S 22 e R T Y IR A (AR 3K i E R A e i 4 A
L) .
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| DADD R1.R2.R3 | DSUBR4,R5.R6 ‘ DADD R1,R2,R3
| en | ifRI=Othen
| bt DADD R1.R2R3 | =

| ERE if R1=0 th | R
1 | ol \ R ~ihen - , DSUB R4,R5.R6
. _ | ERE | o
i - B — - - e — =

\
Y . ' — — ‘
‘ DSUB R4,R5,Rf> { DADD R1,R2,R3

| if R2=0 then — if RI=0 then ——
| ‘

e | DADDRIR2.R3 1 '

' DADD R1,R2,R3 | , \

| - ! if R1=0 then | i DSUBR4RSR6 | |

= | ['DSUBR4R5R6| | | ‘f
|

() MAij i (b) M H brAb i HE () WA WA i HE
Pel 334 RS SCHR A1 3 R TS ik

[ 3R 5 52 3 9 15 16 A B, — T A ] DA A B SRR v ) 4 A B ALt 1 2R
P o — 7 1 4 PR 2 U 3 SR RS O I U RE Ty o O 1 B R G R A A IR A PO A A
a4 mte )y 2 A BRI T 4 SCBUH (canceling 5% nullifying) HL# . 75X FpLE|
OF AR BT 7RI A3 SCARAT T 1) 0 25 r SR SEPRERAT 1] AL S T B0 £ — B i 4R
FT 03 3CHE LA P i 45 4, 75 WK 23 SCIE B A b ) 45 2 B Al — 25 841 . 181 3.35 45 i
T 43 SR NG BT L 43 SO AL AE 53 SOBLE FLR IBOM R O T R T L

Oy HARA (R IF ID | EX |MEM| WB
5r IR MG i+ ] IF | idle | idle | idle | idle
fz 64 i+2 IF ID | EX |MEM | WB
g E4 i+3 IF | ID | EX |[MEM| WB
LA (44 IF | ID | EX |MEM| WB
SRS TORED) [F | ID | EX |MEM| WB
Vi FISIAY | iRty IF ID | EX | MEM | WB
)!‘ 43 3 H #r IF ID | EX |MEM| WB
J;: IF S R+l IF ID | EX |MEM| WB
5% H bR+2 IF ID | EX |[MEM| WB

Pl 3.35 Ui 53 SO B0 T, 23 SIS AL A P07 T4 2t



82

3.4

3.4.1

FIFE MAKEHEA

FOKEHISEEL

B3NN HEG I T AR S Bl KR MG K, 7E ARG b, AR ok — 20
TF RN B E WKL BRI . X B IHR fe 4y AR mik r U P RSB, R
fa PSR WK T T RSB, X B2 AT MIPS 48 & AR A6 T

MIPS f)—Fh i LI

Pl 3.36 45t T SC B MIPS 5 4 58 (19— Fh 1] SR RCHA 30 I o 12 550008 5 9 1 B 1 4 A
5 A~ R B BUER A HE AR/ SR A AF AR AT/ A Uk T FEAE AR VT I/ 4y 358
FRAE ], R R SRR A 1 SE B, AL R BHE 7 19 load Fil store 55 F 0 B RS BB
ALU 1545 .

154 R/ ®F7/ ERBHA | mm
R RAUE | wmmkin | i N

B ) - ?

Tax el

LI T ,F%T G .‘ '

w] Lal ” —0 L E—
%
|| wma t »' |

’ﬁ ”ﬁﬁﬁs *L’ ' —l %o | E”
— S #ﬁg S N

(s Y
% S R
s
|
|

[ 3.36 S MIPS Hi3 4 i) — Fi o] 20 80 48 2%

K 3.36 i E TG A ey . HAERHWT .
NPC——FFJU T — 4452 W otk
R0 IE FEAL PG48 4 o
A—5 — BRAVERCE A48 A7 O3 FH 27 77 25 4L 12 R i 3R 1B
B——58 "R BCAT A AR A O FH A AF 2R A B SR B9 55 — R %
Imm——FF A 54 R J5 1) S BB A 5
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cond RIS e s SR, R B RIR 4 R o
ALUo TE ALU Wiz Bgs 5,

LMD——77 i load $554 M AF 4% 33 H i B8

FEZ BRI B LR AL 5 DI B R ISR RESE L — &k MIPS #8%, BRI T .

1. < EH# (IF)

IR«—Mem|[ PC]

NPC+—PC+4

VLH AR PC 48 7R (1 dth ik A7 i 455 o U 48 2 0F I HE 2 FF A7 4% IR R if PC
I 4CEKAES N 4 B) REIUF T — K462 XA T — 512 Hsk BHOA I w27 47
3 NPC,

2. ELIFEH/EFHFREFH(ID)

A< Regs[ s ]

B«—Regs|[ t]

Imm«( (IR) “##IR( ;)

e H X2 AT RS, JE LAFE 2 i rs A ot B (AN 2.8 Fir R ) /R Ry ik s ]
A A7 AR L AT B E RO A I i A7 2% A F1 B, [ B IR B94K 16 (L E17 75 5
iy & ARG AFEA Tmm,

162 W R A E M a7 A7 Sr BRI AT REAT IO o Z BT AT DL AE , 2 IR O £ MIPS
fa 2w  BRAEAD B LA B vs vt T BOAR R AE B E AL B . X AR BIARFR O [l g T B
" (fixed—field decoding) £ AR o {H 15 1F & A2 , 1X B 32 t A9 BAE 804 5 1 OF A — 78
B HR XA A BB A AR (R IR AR B AR RE R, X AR ZK
TR B BT V2 3l SRR ), Y R B e A S R AR T RE A

J3 40, BT SL BVECEE T A7 MIPS 484 w47 B2 AH [ B9, B I 7 5 L 48— xof L k47
Sy, MELET — A . SR WITFA 22 A2 BN H i a0
A, B HIT T A 4 0 B o

3. BUIT/AR ML E AR (EX)

FEIX AN, ALU XEAE AT — > R M s i i AR B AT i | . A R4S 4 Bir 17 19
BAEATE

(1) fFfdias s ml 46 2

ALUo«—A + Imm

UL ALU R 82 4E SO T BUAT ROm ik , 77 Al i F 77 4% ALUo,

(2) FFAfFas—a7 748 ALU 454

ALUo«—A func B

UL ALU AR 4 func “FBL (WA 2. 8 fiR ) 45 H B VE 2 UXT A A1 B o i 2504 0
Fis B, T He 45 R A7 N I 25 A7 4% ALUo.
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) A7 BIE ALU 45 %

ALUo«—A op Imm

BT ALU AR B2 105 op 4 HH AU4RVE S AUXT A I Tmm op (R BOHE E 473258, OF ¥ 45
RAFA MG 2747 8 ALUo, %o BVEEE | — I C AT TS A8 &

(4) 7> 484

ALUo«-NPC+(Imm<<2) ;

cond«—(A = =0)

UEE : ALU K1l B 25 /7 2% NPC A Imm o (9 B0 ( A2 B BEALJE ) AN, 453 2 5% 76 H AR i
HuhkAEA ALUo, [W]iF, Xf 21T — A 01 A B 5 A7 4% A B ELHETT 20 08T, DR E 4 SR
W . AR RLR L X IR Rl 4k 5, B BEQZ (Branch if EQual Zero) . | I i) 45
RAF N A7 4% cond  PELURS (A

3K HUAE A7 204t il 31 SRS IR PRAT 5 0 D — Ak B R B X 2 R O MITPS 48 %
BRI load/ store 2548, B AT (LA 45 2> 1 B2 [w] I BE AT RO A Rt bk i 7138 76 8% H b
Bk B9 TR A B AT IE T BR O AR A i AT — S AR RE Bk R A L e S
SRR A ML, X AN AR

4. FHESR AR/ XM EAH (MEM)

JIr A7 46 4 #B S A R R X PC R AT H . BR T 4 SR A, I 4R A AR
PC—NPC,

TEZ A Y AL PR B MIPS 45 AT load \store F1433Z 3 R84, T 43 i+ it

(1) fF6a i) 45 2

LMD<«—Mem[ ALUo |
i & Mem[ ALUo | «B

YL A7 4r U5 R 452 4075 load Fl store, IR JZ load 54, s MAZ G &5 1 132 i AH
IVL BB , BOA I B 25 47 2% LMD 5 41 2R 2 store 454, 54 B H IS AFHEAE. M
Rl 60 T 23] ALUo wp B N A sk, & = AE E— A e &84 7.

(2) sy 464

if(cond) PC «—ALUo else PC«NPC

BEHT AR cond RN RS BT R WL RS L) 48 ALUo i) 588 H A5 i Bk i A
PC H1,

5. SEEAM(WB)

A TR 4 4 AE S ] BB 58 U AR d AR —FF .

(1) FFAFa8 27748 ALU §54

Regs[ rd |« ALUo

(2) FFAFas— L EIE ALU 454

Regs[ rt |« ALUo
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3.4 KLy LB 85

(3) load §§%

Regs[ rt ]« LMD

BLH . R AR 2 R4 RS A T AF A8 4L . XS5 R AT RE R ALU B3H R 451
(ALUo ity %) , nl B oK [ A7t 4% (LMD PN ) o B AR B AR 7 4 B 15 2
H rd e B L HAAOR IR R RS ULE .

FE ] 3.36 v, S [] 454 SR 22 1) % A A7 6 B G, T ORAF X 0 48 2 B9 PRA T 45
Rk # A bR W A LA R B A R b, PC Gl A A AR AL A
2 LTS TEHR 2 Z AR AE 45 3 | 1 I 1 ¥ A7 4% IR (NPC A (B Imm ,cond ,ALUo FI LMD
W) 2 AE B AR AR 2 B A T L R R AR AT R RIS R

TEE 3.36 Hh, QiR 48 IF I ik 4 5 EX BB ALU & JF, I W — 4
ALU, JFE SR 2 A7 8% 5 B A R 2% B 0F h — N3 28 8 — DN E g ok i
. fHIE 3.36 )y 5 EAE T 5 1 s iR KR S

FEFE 3.36 FiR iy Jr &b CPL 2y S, & tiF 24, 2R s b — SRl i 27 7 2%, ik
T 247 2 e — B A I B i S PN 58 G, CPT R AT LA 9 1o AN, 3 i g ek 4 i 1
I (0] &0 AT G4 G bk 22 ] 300 S5 B A sl e e ST I R B S A%, PROR B AR 4R 2 I AT AR
o FR AT B RE A . SR AE S B SRATE B BE L BGEHR AL . BT LI &
Sl i A7 g (R TR - A SRR S B R, FE R

@ XF F R ZH CPU e i3 84 5] 391 5 BLARCRARAR , B4 A R i 48 2 i o ¢ 11 8 4
22 AR >4 K, DAL T T oy R e e ] 40 s ] s KRR —

@ fpJ) 4 52 B e o T R R RS T RE R (B N SEBE PC 4 @ik 28 ) i fE
Z JAHI SE B 7 S8 b X Se R 2 AT AL E Y o

E &) MIPS ifi 7k &

e FRSEBLIr Z b, 4B BE— I S R 301 58 K AR U K R — B IR A 5
Z O R K SE B K B R I AT R A — S i 8 N SR G, A B R 38 0 Bl
— SR BRI B i B 3. 37 R .

X FEHET T T A,

(1) &HE KA

fEB S B Z M B T KA A% . K 25 £F 48 B9 45 FR 1 0 AH <8 10 R 4~ B i) 44 B PF
A B, 1D Bty EX Bz b i K 2 fr g ID/EX R, HAR KM . Lhr b, 5
AWK FAEER R A T TR, X FARNm IR y”, &7
B AL y[s]7 o x HRKFAE AR,y NEERFHBRLIR, s HFBAH
Fro B, ID/EX. IR KR K 247 4% ID/EX i) X774 IR, ID/EX. IR[ op | /%1%
A AR op FEC(EMERAEM FBL) .

WK A fEas A LU AE R
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|| ®O py EXMEM MEME
4—{ L DX ||
| eHEl-B-— & a3
ga = &l - HE
] R | |
| IR[rt] ]% . k E \
i e k4 LY LS
"’ #ﬁgﬁ I ’H MEM/WB.IR g . E o WiE ) z
18] B0 R
| i{i B \ZE,W"— ﬁ*#‘ — &}
YD =
—>| _ m —_—

O K& B TAERT EEMNASEMTH]. RKTFFEHFEAEMES AN, X
MAEHEE,

@ 1RAFHR B A BEZE R . B0, EX/MEM. ALUo {77 EX Bf ALU (35 B 45 58,
MEM/WB. LMD {47 MEM Bt M\ ¥ 77 it 25 152 ) 9 B0 o

@ 111 5 & 33 o ks B B A B0 s 4 I 5 B . Bilin , EX/MEM. B {4 3% ID/MEM.
B [ 25 (7€ 1D B il FH A7 fr e i ) L fiE 75 MEM BB A fFf e ik {8 i . MEM/WB.
ALUo f£3% EX/MEM. ALUo f 25, it 7F WB B 5 A ZF {2 28 0f {# i, ID/EX. IR (EX/
MEM. IR MEM/WB. IR [i] 5 f£i£ 1§ 2 F M LGB . BEERSER KK PR sh, B
BHARAMBEmEGE RSN SE e — B (EHlad ). MR, kst
B, ARFE R ERANEENGE, EFAETFENRFER

WURAE PC L F LA IF BEE K 577 a% , I8 4 BB A — AWK FfE4s , BT
TR K B T T, 4R RS A AR I BT B L T A B A S S .

(2) H&hn 71 )5t TR F1 A MEM/WB. IR [8]3% F 38 FH 25 77 48 41 10 i 1

Y%A ID B B EX Beit, B 45 4 2 3F A ID B, sl IF/ID iy N %,
Bt AR 4 A S B R % 15 4 Wi sh 3] ID/EX. IR, K4, J5 75 2 2 i 15
25 BEK K5 %34, H 3 MEM/WB. IR, H () H 47 27 47 8% o ik 12135 23 H 27 17 2%
W, HFEBEG RS R FAAS . SEPRE L BR T A58 IR Z 46, R 1 Hofth— st
BE o fL b i e WL IE 3.37,

(3) ¥ PC B EAE 3 IF B, LUE PC BB K B 4, A BUT — 4546 2 Ui i 4%

AT VRAN TR KRG T ARSI, W5 B HGE A R S S — N K BT A 4
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FEBIERAE , N3 3.2 BF/R . £E IF BOAN ID B, i 46 2 MR VE AR — 4, N EX BOF IR A X
AR RFES ., X IR[rs] 248 IR 55 6 ALEI5E 10 £, B IR, o;IR[rt] 248 IR, 53
IR[rd]%TE‘ IRI!S..ZOO

3.2 MIPS KKK TN MARRIRE

WAKB Fi A 484
IF/ID. IR « Mem[ PC] ;
IF IF/ID. NPC,PC « (if(( EX/MEM.IR[ op] == branch )& EX/MEM. cond)
| EX/MEM. ALUo} else { PC+4});
ID/EX. A < Regs[ IF/ID.IR[rs] ] ;ID/EX. B « Regs[ IF/ID. IR[rt] ];
D ID/EX. NPC « IF/ID. NPC;ID/EX. IR « 1F/ID.IR;
ID/EX. Imm « (IF/ID. IR, ) "##IF/ID. IR, 4 ;
ALU 54 load/store $§ 4> NS
EX/MEM.IR « ID/
EX/MEM. IR « ID/EX.IR; B IR
EX/MEM. ALUo «— EX/MEM. IR «— ID/EX.IR; U
EX/MEM. ALUo «
ID/EX. A func ID/EX. B EX/MEM. ALUo «
EX ID/EX. NPC + ID/
5% ID/EX. A + ID/EX. Imm;
EX. Imm<<2;
EX/MEM. ALUo «— EX/MEM. B«—ID/EX. B;
EX/MEM. cond «
ID/EX. A op ID/EX. Imm;
(ID/EX. A ==0);
MEM/WB. IR «— EX/MEM. IR;
MEM/WB. LMD «
MEM/WBIR«+—EX/MEM. IR ;
Mem[ EX/MEM. ALUo] ;
MEM MEM/WB. ALUo «— "
EX/MEM. ALUo; -
Mem[ EX/MEM. ALUo ] «
EX/MEM. B;
Regs[ MEM/WB. IR[rd] ] «
MEM/WB. ALUo;
Regs[ MEM/WB. IR[rt]] «
WB %

Regs[ MEM/WB. IR[rt] ] «+
MEM/WB. ALUo;

MEM/WB. LMD ;

AT K LR AR, Z0 R T 2 1 3. 37 iy 4 AN ZERAR .
@ MUX2: 7 ID/EX. IR B #8 & 2 43 346 4, W 3% ¥ b @ 38 4 % A (ID/EX.

NPC) , 75 W% 4 F A4~ (ID/EX. A)

@ MUX3.%7 ID/EX. IR H {4 & R A7 - A a2 ALU #84, M 68 1 & 351
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i A (ID/EX. B) , &5 Wl gk % T mA A (ID/EX. Imm)

@) MUXI : # EX/MEM. IR 454 Ji- 4y S #54 , 1fif H. EX/MEM. cond > EL, W % £
RN (EX/MEM. ALUo, B 4332 H fr i sik ) , 75 W& £ T w4~ (PC+4)

@ MUX4.# MEM/WB. IR #1545 4 & load 454, W % £ - 1i 3K 4~ %y A (MEM/
WB. LMD) , 15 W] & £ F @i 1~ (MEM/WB. ALUo) .

AN AT — A 22 A B AT e B MEM/WB [ml % 2258 FH 27 A7 a 415 A
HuhE S % M MEM/WB. IR[ rd] #l MEM/WB. IR[ rt] fhk—4>, 052 2 47 2% - 5 (7
AT ALU 454, e85 #7 ; G S 2 27 A7 8% — 2 RVBORS ALU 5 4 il load 48 4, NI £ £
G

MR KR B AR B R P A B PR RS, X TR OK &N S L A
8 th 2 2 e LLAE ID B G 31 qn SR A7 AR 8008 ph %, SR AEAH B A 4R 2 i 1D Brz
FRF 2 845 . S8 MR T AR (B A Bk Ol K 2R i L HL ] . 2Bl 25 R T A
A LATE 1D B 7 B AT AREIG 2 1], I 188 BRI (0 s il o e R A B KA 0 AE 3 K
AR QM AR T LIRS A48 A R, 0] AR MK R i BB 5 24 15 . 34—
Fofr Ak By 3 e A 01 FH AR A B0 B B 00 (R K £k i EXORT MEM B ) (1 JF 46 4G i
2 I B 2 06 5 1 S )

0 e 2 3 3ok b A A A7 i Ml S A A ORI o BN, 2 EAE D B A I h 1
i FH load $§ 4 (945 W 11 530 RAW pfige o] LUGE 3 3% 3.3 o 9 e 880k SE B (X ) load
EAE EX B) .

3.3 EDBRARNETERIRAKEHMBETH 3 MR

ID/EX o (g B 4 % TE/1D o (i 1 6 ; A
. L A8 1 B 1 T B
(ID/EX. IR[op]) (1F/1D. IR[ op])
, ID/EX.IR[ rt] =
load RR ALU ]
[F/ID.IR[ rs ]
ID/EXIR[ rt] =
load RR ALU
IF/ID.IR [ rt]
ID/EX.IR[ rt] =
load load ,store  ALU 7 BV ¥ af 43 3 o
IF/ID.IR| s |

X R T T load A 25 R 1M 5 | AR A9 K 2R HLUBIRR K load T8,

— HAREF R E] A RAW i, i K 2k H AL il 2 250 A5 U 7K 25 v 4 AB5 i, I
HHTIEAR T IF BeAID BERg 452 A AT ZE . A9 BlX a1, HE06 ID/EX. IR i 4 4
B4 0( 4 0 FoR 2 845  JFHS TF/ID FAE SR I ARIX B AC AL,

A EH BT L NI LB ER b R ALH E R 4. i, &
2 o BEIAT K A A A T 0 A A A R A E L, SRR 3 AR A 1 IR
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(ID/EX. IR. op==RR ALU) & (EX/MEM. IR. op==RR ALU) &

(ID/EX.IR[rt] ==EX/MEM. IR[rd ] )
B EX Be il MEM BE b (9465 4 #0 & RR ALU, 1fif . MEM Bt rp 5 4 1 H b5 o7 77 a5 o ik 5
EX B b4 4 1958 IR VR Bt ik AR ), U 75 2248 EX/MEM. ALUo % ] ] ALU f) T 1fif
— AN A 3.38 D) .

LA, G ARSI B AR 2R A R

(ID/EX.IR[op] ==RR ALU) & (MEM/WB. IR[ op ] ==load) &

(ID/EX.IR[rt] ==MEM/WB. IR [ rt])
BPEX BeHr 484 /& RR ALU, WB Brrb ()48 2 /& load,, 1Ml H.i% load 15§ % # H b 27 17 4%
bl EX Berb g 4 0 5 U4 1R ot bk A (W], DU S B4 MEM/WB. LMD 5§ fa] #| ALU
R Il — A (B 3.38 @) .

el , W] LAB BT AT A AL . X R FEBEGAR

kTS B S 1) T A B B AN 1 3. 38 R R TR . B4 B4R ALU B
AL RN [P 7 6 A% 159 2 00 80 2 150 2] ALU B PS5 A i

ID/EX EX/MEM MEM/WB

[—j ]

3
=
%

I
|

(4 3.38 i KZ G B0 A 1) B AR

FE P 3. 37 B 9K, 43 346 4 1 25 R KA 43 52 H AR bk 1 H 53R AE EX OB
e, X PC B SR E MEM BLSE il & FIraii R i 43 SCAER & 3 N8R R . O 170k
DOy SCHEIR i S8 X B TAE . WR K% & BEQZ Al BNEZ, 5 W] LA X & T fE #2
HPE) 1D Bedbdy . it oy BEAE 1D Bei e — ik 2%, 1 F 43 3 H An st ik 19 1155, 9F 48
ZRAFIIL S =077 (B L RS B 1D B, Gx S g5 S 8 03X B IF BE iy MUXIL, 1 &
3.39 fiR o oCUE IS AR K ZR 1 23 SCAEIR & 1 AN R R B R Ay A8 A AL B AR Y T
3.4 PR R . RHAT RN 5% 3.3 R MERE.
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o

IF/ID N @ | ID/EX EX/MEM MEM/WB
D <] i

1y
w
|
‘0 . |
JdN
|
{
|
Y
B
]

}R[rsl

i
IR[rt] i
82 _ e m
17 ’I fefha @ " MEM/WB.IR |

oNTvV

it
_»., e -

o

=]
-
|

Y

|

—

[Eenwv ] [aw]
Qv)v(n'w)

=
|
Y

|

‘4
TO\
|€Eﬁ® S
Lw
|
Y
|[E | [wm] [=] [>]

— [

B 3.39 g4y 3CHER X 3. 35 HEAT SCRE SS9 O K 2R R i

F3.4 YHBRRKEHIZRIE
ik B oL
IF/ID. IR « Mem[PC];
IF IF/ID. NPC ,PC « (if ((IF/ID[op]==branch) & (Regs[IF/ID.IR[rs]]|==0))
[IF/ID. NPC+(IF/ID. IR,,)"## (IF/ID.IR,, , <<2)| else |PC+4|) ;

ID/EX. A « Regs[ IF/ID. IR[rs]]; ID/EX. B«—Regs[ IF/ID. IR[rt]];
D ID/EX. IR « IF/ID. IR;
ID/EX. Imm «( IF/ID.IR,,) "“## IF/ID. IR, ,,;

EX

MEM

WB

3.5 MEBALEM

WAl BTk, RFOK LA FE A T AT KAt E 2 B BABA B3, ihi R
RSN FZ R EEFFSX M FEBRATURR M BENEE. I TR
O RAR WK R M BR  SCB R PERE T3, A 1 K R AR BRI B B T 1) 42 8006 27 A A



3.5.1

3.5 4Bl 91

14 ] ik 4 o o il b BRATLAR Sy 1) Bt AR SRAL

3.3 1A 3.4 R ie I K 2k Ak BRAILAS AT 1) B R s F0AH L B 1) R4S 4
B Ak BEATLFR by b fik Ak AL o

YL 300 SR Y ) AL BEALE 1976 4R LA CRAY -1 BT R AL, HF e FEE
KB T VALK /RS . T ok REEE T B T V5 2 & P RE A [0 Bt AR BE AL, 40 Cray Y-MP,CDC
Cyber 205 NEC SX-X/44 F1 Fujitsu VP2600 2, HH:RER B T HPILHZ ~ ILHEAZK
PRGBS . s ) BEAL ALY P RE A A LU TR AR AR &, 5 M A A 2 b B A FRALAR L, 3
R 1 ~2 DR S . HiL, R R PR 7M. HE,
A PRI B AT — R R T R R L R 1 RE JR) BR T SR A R 8 W LR K A 1) s i
[a] 13t

EELERR

X 1] B 38 55T LAR AT 3 A ] i Ak 3 75 = - 6 e A 3 5 5K ) Ak 2R K R B
WER T R LB T, m RIS B aSAE, FEbitRREX
D=Ax(B+C) R kUi m B X, Hh A B.C.DEREKERNNMHE, A=
(a,,a,,~,ay) ,B=(b,,b,,-,by),C=(c,,c,,*,cy),D=(d,,d,,-,dy),

1. #@E(KkFE)REAR

FE A 1) Ab 3 Jy b, i B R AT i 7 U ZE B0 A 1 ) i AT . XF T 45 8 Y 6]
T D=Ax(B+C) , L & &1 K d,:

il dy—a,x(b,+c,)

HitE  dy<a,x(b,+c,)

BIGTHHHE  dye—ayx(by+ey)

— M B TR AL SR FH X A 7 X4 R A R e e AT AL B R o KPR 3R 58 LA T it
BOEER NI -

k,«b +c,

d,«k;xa,

TR KA B 5O S o 2 2 e — Y B A X T 0k 2% 40 50 i 1
(ARMZMAEWMAKL) o FTLASILS KA N REBIEAHCH 2N KM BEYI#e . W 45K, &
[ Ab B 77 AN IE & F 1) AL FRAL A FF 17 b 2

2. Y (EE)LEBAR

LEN I 40 375 2 1 B SRR AR 1 A 07 SN BB R AR AT . R U,
A 1) B A ) R IS AR BSE 2 )5 T R E TR E B . X T R B, B e e R

kb, +c,
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ky«—by+cy

RGPS

d,«k xa,

dy+—kyxa,
Fon B I BLAE A B

K=B+C

D=KxA

X L A R AR 1) R A AR S — A R A8 5, B A 1) B4R 2 LA 1 OB A K
Fl 1 R EEI 0 (7 R 2 IhRE MK ER ) o FIr LA ol &b 28 7 3058 1 1) B A AL .

FEYN T AL By Korpr ) () K NV KNS Z BRI, TSI N A2 K, HH [R] Y iz S
— Al AR A e A, PR, T R A A — A AR A, B e A A 0 R ) i A E 19
T3] et AR S A7 AR ATt 2 o1, 328 B3 1 vl i) 25 SR T B % [l A7 A 4 (I A BB o B R 1) A A
FEERRAFI) o AE 2R FH 3 Rl b 3 5 X A 1) ok Ak SR AIL b, 30 7K 28 5 50 3 1 160 i AL A g o
i 4 LB (B % P8R ) 5 A7 B 2 ARG | DA T #) A7 B 4 — 47 6 i 28 453 40 119 12 B 0K
2 N 3.40 s . LA 1) B 4b PR L4 STAR - 100, CYBER -205 %5 #B & % FH i Fp
4k .

@, Comma | sokaemiee |
gfi%‘\
H
| e | S
—

P 3.40 7 fiff i — 17 ff & B4R A1 02 B R K &

T X o 435 4 £ A 7K £ FE 4 R AR SBORR A A S T £ 4t DR A OB AL L O A
0T St A2 R R A A R L LA SR U, R A DA i AR T OB AN B R A AR
o] —ANEE SR, BT LA, 33 ol 45 K X A7 itk 25 B 45 B8 LA B A7 i 2 5 Ak FEER 4 1 3 £ A S 4R R
THARH B ER . — RO R FH 2 AR U AT A 28 TR vh 2R B AR KR ok, B,
20 fit#g 70 4R ) (%) STAR-100 52 $0 47 i a4 35 38 32 MRS S, H B34 1 119 8
50 BE R 8 AN (K 64 i) i el KRBl it iR B T 2 {27/ /b

3. Y (A EAX

PR Ry X SRR A A B S R AR BRI — R EE A B R A
B T4, A A F o) 7 AL AR YR AL B &4

X F RIR BT, %

N=Sxn+r

Hrp N oA AR, S AR n ARAIREE , r IRE AR TH r Db 4
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3.5 [ A PRHL 93

Ak R, WIIEAT S+1 41
Mg 5l BN
JRE 1 4L
ky_,«b, _,+c, _,
d, <k _,xa, _,
PR 2 41

k\n*ll»lng +c

(n+l) ~2n (n+l) ~2n

di oy on <k o Xa
KK PEAT B 25, HE o —41 BPES S+1 41

o] DA Y BEAL PN 45 N A% i) g 2 SR T IR 4 R A — R BSCHE A DG R KL K
LR INRE DI . AT DA el Ak By 2 8 ) b AR AL .

X Ak By AR ) I RE VRN AS BRI AR LA 0 AT RN ALk T
LA PRI . n AR IS [ E 0, PRI T AR DR 7 0] 7 0] S A AF A%, T T A R 1]
s AR g Kbl g5 B ks AR 0 A A L AR L ) i 7Y A 4% A K A Ay A
- R R IE A K S . R CRAY -1 FIFRE Y YH-1 B HL R L8 i 7F
£ 8% — A7 A1 v 245 K8 11 [0 4k A0 PRATIL

(n+l) ~2n

E 2 EY RS

[i1] 4k Ab HEAIL (0 25 04 D] SL AR L 85 AS Rl i AS W) o 1A A7 6l 48 — 17 68 25 7Y 45 4 0 25 17
A AF B U LE K S R LR A 25 K L R i DL CRAY =1 BL R ], i — 25 A 48 25 A7 2% — 2
A5 184 1) i ik AL 1) 25 ¥ LR
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B, 3 BN I ) g 20, JEA 45 BRI ) 55 A, T FL I A 2 10 45 11 T DA 1480 I A 809 47 T

FSE B0 WK A8 A7 88 b . BUBEAEZ KR IS T (A, + By iy St 23 P, O 253 5 ok o ke
L R



2] i 3 105

7’1“?&7 2At At At
n ) o e Y e e e
LI
A = ik
1% 3.45 5 B ds 2 ORI K £k

312 Az hneii KLl 6 DIIREBLALIN, M 3.46 TR

mE
_ 1 —~ - -
I 1
Pd3.46 6 Btah AL BRI K
Hovjr S1.S4 S5 .86 41 A H: i /K 26 L S1 .82 . S3 .S6 41N ik MK 26, 4 A~ T i Bt (8] 724 50 ns, K%
UL K2R TR R I8 2 S TT LT AR [ A i T EL AL AT 81 28 nh A AE A%, AT DA et i O X TR
K& S vy,
(1) a2 1A

(2) PR SEbR i A kR ek L AR
3.13  AfE MIPS §ii K s fr i+ ALaS 541

LOOP:. LW R1,0(R2)
DADDIU R1,R1,#I
SW R1, 0(R2)

DADDIU R2,R2.#4
DSUB R4 ,R3,R2
BNEZ R4,LOOP
e, R3 (G BIE S R2 + 396, fiR B AEHE AR 7 5 (138 15 3 B b, B A7 18 A7 &% U7 [ AL A o i, O
ELAE A IR Jf 300 oo R ] — > £ 8% 060 13 B R B T DL ek 2 £ 288 SCA 2 1ol
(1) AEBEATAT Ao JA 5 1oy (85 B ) BE 100 SR T, 0 3% 48 2 F S BA T I R R 2 P i
R T2 UL K 2 0 SR s Ak B9 5% S 4, ELITAT 1) £ 6 &% U7 1] #8 im vt Cache, I8 4 BUAT LR 6505 4 &2
DA i e 391 2
(2) BB U K 2 AT I 10 50 100 B A, i HH 24 % )3 910 BT 14 JaE K 2RI s 1l {82 R T 0 4
SR VU SR i Ak A3 SR A ELITAT B4 A7 fiff 5% U3 ol 8 fir ] Cache I8 4 $0AT 1R A% 51 52 25 /0 A4 i Ao
Ji 3912
(3) Ml BEIZ U K ERAT IE B 10 50 100 B A R — A oS I S8 38 43 S, 5 000 A v 14 48 4 B AT I )
] DL LGS 2 I, s ol LU i 4 10 458 0 B, fEUR TR B SRR B 4R A A . miil %4 4
FF SV RAT 10 AR S 25 P O THAEERA T b3l 0 B T o 2 g o ol SO
3.14 fRBEAS BRIk SR BN T ATHR 2 B0 A b Ak 3.5 TR
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953 kB

*3.5 HXESESHL

X AF oy 20% (JLrr iy 60% SE4y XK I
Bk 4 1 T 5%

AT - R BECH 4 IR KR G A 3 S A S A IR A ST o e A A 4 ke i 2 1
FUGE AN I Al 148 I A RE 8 Bl AT LA S — A R B o8 A b R A ST T T A7k R
[ 45 24 I 0 200 28 b 55— AN TR0 K BB P A 30 Dl i 25 A AT 45 TR G 0 IO L R A K R A 1A A

b A 5 2l AT OGRS T T 1 i e A 22 b

3,15 {6 CRAY — | i[5EHL 4 B a1 Jy CPRA T ok 4 25000 hEHR A (R S D il 7 RIS g 01 4k
FRONFI] ), Y gt 25 A7 8% RIS BE S 22 Do (v Bl £ 06 75 5 1 A1, LR s i JAE /K 28 1 i ek O [ 2 22 /04117
B g b Iy 64 WS 22 AN A RETS B 42 TG 4L

V, — {rfifi CAAEfifh & P K27 41D
Vo=V, +V, (i e 3 4

VeV, <A, ($6 (Ay) 284 41D
VsV, AV, (1) it % 2 411)

316 Hepi) BEALFRHLAT 16 ATt A A g% IV, ~ VORI 10 it A (B .C D (E F o) it K
11y 8 1] bk 45 o 25 24 O VR AR Ak SRS OR T M 2% AR RE ALK £ L o T BB R 6 ) Sk 2 4 ik
SRE A Jg 347 R T CARY = 1 (ORESEEE R L TFFE (A + B) 5 C (830 KA E 009 1
MF A IST(D + E) + F

(1) R Ub Bz K2R 0 L ) L ( BEAF A d A L A5 14T

(2) BN BERTE ]y 50 ns, 50 MK S8 T3 14025 SEAE E 1IN 27 77 25 |, e Ab B8 5 119 512 Bk £ il %
3 % MFLOPS?



F 4

4.1

H < RHAT

Ll

EERE

— A BIATHMA

— 35493 28 #= Tomasulo Jf i

—H A5 L AMBEK

— 3 RARBER(BAEZT BKBLF LAK)
— VBRI Ao 48 AR

155 RIFTORER

FI 20 {2 80 A4 I Lok, LT B A7 1 b SRBLAR A1 I 7K 46Ok i 45 2 B & )T 47
PAT LR BB S PR AR I H i . X R R A 2Z RUAEAE 19 W AL IR AT PEAR O 38 2 900747 (In-
struction—Level Parallelism ,ILP) . A< 228 5% W] F1) FH & B4 AR |, 76 30 7K 28 AR i 3Ll |
by, JF R 2 e S RO T

JE % TUP 1) J5 3k nl LG S W RS o 8 0 TR 1 11 8l A5 JF & J 125 LA B i T R 1y
WA IF R Ty s o A8 5B A Rl X 43 AS i A 0 11, A SEVRE B R AT LLOR T R
S AR SRS & AL SRR T A S A REYE S I AR Y
i e TLP.

WK ER AL PRAL I 56 B CPT A T~ MUARL R K ZR A9 CPT I b 4% 288 457 0 1% i 4ol J] 00 4

Cplfﬂi'fiﬁi :CPIWM-‘- f,?;w)rifa‘iﬁﬂl"ﬁé"- f‘?itﬁ‘i&m‘?‘f’ﬁ-’. %iﬁﬁ‘iﬁ’f?ﬁ'lm"ﬁ
Forp PRAR CPT R B iR K 2R e VERE A — S b o a8 2 20 3% X A 30 1 25 00k i 0
/B CPT, M4 5 TPC . IPC /2 Instructions Per Cycle (Y455 , Jo & Y& B 4~ i) 4o J&
58 R 2 S8 ’

QAR — R SR AR R T A EURIH T RAAh B AT At 1 53 S48 A R A W FR 2
N AR i TR R R 4 ~T RIEAM A A0 3, FLAR A Z ]
i T REAFAEAR G, DG, 8 BEAS T Fye b 8 T ¢ 0 9 0F A7 ME AR AT BR 199, AR o] B bb Bk A
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B4 SR

P RN L. 1 W R e PR R R A S A HROT K TLP

B4 A 2 a0 AT e A o R R 0 1 I R A B B AN [ 22 AR 22 ) A AE /Y
FHATPE . XA AT YERR AR A HIFA Tk (loop—level parallelism) . 4, % & T ik i 4]«

for(i=1; i<=500; i=i+1)

alil=ali]+s;

3 ML — R A8 0T DAY H A 0% B4 o S R AT AT o I A6 R OO B 1) P 8 I B AT
fuf (1 3 A7k ] 35 ;

FE AT AR R Ve X R AT AT PR i TLP () — 26 53k, R SEAC A |-
AT S A B T AR B 55— O R G B R A e 0% T T 0k SR P () 4 )
RO R . 55 3 WE A ) AL FRALIR 1L R AN I i . BUAA ) i AL PR AR
P IF & ILP [ )5 36 R 22 E H AT IF %2 TLP ) b B3 BLAE 8 FH A 4508 5 48 7 s {7, JL
TR SE AN T 1 BEALBEAL, 4R 1h) B Ak BEAILAF 0 4% G 10 0N BUEGE A I Y 0
A A BT 5 Ak FR R 2 A4 R FH

FE55 3 wErh Fad B B 4R A Z MAETE AT ARERI AT 0 TR E B E b A 20
JEAT 1 DA AN - 23X B AT P A7 T 48 00 1 S N SR 2k 48 A A G, B ] ek AS BE D
ATERAT , o HRETR 7 A AT . MIOGAT 3 RIS R < B4 FH G | 44 A G Fn s il A %

WK e pl o S48 0 T LRI I KRR U, th T HISC A, [l 2 b 9 F — & 45
A ANREAE G A I b SRR A T o MK R pl g AT 3 RS kA wh g RO b g R ) b
SE . R b 2 DB B D v g i A A e e B A O 4 R S i Y 5 R
o 2 4 ) A G 3 BT

B OGS R [ A 18— Rl 1 e e 1 R v 4 A 22 D) B0 A B AR G &R g LA
1 — UK 6 A5 2 3 B9 B o 28 LA B2 o 2 25705 Ok 22 I RO 455050, DU 2 37 /K 28 1Y ) 4k

RO AR GBI A& ILP A 5508 3R Y 35 B P A 22— il 2k el o I x 2 B
il o AT LA DA RATR 1 A 1 ok A R A O ) R

o PREFAH G, {H kG K rh

o AU AR A T BR AR G

4 VR RE I — R R R G pp s ) B vk VB OIEARMUEM O, E 3 mAY T
— AR G 1 2% S R AT AR A VR EE 0 B, AR B OB 0 5 Bl 25 0 BE AR 1 B O 7 ik
T # AK 3 A 2 S R R O S o] LA B Y o

HI T A DG A AE D200 15 19T U (4 B2 )3 I o 2 I ¥ ( program order ) Ji- 45 rly I
Py 0 0 00 6 58 4 R AT SR A BT IO o i 160 A 48 10 45 b B0CRE 2 £ A 1) F A
e ST RE T AOIFATHE , FUAT A v GBS i B2 1 (0 M 04 5L A AR R Y L

X4 0 B A 5, 47 il AH AR B O AN — A A BRI . YA A B AR G,
SR AN Y A DG 0 AR K R T AT T A SR AN I SR T G 4 4 R AR I LE G M A S )
TR 256 4% 5 0T LA 2 i Cln S A7 e A ) BT LA 0 A 5 I A g — A a0 250 7™ A6 e 437 1) 6 ke
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JEE T R TR A D 20T A S 1 i G B 1 R A S P A B DA ( data flow)
Fl 54 17 M (exception behavoir)

PRFE S H AT N IS JCIE B 4R 4 (1 PR T I B8 AS R O 7y Hh 5 i) A
Bl BSOR BT s 8 2 K R O BT IR T A R L XA AR
e < 48 2 BT T IIY 16 8078 AN R 3 OB IY v R A Y

1 SR G A O A T ) SO A G s o AT G, s R R RR AR I I B R A S R AT
T 1hi % — 5] 138 1]

DADDU  R2,R3,R4
BEQZ R2,L1

LW R1,0(R2)
L+

WAL A R AR OC T R2 R M OC, BF AT 25 S & ol . AR B
PR (1) 55— A~ S0 S0 o A AR A G i 4 LW 5 A B8 B 4y S48 A i, st AT fiE
il LW 4547 DA 25 (IR R2=0) , WHARRARE LW $5 4 B 5] BEQZ
HIE, AL 0 DA SIS L, B SEAE 3 SR T % 3% 58 2 AN BB AT

BCH AT A A7 R AL 7 74 4 2 3 0 2 48 2 10 SEBRit 8l o 3 SR A (A5 i
T HAT S AYE  DUA B A4 0 46 2 B 0T AAT 2R .t sl S U, AN AR 45 B0 R
RAESEAE I K — 2548 2 A1 nl BEECH M OC T 2 R4 4o BRI v i 1 W 4%
F/4 B SR T Bls 0 7 25 . BT LA, SUAT I AR R TR A RS AR H R R 0

FIE T RY 1
DADDU  RI,R2,R3
BEQZ R4, L1
DSUBU  RI,R5.R6
L1

OR R7.R1,R8

FEX AP 1 OR 452 ) R A(EIRRE T2y SO A . v BAA H OR 54
B AT DADDU FI DSUBU 45 4 {H ¢ (U R4 3 A 8Os AR DG O AS G 14 BIF X Bt
A 1 LA L 20 200 R T A6 U A ), B G 2R 3 SRRy, OR 48 4 BT R1 A {1
it DADDU TH3E M 19 5 Q2R 2 SCAS ), OR 45 2 BT AT R (A 58 0 3% & DSUBU G155
PE I o 0 e PR AR A T A G ) LR B B U B . BT LA DSUBU K RE 4 8% 31 43
SCAR A Z i

AT I 23 S BUAS BB P 1 R O B AS 5 0 56 47, A A B30 00 O 33 i T A K
M PEAT 45 2 VL 4R WO S 4R 2 I E B 4 SCHR A T BN, 5 R 1 X A T

DADDU R1,R2,R3

BEQZ R12,Skipnext

DSUBU R4,R5,R6
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4.2

4.2.1

B4 AR

DADDU R5,R4 ,R9
Skipnext: OR R7,R8,R9

{5 B L1 R4 £ Skipnext 2Z Jo AS 4l L 1fif HL DSUBU AS2x 7 28 S I8 20 5l wT LA
8 DSUBU £ 5| 4p L5 4 Z 0 X & XA A 2 s B B it . a2k oy Sk,
\’?ﬁ}"ﬁl"f’lr DSUBU 45 % & AN ZINA T 10 (H BRAE PRAT T W OC &R I A B A 23 52 i 7
BANEARFERE S

o 1 »~l VE 11 17 IS FACE 5 AN AL B At S o [l 280, ofy L 008 £ £ 5 8008 AL 0% 5 B0 0
AP R O X F A TLP (1 52 )

ESNHTRE

8553 B e R KR s TSNS K L fERXREM AR b Y B0 i 4R
25 2R AR K Z Th AT IR A ASAE A B AR DG, B B A R O AR G AH ] DL 2ok i
16a) AL T 5 A O BRI, 0 m LAYAL HH 36 A% 45 2 o A 2R B0 A DG AS B 45 G, v 2 A6 i Al 47
58k 23 AT 2 B8OH 1R 45 2 T I 8 3 /K 2R 55 0 (stall) | ASPEIRCHR 2 AL LH 4 2

i 2 T EE 1) AT K e AR A i 120 4 X A ORES B A i SR R, DA R OC R b e L 22 o L
PR A i A5 W JE (static scheduling) | Jd PR & A & AE AR T SUA T 16 2o B vl i Jak A 24 156307 1]
AEA A A LRI A o 2 U S e i U A DG 1 45 4 7 B 5 R 2D T 6 7k 11 45

5 Er AP AN, s A P (dynamic scheduling) JEAE PR IF BT B vp AR G4 ]
A F X AR EA T I 8 XA R AR S AV 2 AR AL B AR AR ] X AR
Ay A5 ] JE RE A PR B0 AR S W AT NG BT Sk A {4 X A BRAT IR DEA T B
HE ool /D B A G S B s . s AR ATV 200 A

D fE b B2 2 I 0 AN W04 R OG (b S A7 A 88 U ol (8 M1 ), ik 1 %
PEAY .

2 HEW (i A A A 17 1] K U0 /K ZR A0 A 2 2 1) 1At £ G O K 2R (Bh S R 1) b
i i aﬁcﬂLJf}m

IR ) A VR 17 1 B A DR B 1 S I R AR R

BEAENEREE

o5 3 Bep L IR IR KR AT A I B B A i B U A (i
order issue ) AIHZ T 01T (in—order execution) (1), W1 K 2548 4 £ 0 /K 26 b gl fse i 1, )
Joi VAT AT (4 A A8 05 1k ik T LA G ST 4 4 A AF LR O, SR T R 2 S BOb e,
ShEE= LR R G T AT 2 A TIRER AT I8 2 50 $e3 F AR v] fig I ok B A 45 4 T b B i
Mb T NARE  RERCEICT



4.2 fFSNm A i 12 11

£ -SRI a

DIV.D  F4 FO,F2

SUB.D  FI0,F4 6

ADD.D FI2,F6. F14

SUB. D $54 15 DIV. D 454 5 1 F4 MG, 30K F@H ., ADD. D §5 4 WKt
BEL, M b b S AR 2R b (AT ol 45 42 BB I AT G R o X I Ol AU ) AT Al K
Jy B o Gt S n] DLAS SR R U P01 5 45 4 IS 4 s e i itk — 2 B i P fiE

TE55 3 RO UL K 2R b, 45 b ol 8 R R e e 8 A R A6 RS (D) Bt Ar kil . A Y
UV AT 45 K ol s o B AT Bl R L AR A ATRB W it . b 1 4R 2 8
ADD. D 454 Bedk S ERA T T 25, W0 AHR 4 00 th 10 T AER 20 o0 A 20 B 4G I 4% ) o ¢
SERE RO P A ke L LR I B VAT 25 K opsE s el PATEFR A . O FLIR G 1 4E
A DL A O 2 8 ol DL BT T XRE iy ADD. D FE 2 A S RERL%E 1. &
S 1 I K 26 TR T 1Y Cout—of —order execution ) , BIR4& (1 $0F 70U 15 Bt I AL Py A
FIE] . T RE 48 A 00 o8 it 2 FLIY 11 Cout—of —order completion) | B14E 2> (14 ¢ B 7= 15 4
J Y AS A 1]

N SRR H A Fi R ER YRS (TD ) BEAi 70 2 LA F M A B

M it (Tssue ) 482 TS IR A A G AFEAS R ol 58 o AR AN A7 AR 25 4 ol e |, slofs
/AW

@) AR R R B R Can A7) RS A

nf DUG AR A 00 AT AR 4 i (in—order issue ), BIFEFR Y 00 3 1 0 (H A,
EATTAE B A B3 v G A5 5T R EAH 25 R, DR 1 E ACERE T B T BB 28 S LTI 1

i UL AT IR S Boimi K P e A 22 &4 WAR phREA WAW ppEid . HIAE
GLIF A TR AR E T RE Al L B, B &R AR

piv.n  [Fiol, ro, 2

SuB.D [F10], 4, Fé6

ADD.D F6. F8, Fl4
ADD. D 454 5 SUB. D §§ 2 f (‘MHU&( AL FO) MK L AE SUB. D i F6
AL SE M ADD. D sl 23 th BRI . 5L, SUB. D 15 DIV. D A7 76 S i A G (75 47 2%
F10) | 3 K 28 26 200 R K I H 322 A0 G L Ol S WAW phge . A 5 1608 A 31, Tomasulo Y7
A LA 2ol A A7 % T w24k T ER AT

AT B B AR L BB 2 e R IR 5 BOiii KR —FE . AETE SRR b AT BY
Ben] R 5 2 A1 i 10T, DR AS o] 1 38 5 it AS I

6 AT T I8 B o348 A ol I G Pt 7, ] Bf 25 PR A 7o A Fr‘llﬁ‘a*ﬁkﬁ SECL S

J’I”l R A T IEAEIRAT S . R 2l A R BE 19 1A K 2R S 4% 22 4548 4 TRl it Ak 1 R
G, Bl S AP EE - KL X BR AT 2 AT RE T, 8 W K R



4.2.2

G4 PRI

o # AT AT 2 . T i s AT 2 A TR

15 A LT S8 UK AN T S Ak B0 &2 A 0 . — Mok U, 8l A VA JEE O 45 1 1Y
SRR AT, W SUAT B o BRI R R AT I R A S ATRE LR R E . B
25 8 T35 9 Ak B RIL Sk 350 S A4 1 0 1) 59 AT R s X T A R S A oK,
A1 Y4 4k B0 AL A D) T8 %A A K MR T A RV SRR

W AR 45 1 O B0 SR AT 2 A U b B LAY o] BB A AR S KT SR . T I ARG
ifi 545 (imprecise exception) K4 X ATHE A @ P HUR A SR I b BALI B CIRAS)
Ej R e AR Y AT I A i MBI A ) L Rz, R R S I A FRAIL ) BE A7 B
R WL SR E 2 603055 ), 0 4 12 598 52 (precise exception) . &
3 A e 2 A e L B A R

Z T A2 A AR 0 S D O Y R S (BRSO I B T LR M A
N

D AL ] fiE 2 AT e FR BP0 TR 2 i ZIR R 2.

@) Wi K £ 0] it i T8 58 A% B U JE 4 1 Z RTINS 2 o

T2 M 2 A Tomasulo B 1 S 9 Fh L 45 8L 78 (% 2l 25 08 B 452 . Tomasulo 533% 1L
I A O TR RO SRS L V2 T R AR A SO M B AL BEBLAR R
Hl 1 Tomasulo FLyk s AR IE . F it KA 24 Tomasulo 5574

Tomasulo & %

1. EXBRE

Tomasulo 253 & (11 Robert Tomasulo %& W), U ALY 24 Fiy 44 B C R 77X
b ) 1 0 5 TBM 360,91 rh (77 AR 1 . LA U 2 BIARAL FRAL R 1 33 il 35 114 45 Rl
ARG AR R O A A

o LR RGN 45 4 A1 G 45 M 88— PLAE 45 80 3 BIERUAT L 8 K 2R RAW € i) nl BT
W5 g b

o il b A AR R BR WAR pfige Al WAW e

IBM 360/91 2 it LA 25 K H Tomasulo $3 , & hE F LAF JLAN 7 i 1 25 1

e IBM 360/91 [y i% it H b 5k T4 4~ 360 F 4 5 — 1945 2 2 50 Fl 4 i 4% K 3¢
B PERE i AN BT AR T T 0 e 1 e R 4 i PR B X RE L 5 B 2 RO T
g

o IBM 360 1A Z 25 Hg LUAT 4 A BURE 07 a3 A7 a5, BRI 2 3 45 9 152 119 A7 38k

® 360/91 [ Ui A7 I ] FPE £ SR ] #RARAS

AAT AR 24 0T LA B WAR pp2e fl WAW afige o 0L a0 R ARCHS

DIV. D FO,F2,F4
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ADD. D F6.¥0, 8|
S.D F6 .0(R1)

SUB. D [F8] F10,F14

MUL. D F6, ¥10, k8]

ADD. D fl MUL. D {4 Z [a] {7 £ — >4 th A OC (F6) , X v fE 20— 1> WAW afp
% ADD. D FI SUB. D Z Ml fF 46— RAHOC(F8) ,iIX i HE P8 — 1~ WAR #h%E. 5 AM
AN I 25 A7 2 S R, IR i iy S F6 45440 S 4R i A F8 4544 T, W1t £

PA R AR :
DIV. D FO,F2,F4
ADD. D S, ¥0,[Fs|
S.D §,0(R1)
SUB. D 1|, F10,F14
MUL. D F6.¥10,[T]

XAESEBR LR A MG

(1) J&F Tomasulo 553 (1) MIPS 4b B &% 7% 27 58 14 19 S A 45 ¥y

NI A MIPS $5 4 S0 B0 Ok A 24 Tomasulo 5235, T 055G (19 J& 77 s S48 LA B
load/store Fi 7. P 4. 1 JEEE | Tomasulo $57% (1) MIPS 4b 3 85 77 45 5 78 1 JE A 45 # , ST
PRI T ZATIRe A P b A T o R R AR T 45 b A

M 2 T o
W P LA BEP
%
BA
load/storeff4F A
‘ TR
. _ N
soreZalis | HuBEERPE &W&E%J I,
Y ' v loadZ s N N
6 Yy
5 L | &WE&L |
4 R
3 Add3 ! Y
. . 2 Add2 | Mult 2
[ I I “laddl | 1 Mult1 |
i | | Hun S SN |
1 ; UM B (eI 37 ‘
Y 1 AIUEHREE(CDB) |

Bl 4.1 K Tomasulo 53419 MIPS 37 500 {8 (4 JL A 25 4
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a4 fFSRIr

o 0l S I N W S B § A S (BRI D |
(ORVSH7
e B3l (reservation station ) 3¢ ¥ 78 38 VAR A0 A LS PR RINE S A9 AR 3 AT 3
Ak O B g ol fim 44 8 Addl (Add2 FT Add3 5 7F "'JTEH\ v AT A A 9 A B 3l
SR 2 Multl il Mule2 B A4S {3 82 3 &8 AT — A SR iU Be, ME — bR 1 %Ok B ol
BEASPE 8 sl P AR A — JR R JT-%:H-%'J/—I\lJJﬁEudS{’l-a*ﬁMrl'l’ﬁb"\ L2 AL 0 A4
PEAVERCUA B TR 00 R i ke a2 i 0 L . S DK TR A X S B . A — R4 A
ST 5 0 IRE o | 0 S8 A 1 IR 1 B 2R AE A A7 A P st 4, WK 2 ) i AR R
QR BOA AT ESE R A2 LR B S e I R T A X A SRV B O B 8 1
bRt

@ A gk CDB

YN SRS U)B((,ummon Data Bus) J& i 45 04 v 1R — &% 058 10 B0 00 1%, Br A7
DIREFRAF B 11345 R AR A% 3 CDB I |y & 40 ik e 25 JL B R AR 2% 3 45 A0 S0 45 R )
H Ty o DA i 1 IO B 2 15 3 CDB | CDB 423 BR 1 load 22 v &5 LA 5 11 F
ATTRPEI AL 17 S35 AF i J0 ) — X 2R 34 92 1) D) B AR R, JF i ik CDB % 4% 3] store
L oh AR AT,

@ load 2 phi g Fl store 2 i &

load 2 pft &% Fl store Z& g v A7 TR I 152/ 765 A7 fifh a8 10 B0 sl ik o &1 15 A
Of B i R A0, T AR S il i e b 4B AN Y PR B R B . RAT R AT 5 ]
A ML 43

load 28 o 25 10 15 14T 3 1~

o (R it8AT xfliiihLﬂJéj‘-u,

o R IEAEZEATY load 1iAf, 'x'f'rﬁ' i s 118 5] )7

o PRAFLZESER 111 load (145 3L R A7 &8 BOR (9 8085 ) L 515 CDB {4 4

F L, store ZZ pp g B 1 THALAT 3 4>

o (EBUNF 1AL &b hE 1R F3 ik

o PRAFIEAEIEITIY store U471 H br bk 1% store 1F 75 55 15 A7l B0 19 21 35

o {RAF % store (1 btk AUVECHE | B3 A7 6t 5 1F %04

@ IF SUAAT A% FP

HAT 16 D TEALAFAF A :FOL V2, F4 - (K30 & {1l 2ok — X G 28 3% 2% 3] o) BE 5 18
Jf-ifi ik CDB i 4% 51| store 25 pf 4

&) 484 A1

B2 TR XK I 48 2 AR 2 BAA 45 2 BA S v 1) 4 A e S ik 2l Y 0 ) 3

© a8t

TF SUINTE 88 € BN E RVE AT | 77 5 i o WG AR 1k FBR Ik 4 4

._\
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1E Tomasulo 530 v, 25 A7 8% 49 4% Job i 1ok {4 B 3l R GAE Hh 382 4 ok 3 ] 5 B 1) “i
P IS G SR R A AT R K WD B 4 v B I A A 8 e 44 s
A‘f‘mﬁﬁm{/f{%lxlfwﬁ\ . LR A < i b AR B e ,Eﬁéyﬁﬁ(#ﬁ'?}ﬁ & 'dc%’ﬂtﬁﬁi r
B A B (£ ‘LTJLQ?),uk%'4/&ﬁSLJ (i Bl RS L, AN PR AR A AT G AR . KRR T AR
PR A AE G0 ABRAE AN TR WAR phE T

I Rk A B ok BE W] Tomasulo B3 I BEACSEAL, HU I 4.1 fij 4k ol &
4.2(a) JFHBM 7 —AFAAIRER Q.0 WEAAAFARTE Q, h AT — I, T iF kA
O B ol o 2k W”]"(Ti%ﬁn’ﬂﬁ

Z WL 4.2(b) 1454 MUL 3ty 8108 B 05 Mulel i,y 7 JCHERAE 0 2 FI b gl 2
(fr F2 f1 F4 'P),h!}[}r% BTN A g I3 O B O, X PRI AR 2 LA SR F2 R F4 B A
KA T AT I L4 LR B ol vh JBURCH - [l R H A7 4% FO XS Q, Frai ¥ N
Multl, & /5% 25 A7 i 10 P9 7585 th A2 B 3 Muled $E4EC Pl 4.2(b) wp iy i 46 7 %)

ZUWE 4.2(c¢) 454 ADD J 308 8l Addl i, R4 1R ¢ IR JF {E1

KB FO g AR BOL AT A, TR E TSRO Muald AR BURCEN PR B b R
AT P AT RS Multh (92558 [N 2R F 75 A7 die F2 2P0 Q. AR ¥ Addl,
PRI A AT AR N Miﬂh fR Bl Addl 4 it

Z UL 4.2(d) 2 Maltl (932 525 5"k (ko) s B il s B2k 1 ()
) L AT A uéﬁ(iﬁﬂﬂl&)‘; A2 11 a0 B s 0L o AddL iy ADD 45 4 1453 31 0% B
Jei Lt b nl PAT b it i

Tomasulo 5235 % 20 A (0 08 85t DRI LA BA R BG4

o G AG I R A PHA TR A A3 A RS DRE R 0 OR F G h  f B ke T
- 2 Wi 48 2 0] LAAE % I RE A T s A 7

o JIFELS AL L CDB P4 PO™ A e 1 O Bl 15 36 2 Ir A 5 B 0 S e R A i
ENITEZSURE R ea

(2) $54 M7 %

fEIEAN A 41 Tomasulo 5L Z i, oKk G — PR MATM P IR, X HEG LT
34,

@® i

A A BA S 1 Sk I — 2R 48 4 &IIHU/L%EZ“FI’H 7 BT SR O B 3 AT s I, ik
FEIRAE 2 R PR B (B v) o JF L S HE R AR RO 77 A7 a8 vh B 2k 4, il ax
PRAEBUE AR O v R LR A ﬁ(ﬂ BEAT AR, R AEHE 7 AR 8 1 B0 R 53 3 19 b
l”)!_/\ﬁixﬁﬂln ro JXFE, — FLRIC o YO8 B 0 8 O R A O 2 L 58 ol v,
X b AT A A 2 (0 B R R BRI R R A Rk A 92 b (Flﬁ?f
WAR thg€. JhAh, i %858 U H 0 25 47 25 10 BUZ T4 8 2 B2 S0l i B3 0l v 1 2%
Fo X PPR FARCY FHEATOE AL S B () o bl T A R R U IR A %’. |
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LKL A DA ARSI, BT B 1 B R @ S S A A A Lk
DL ER © WAW pfi%e .

IR CWURBAT S N R PR B R S AR o X R A T B A g .

@ Ay

QRSB A RGE B A TR Ok, AR B 4 U L DB, 55 7 BT i i 31 30 45 1L
— FUIRASGE R e B CDB L AR B 0l of 7 B3R % B H . 20 w4 $5 4 4
R e L AR LR B 3l 300 DAL 17 203 BB 30 1 T B R 7 46 2 B A48 M 3k B O 5 39 T A
BB A FF I AT PR TR &, gt B SR BUA T J7 1 A e RAW fise . iy

M4 B e -
- Y Q;
i ] e |Fe ‘
3 : A b F4
g)ﬁ ADD F2,F0,F6 ?—i a__ |2 |
| MUL FO,F2,F4 % E
' | | |
' T Add 3 ! ! !
i
= ladaz 5 l Mult2 |
o ‘Add1 [ | | Mult |
S L. \
] ] : Y Y
UM A IR EM
R
(a)
WA 4 - -
Y . ¥ ) Qs
i ﬁ ¢ F6
* b F4
B #_ a2 |m
ADD F2.F0.F6 o FO [Multlj~~—- !
- S S
Add 3 I |
g sz & Mult2 ‘
o — Add 1 ¥4 | MUL a b Mult 1
Y \ Y Y
TR A T AR EIM ]
! AR B E(CDB) )

Y

(b)
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AR A Bk
I B ! Qi
T ¢ ]
B B ]
3 B . F4 | -
BA | ) ({;‘r*d)_‘pz | Add1 |
5l o 'FO | Mult1}~

] |Add3

S - 3| I
g | | a2 ® T 7,17{?!\4“:*2
% 'ADD| Mult1| c |Addr- HIMULL 2 | B [Multl
s g
A SEBER B 2(CDB) i
©
MAR 2 Bk
— RN B
s | Tloe Jre [ ]
& 3 T '
4y fra | F2 |Addl"
M # Jro [ e |
T B R R R
A N Add3 Y R R E—
gt T A gF__fﬁﬁ!___ﬁMu:tz
il LA[lD‘- e | e JAdd] MAJ__AL_—_ Mult 1
. | . ) Y
BT P ATRILBM
2 IR A Z(CDB)

(d)
F4.2 —Af g1

T8 J B L TR A R B ) P % BT S R b, BT DA 48 A KRR
JIE My /> T RAW 5 i 5

KL R B AT AT RE R B2 SRR A FE IR — B B R AR BRI DL . A TR B
REFRAT A LU A r 4047 A0 — DI REFRAT N 38 L 25 1 2 25 2 A B S i ab B . mT L
K B ML T3 7 2 PR 2 AT I 48 4

load Fll store 55 2 (1 FRA T35 2 WA A0 B8 - T H 30 AT R0 bk (2255 B S b bk 25 47 28 9k 45 )
FEAT RO HE A load 5y store 25 pfr . load 22 vh 4§ ) (1) load 45§ 4 B B T 55 14 I £ ik



450 SR

BESE R . T store 25 ph g Y store £ A 76 PRA T I 200 5E B EAE A AT G A5 1) B 2
P S AT AT SO A AR UE R 3 AT B T Ok S ) £ A 1

@ T4 R

DIREFBAE T3 s v, sk T 5 &5 3 CDB I, i A3 S5 o % T B 45 R 1 5 17
TR B4 0k ({045 store 28 pfr g ) BRIAI IS M CDB |- 3K 153 FF o B (1 Bl . store §5 2 761X — 40
S8 A AE AR RR A0 TS A < 15 A bl VB B 8 S I K A3 45 A fiff 4% TR A store 52

{3 B S P AT 2 AL load/ store 25 o 85 #8475 BB 288 455 8, 114G D 097 e o %€
AL AT A BEE A S AT AS Il o A LB B b T T4 44 00— 2H R UL A A7 A 1 44
FRChir) o i, fe i 4.1 bR U E B al D — A4 4 G0 HERUEBCE L H T AR S A
{5 54 5 A1 6 A4~ load ZE ppefocrp iy 55—~ XM FA 11 ASGR 8 b o] DLl 4 0 2k
45 YL I CIng IBM 360 {R R45 ) rh HLAT 4 A RURS BETE L3R AE 8% ) o Rk 'S 0 1T T &om
AT d R RO 4

£ Tomasulo B3 it JEHU LR B b 45 7 T8 189 K P00 28 A7 8% 5 76 3 1) Jy i v e vl AR
LA 10 A7t PR OCAE Ol I 48027 A7 28 L 191 40 SR T 00 18 28 A7 8 588 0L 1 I 100K 2 1 21 1
P T (reorder) 2% b 88 25§ %

B EAT LT 8 B

o Op: BEXFUEP AR BT T i 415

o Qj, Qk:ff ARV EAEBM IR o ' 5T 0 Ko a4 HoAe V) u
Vi i, sl AN SRR

o Vi, Vk:IREAEBOWAL. X TR — DM EAEEORUL, V 80 Q FBL AT M id. &)
T load K Uit , Vk B TR B 4k

e Busy: Jy“ves" KA B 0 sl pfr oo AT

® A {Z load fl store ZE P 8 AT 1% VB . JF IR JEAF AR 2 vy 37 BRRC7 B, ki)
FENT AT AT R b L

o Qi: A frat kA&, WA FAF AL L P AT RN — 30, T AR R g5 R
AL AFAF AR O AR B (5 o S 0 R AT & AT B AE AT I 4R 2 BT % A A A%, i
LA N

2. ZEf)

FE i HAAR 55 2Z i, Jeidad A 7ok - T Tomasulo B3 2 Wil 1T4E1 .

Bla.1 X F NIRRT SO - R AR A S BUIFE AL R Tomasulo 57
T 25 (i R P i N2

)] F6,34(R2)

L.D F2,45(R3)

MUL.D  FO,F2,F4



SUB.D  F8,F2,F6
DIV.D  F10,F0,F6
ADD.D  F6,F8 2
Pl 4.3 g3 th 7 2% ] Tomasulo 5235 5 1A
VA B A IR A R TP I N o
AL INRETR AT RIS HE . 1 4.3 A 4 A

i

4.2 #%

11 ) 725 U JiE 119

S (1 I 220 {8 B 3 L load 2% vk
i Addl ﬁTE%—/\}Jn&I}J““%ﬁW Multl /5 253
L PATIR SR AL 1 1)

B SEB L O AN S B 8 43 R R 2 T R IR AR AR PR A A DR B i b
v 4 A ATIR A
i Ay EEARE
L.D F6.34( R2) N V v
L.D 2 ,45(R3) 1T Vv \
MUL. D FO,F2,F4 N
SUB. D F8,F2 . F6 v
DIV. D F10,F0,F6 N
ADD.D  F6,F8,F2 N
{4 B 3l P %%
7 - :
Busy Op Vj Vk Qj Ok A
Loadl no
Load2 yes L. D 45+Regs[ R3]
Addl yes | SUB.D Mem[ 34+Regs[ R2]] | Load2
Add2 yes | ADD.D Addl | Load2
Add3 no
Multl yes | MUL.D Regs| F4 ] Load2
Muli2 yes DIV. D Mem[ 34+Regs[ R2] ] | Muld
EREEGRINA
FO F2 F4 F6 F8 F10 F30
Qi Mulil Load2 Add2 Addl Muli2

% 4.3 45— 4% load 4§ 4

4.3 A 45 %

CDB |,

He

AU OB A A A RS R I R

U AT 2 — 2% load 48 & AT 58 B 1 45 R 5 5
52 0% load £5 4 2R 58 AT ROt AL THI IR AESERRAE AR AR U ML . JT] Regs[ |
R AAC AL Mem [ ] 2o f7EAif v . o ML, MM HH 9 ADD. D $8 4 S i — & 48 4
DIV.D A7~ WAR % (H g af UG T DIV. D 58 A 2 S SRt iR .

5y At ST 0P 114 By V8 B T 3k (4 il 43 R AR EE , Tomasulo 303k HoA7 LU R P A &2



g4 fFSHRIFT

LR W

QD 2 K6 I 322 8 220 A0 ) Ol ek {4 B 0 FD CDB S8 ) o ISR AT 24048 4 B 4k 19
U= B8, O ) I AR S T R aa SR as IR A X AN G R — 7=k kel LAl i CDB i)
I 4 2% 20 0T AT 1X 24 4 e AT o] LU B RA T o G SR IRE  rh A A de L, 45 R 1 2
B S TSN AAT A% SRS TR OO M A AF R AL e

@ WFr T WAW 2l WAR ph o€ S SO0, 3 0 38 ok Al FH AR B4 3 0E 4 7 25 77 4%
e, I FLAE 351 50— e & ks 22 A £ B 3l ok S B

Pkl h ,ADD. D §§ 4 5 DIV. D 5447 — 4~ WAR ph%E, 4 DIV. D i th i) A7
PR T B, Rl ARE DIV. D BB ESU L. D 452 A AT 5 R, IR 4% B E R 0 &
UL B Z RO B 1 Vi s 53— RS 0053 L. D 45 4 0 A 58 10, BRIV #5015 B0
AL I 201k Qk 4 m) £ 8 35 Loadl ( B4 Loadl £ B 35 M bR LA Qk) . A4F 12
WE— Rl 5L, DIV D it S AR M 27 A7 4 F6 W A7 XA 7, it 5 ADD. D % £ % &R
o FrELADD. D af PLERA T RURAEEE 3] F6 Xt DIV. D [ IE B $01 T84T 52

Bl 4.2 xf 4.1 et AR B A R R A 1 AE R

load : 1 A4~ ) 19

Jinig =2 A~k b i

Fe 1k 10 A1 i 10

B3k 725 : 40 A~ i A i 10
g5 MUL. D $54HE£5 5 45 B 5 R S KN %,

B MUL.D {52 MER S A R SR E R NAEWE 4.4 Fix.

XH L ADD. D $54 5 DIV. D 4541 WAR M€ 2 441 K, ADD. D o] DL F
DIV. D S8 I8 25 B 5 A Fo A2 BLA R .

3. AkEZ

N gy Y Tomasulo 533 48 2 HE A5 B BO 25 04, DA BAE 45 B BEHEA T 1 452 4 FAR
SRANBEX.

AR 1

v AP RCAE TS A MR R S e E R B T () .

rd: H WA H S

imm : £S5 97 58 I 9 57 BRR

result: 7 g FF 5K load 22 v iz [l 14 285 4L

Regs[ | : 2778841 .

vs rt: SRR AR A A

RS {4 8l .

Qi: FFfrdik B,

Op : Y Hif 5 4 I BAE RS
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Wil AT CEAE
L.D F6,34(R2) V V \
L.D F2,45(R3) v \ N
MUL. D FO,F2,F4 N V
SUB. D F8 ,F6,F2 V V v
DIV. D F10,F0,F6 N
ADD. D F6, K8, 2 N N v
15 8
‘A - , ;
Busy Op Vj Vk Qj Ok A

Loadl no

Load2 no

Addl no

Add2 no

Add3 no

Multl yes | MUL.D | Mem[45+Regs[ R3] ] Regs[ F4 ]

Muli2 yes DIV. D MEM[34+Regs[R2]] | Multl

" AR AR

FO F2 F4 F6 F8 F10 F30
Qi Multl Muli2

4.4 MUL. D & 0fE & 545 B 5 AR BRI A

%t T oad 454 e i, rt S AR A7 BT OB 10 25 47 3850 5 X T store 1540 e 1. nt AR A7
B A 0T 1 28 A7 8 L 5 s O JOE IO 4 B 9 7 B Vi, Qs 5 vt 7 B O B 3
B VK, Qk.,

SR Q01 Ok MINA AN 0, s H 1A F O [BH. Qi 0 45 I %
17 3P YRR, Q1 \Qk 2 O & /5% {4 B i o 28 o B8 FLIE T A Vi SR Vi 5 Bl (1 B
BRG] IE RO, 265 ML 10 A7 47 25 (0 B0 0 s 8 o 88 MG IE AR S A 5 . i
AN T O 7 /1 T L0 8 B9 3 5 Toad 2 o B8 BLE 00 5 5

(1) $54h

W VRS

HEA S < A7 7 TR R M r)



B4

i SR IfAT

B AR S RN E SR

if(Qi[rs]=0)
[ RS[

RS[r]. Qj«— 013
else

[RS[r].Qj « Qi[rs]]
if(Qif | =0)

IRS[r]. Vk « Regs| 1]

RS[r]. Qk« 0} ;
else

[RS[r]. Qk « Qi[ rt]]
RS[ r]. Busy«— yes;
RS[r].Op« Op;

Qil rd |« r;

2 load FiI store 454>

rl. Vj « Regs[rs];

/7 K IS — A RO A5 2

/7B BUR A A AEAS s o B 1 OB Y Bk
/7 1 Vj

/7 W Qi O KR AR B IR Ve B A B0 2
RO AT A

BEAT A7 A7 de A0 20, RIS 7™ A i 45 1 800 1 B 0l 1) 4t

T HTOR BTG IR Qjo % i K T 0 (1 8L

/7
//
4

7/ K s RO 1

/0N TR RO L SRR AE R oo B0 BOBCER) Y i B
/7 1 Vk

/7 QK O 2 i B Vi ob i 2 1 ok 2

/75 A RO AT A

/7 ER T AT AR AL T AU 2R R B A O R B G T G

/7 A TR B QK

VAR NIRRT R
/7 R

/7 VTR B I S A d T X (84 A BRI A e i L)
/7 Afird Bk Dl 4k B

AR g AT S WP (R ),

ﬁSVFﬂIJk&i‘%W@ﬂ%Eﬂ-
if(Qilrs]=0)

; Hh[ l‘ v \/J «— R(*gs[ s 1 3

RS[r].Qj« 0} ;
else

IRS[r].Qj « Qi[rs]!

RS[r]. Busy« yes;

RS[r]. A« Imm;

X T load 454>
Qif ]« r;

X store 52 -
if(Qi[r] =0)
{RS[r].Vk « Regs[ n
RS[r]. Ok« 0] ;

//f (jll’f,f\} 'ﬁ",ﬂ&%dfﬂgﬁ
I0 BB AL s o A B 5 S i 2 %

/7 JGIH Vj

/P Q) RO, KR Y EITGE g LGy V] 0 RO 2
77y PR BORAT A

/ MEA T AT A A B 7 A B A O R Bl 1
/7 HEE PR G Q)

BT EAY

A TR SUIRAT STV |
/7 EEF SO R I 0 RS A R 28 nh 8R ROC A

/7 JE Y TG g OC Y S r A load 48 A 1 bR A A7 8 r BT
/7 XF IO B A7 iR S I, LG B ke 1 AT ML B

/7 K Al 1 RO L A A

1o /7 B R 4 A0S P74 it BUE store 2 pj 8% LG VK

7 HEQk Ol O, 4R TSR b B OGN Vi s B0 4
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else /7 AT
RS[r]. Qk « Qilrt]| /7 YEAT 2747 S40 44, RIHEHE 7 A 1% 5000 10 O B il 1) 4 O A5 i
/7 e sy Qk

(2) $htr
® PSR (s

AZKM(RS[r].Qj=0) H(RS[r].Qk=0); /7 A DA RO 2

ﬁ AR A RN B BT, A L

@ load/store §§ 4>

AZA(RS[r]. Qj=0) [L r WA load/store 2% wh B 51 1) 3k 5
%M’E%ﬂ%ﬁ&mﬁ%u&:
RS[r]. A RS[r]. Vj+ RS[r]. Ay // iFSNAT B AL
XFF load $§ 4, 75 5¢ MAT AL 158 I, I8 BT
M Mem[ RS[r]. A ] 80 ; /7 At & b OB R
(3) H&54
O TF s B 4 Al load $5 4

AR AR v PATAS A, HL CDB % .
Mﬁm&zzw@@:m

vx (if(Qi[ x| =r) /7 RETFATA A T A R TR L A8 x
| Regs| x| « result; // [niZ A a5 A4
Qi[ x|« 0] ; /7 LA AT 0 AR A R B

Vx (if(RS[x].Qj=r) /7 RETAT A A 1A G 2 A Ry 55— B4 B0 £ B o x
{ RS[x].Vj « result; // [l 0 B Vi 15 AZE R
RS[x].Qj«—01); // 8 Q) J 0, KRz u M Vi o i1 BUR 45 .
vx (if(RS[x].Qk=r) /7 R TATT A 0 A 585 A S B B AR i x
| RS[x]. Vk « resulty// [z ff § 019 Vk 15 AS5H
RSL‘J-Qk'* 01): /7 % Qk R 0, iz B Vi rp i 54 8Os 4%
RS[r]. Busy« no; /7 BETACY A B 0 2 R s AR A
@ store 5 2>
AZFME AR B e ATES AR, LRSI r]. Qk=0 /7 BT ) B O 28 sk 4
hﬂﬁ%&&wﬁﬁd;
Mem[ RS[r|. AJ« RS[r|. Vk // 8475 AAF 8% ikl store % pp 2% 9009 A FEEES

RS[r]. Busy« no; /7 BRI TR s O K 2 s RS
B
D) M7 LSS A W B — A R R I 0HE A 1 AR 24728 rd 1R 5 20

BN o, DUERER N v s 5 45 0 (A T AT 1 B2 sl @ il ) o WG48 4 r il
(1 F 1 RO L 2R i 2, oRs 2 RO B0 o 1) V7 B 5 W0, o A 8 o R 5 1 el i I



124 $a4E AESRIFT

B (0N s ) g HE™ 2B R A B, o b gt 0 B0 0l v 1) Q TR BE T A AR 1) £ B s 8
W A0 A B 3l v b S R R B RO B s S Ok (IR % Q FEBLE N 0) .
F8 A AT 58 L CDB Gk 4% o] LA S 5 [l R 808 5 #) CDB 1=, BT A7 Q). Qk 1k
Qi P BT s P B 3 (2% oh 88 5L C LA B2 27 A7 8% 4 v LAAE ] — > I b J51 393 4[] i 2% i
P I PRE R R By R W R BN 15 T S g (B I - (B A D A ]
IR A 0T LAAE R A I i S 300 B P07

@ fE Tomasulo 3, load Fil store 4 4 (40 B 577 2 AR A A AN, W&
load 2 pj 8§ 47 45 I ¥ 0, load 4845 of LUAL S . load 5 476" $0U4T " B Be 4 Wi 40 617 2 3t
TEA RO A AR OR A o BT Se e T S A D RERRF — AR, — HLARTE CDB (il
FIRL, 8T LA 45 Ml 8] CDB F o store 45 2 (95 ASRMEAE " S &R BrBeit (7. W
BN B L e R4, T LAty AT A D AR A SR8 AR S A CDB
AT RIS ALERERS . I ERECY i 2 vh 85 00 B Z B S INARE

@ PR TR I BATAT A BRG] 5 A G R K bk A 5 SR 2 BAT AT
B 25 Fii 46 2 AN REIE A SRAT " B B 31X O AR W™ B Be A L 7 e U 8 AS 11 8
GRIE 1o FTLAL A AR 80 09 55 A7 o e A0 EIXAS BRI . A 4.3 15 PR A 4 i
R FED IS B 7 oA 0 B X A PR

b R B 08 i 60 3 B 3 S, R Tomasulo 554 ARG AR @ i PERE . X Rb Oy 1k
MY 32 SO A0 A JE AT A MR, 90 B K B RE R L Uk Ab, DT BB A AT fiE 32 A SR
CDB Sh 2R (W B . B8R nl LUK i 2 1) CDB fH X 25 3k — 25 84 I Jor 7 19 68 1F . 1h
1 Tomasulo 5994 19 52 BURCAS J& L6 8w 19, BT LA £ 5000 00 10 08 K kb, 5 1 4 126 2%
S BL 4  TE EE  J5 B AR L, R T Tomasulo 5535 T 47 o 19 B 4k 5 97 46 1 18 4 A L
A SEARAY o AR, T 2 00 Y b Pk 15, B AL LR BE T B v DL S i AT
S 22 s G X DL S DR SE A AT 1 PR B L AF A a4 DA K Bl A E E B Rk
T L AR Tomasulo B354 I B i IS PRAT 9 SE Al DR B ik 1 3 T
]z 0 .

Bl A Ak PRHILRE 88 T 2 1 TLP f 58I, 475 i A SC AR PRAE L 1 — 4> 6 Z8UAR f 4t fit e 1)
() R, s R THREAT AL B3 S0 Jride o 4.3 WA 43 T sh A b 343 S )y v

4.3 PEHETTWEAR

ORI TLP B w3 A G SE 2 o E ARSI R R Z —. IR R TLP &
2, 55 AR DG 10 1) 24 5908 A, 40 S T Al AT O R MR R L AR T A i v A T
AR TR 2 R AR S (A5 0 n R EEFR N n W) MOAEBEHLR B JEH R L X
JER A
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4.3 AP LHHEA 125

M 76 n-J AL BEHL 38 5 40 A8 A M nT BEPERS N T n £ B A0 3N 8 2L
PEAEE A B S I o S A5 R

@ i Amdahl & ] A1, TFEE AL CPL /N 438 452 051 116 X 5 i A B K

FES 3w A 2 ek JU i 5 Ak 3 23 SCAR 4 I B AR B G0 T 80 B R RE R g 52
3K 86 Jy e v T SR A TR B i UG B S o S BRI A TR L B G . AT i iR
fi 0 sl A5 BEA 10 S AR BIG Jy k o X BE y H E AE AR Y 28 A T AR % 40 S 4R A ik 2 i R Bk
U R AT WAy AT R A TR A, T 4 SR A R S DR AT G 1
) A A 3 07 Ak

O3 3¢ N 0 AT RCPE A AR 1 AR A ifi EL S F0I0 L A AN L R O
SF SCOTRIABAT % V) e F . e SOIF A I el AT K £ 0 &5 K LTI 1 3 R R 5 g
(1)K A2 SR I 5 15 D] 2% Dol 11

R H 1K 86 By 25 43 S B AR H AT WA 0 43 SR A s AU P 21 4y 2 H
Fs i1l (A A ) L BT akE B g i AT G 3 BRI K 2k A5l

A5 3X 3 7 3 s AR LA A DG BRE o) B30 o] s 43 S D S A L L DA R ] AR
P 1 A KO FUIN 3 S0 e g (BE BRI FE A ) .

BEA A P AR DR I A 0 28 WURORI A0 B (48 4 K B, OF S — 40 ik
P RTGE A W 4.5 i, SR T REMR A MY, T A PAT BN A H AR 4R A
TR B 3 DR A 7 ok

15y S 5

i+l ] i+2 -

4

5 &

i

— =

- ST TR A\
- BRI TS B
[l 4.5 4 S0 AS B 0y i () ET P T o

pHl | p2 |-

KRS LR BHT

J¥ D 4 (Branch History Table, BHT) A7 It FR A 43 S 70 28 8% ( Branch Pred-
iciton Buffer) . 3 J5 4 ok i ] 5001 2l 45 70 WU 75 ik . &1 BHT K sk 4y 3046 4 I
AT K EOILIK BT B0 (D sl AS B2 ) -4 e R AT 300 . 4 B 30 s 4y 48 4 f
UKW Dy s, BHT v RSG5 (R 407, ik do A7 BB o Sk 7 45 o 000 v o i i,
R A, RV ke T s D3 sl AT IR 9 45 S W, B2 20 S BN (K PERE S n A (n>2)
A3 SCHUIM PR RE 22 AN 22, PR i K 22 B0ah BEL S SR P G 2 4y S B . R i b A 49 Rb
HE,



12 P4 A SRIFAT

W {37 3 Sl 1 f AR A B e e 4. 6 FJI Ao Hob 7800 FLO1 AR R, AUl 43 3 A B
Iy A6 10 UL AR, B0 43 3 ) . %%JLL' (Y J 53 SR 2 I S PR A T A . il
W, A6 VAR AR (I 43 52 Dy ) 1900 5 158, B 43 S 48 2 10 S8 bR PR AT 45 21 O A il g, IS

ZORZS BEFE R 10 o] DA, LA 3% 250 9 T 8000 5 0% A 2% 00738 AF 4 3 25 1a) i) F
B, £ 11 PR AR 14 2 3 UK I A 5 R A A Ry 00 (TSI 43 S AN B )

A ﬁ‘ZIJJ
53 SCHM 53 S @ @
W% T - s %]

5| _BERR

e s T @”*”’w’ P
A 53k
P 4.6 SRSB4 % B AL 1 BHT AR 4 % e

WAL G S T B AT S 2 R o S U AR S B S 2 o S S A Bk PR Y
Br(1D) i AR B8 A BHT 52 10 (4 5 8 1647 43 S B0, 558 2% = i)y o™, R 4 5k M4 %
FUBR Mk RO 25 18 45 4 o 55 00 3R 2 RS2 PREAT 45 S ke, an 28 & B0 A JL ) o 4, sk
YA BT SRR iﬁw}(fi'&‘ﬁ%fwm O, B AR 2 BUBCRI SR BT 46 S K R
B, JF o) — %1 S AR LRI W ARG B, AR B 4.6 AR AR T
B,

16 BHT Jyikrh, SURF 0 3008 & sl ib A7 Sl , 4 43 32 H br o hk 845 S0 285 A
PIE FUATLE LU R B0 AT FH 0008 43 Sk 75 B 20 i 3 18 s 1] K 2 43 52 H A st il
ot (RN ] o A6 TR S5 Bz uini K2k b, tht 1 0 0 SO 5 0o AL E 3540 52 H A i il
il i H IDL 76 T LA BHT J7 i AN 23 85 i i K Sl e A

FELE KW 01 SPEC89 M AL 7 R 156, K/ 4 K i) BHT [ 700 o #ff 5%
82% ~99% , I H. Y5 K/HR K55 K BHT (8 fEdf R AHUT . Fr A — Ok, R JH 4 K 1
BHT g ] LA 7 i e 28 1 — A5 B oy 0000 ofi: %6, oo 2000 R P 042 2% 14 0000 Jr 3%

BHT wf PABR 3 345 % — B AF L AE£5 4 Cache v o o] DL — B & 1] R4 Sk S B
QR AT L A IR B B AR g s & B Ok . WS & i AE UGS 4 10 R 5 45
A bk (G C AIC 12 43) Je il BHT, it 7 s 4

4.3.2 FHAHSXZBRERF BTB

A6 PERE WK LR Hh 5 ) 2 7 22 3 i 00 Ak BAIL o, B of: b 0000 43 S0 AN i 8
ﬁﬁ%&’ﬁt LSRR 2 U . VF 2 BUACTK b B % A R RS I B R REAR AL 4 ~ 8 K454
A i B LANGE Jp SR A ) JSRNE S S H AR S AR AR 4 S H AR A

AT RTE S BEWKAORBE, BHT J 2 JE 46 1D Bodf BHT JE47 5 ], B LLAE 1D B (i

AFERENS AR50 S HAR M bk (A5 1D B b 3r i) 0T F 248 4 Ho bk (46 TF B35 )
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DA K T (1 5 S S TR A 40 CRD A TF B ) g Tk 2 5 8L B 4 2 ST R
al LABE /P R 0., BTB figf9: iX i, BTB j& Branch Target Buffer (1455 , e 044 B
Sy X bRgE i g . BTB A7t PRl 43 3 H bR Cache

BTB (W45 M Wi 4.7 s . o] DU E & BSOS T T T BEE S BLIY — gk &A%
IR R A AT A T B BRA TR A R ) A S AR A T b T £ g S H b
B AP B % R R VC IR A R UG A (1 Tl %R A R Y BTB
FITAT 300 (A5 — A FBEEA T Lo, A AT VLAY, AN R A R iR 2 B E K
PHA T3 S, 40 s B PR Lo SR o A3 S H A i il iy DE PG 5
A By o T R B AT DS L I A A Y R a4 S (B R AR ) K
AT

MR BTB S, £6 70 K2R 45 A~ B Be i R4 7 6 R DG 4540 LI 4.8 ok . i - BTB th
FE RO S AT 1 19 i 2 45 A i it By DUAn S S JiT 48 A i Hb ik 5 BTB R 2 -
BEVCHC A 250 12 DC i 300 v 585 A Berb i Mo ik 26 45 PC 2 A7 &, A3 S HARAR T IR
HCRE A o S e DA 25 A AR o SRR L T SR O R R B AE BTB i Ay L
B (R0, D) 2 A7 & /0 AN Rl S B 0 O DAL Ol X I S SR BTB rp i I X AE 9
AN RR R i L R 8, ) BTB (i 3 i 17 48 e e A5k R 4> T DA
48 2 SCEEAR D Yy — A I R AT

| MR A bl |

R , o
Huht i | R 43 3¢ F bRs bk
Y
TN AR A R KA
) T ’
ST T et A AT
' Y

N iZAR 2 I 5 %, T LY
53 L HARBHEAE A F— R A2 IPCHE

4.7 BTB 454

LAV HN TAER R T RENE O B A A R

BTB (1 55 — F JE X £ 40 3 H AR 22 ob 88 P A7 — 2 ol & 2 5 00 X H As b 19 48
AL A EIAER T L Hes b hE AN LT, X EA 3 AW
614 B Ak o — S 0T bR ib 3R A3 5y 2 H AR AR (5 A R T DA — IR I 4y S H b b i &2
AR A XM T 2 U Ak B AR AR AT % B S aT A AT B A 4 P & (branch
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4.3.3

B4 fFSHIFAT

|, i
WEAFES FIBTB

Y

IFBE -
N BTBH{F1L Yy
VCREf i ? ‘
\
i = . S S —

‘ N Y VABTBI S 7 BAER
| % 33 H AR RS PC
gL Y |
i 2
N .—";ggtﬁ Y.

i I R
H= |
FHIPCHFsE S H b | | D XTI, GiHR !
- st ABTB, f | | CHUOHRR, FEMSS || e maniem, gk
BB Jo B AN RONRMAL) || gE e, foa
R4 . MBTBH M B4 i
Wb st

P 4.8 RJII BTB T HETT IR 40 1AL 98

folding) LAL o B D0 T DA oA 92 B4 S 3R J0 2% 15 73 32, 65 % A7 I ik ] LAl 3] 4 4
BARAFIY
F4.1 XHBTBGEMER THEIR

A (¢ BTB 1fr Ly S By L 4 R N 19
b j'eY]] i8] 0
HE W) N 2
& 1) 2
i NI 0
EFEAREERIT

37 22 000t (0 Ak AL R L L Bl s T S 2 O 8 SRR L SR 1L O AT T B
A JE AR S AT — AR AR S . IR C 2N TP R E L ILP 1y — 4> 3 %P
fifo FTISPAA T Cspeculation ) fE AR & M fiff ke #2541 SC 4 1) 82, & 00 43 346 4 Il 45 R k17
B 0, B 0K A5 A £ SR T 3 A A I SR AR I U R A TS 2R 4 A
PUR AT 7 2 B 25 A AL 5 1] 81 725 A7 4% sl0A7 il &%, 107 A2 808 — 4~ BK 8 ROB ( ReOrder
Buffer) 2% afas o 45 SIAH LY 45 445 20 61007 (commit) ( BIAG 92 WK AT 10) I
ARFEE RS A AFAT e A R . 2 T LSRR S T AR A I R 04 L RE S K A
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J5E A 11 B b (B AT 1EA T AN T A R )

TR S A A 3 RN AR A TR

o FAEySCHM L RS GEHAT RS

o E PR G 0 25 S 0 A R 22 i I b BAUA T S AR A

o JH Bl AR 6 S AS B (1 45 BI A G SR T R AS B U

Joi 17 BV 1 1S T T AE Tomasulo B2 35 1 JE il B9 . PowerPC 603/604/
G3/G4 MIPS R10000/R12000 .Intel Pentium II /Il /4  Alpha 21264 fil AMD K5/K6/ Ath-
lon “5 4b B 28 v 2 B () AiF IE BA0T Tt 0 e

X Tomasulo 553 i EAY™ 7586 0T PA SCRE AF S FRAT o 28R, B 01 o 5 4 A 0 i 4
J . A Tomasulo B35 545 RS 2 5 U E({ HEEIT BRI . BUAE BN
2k ORI A 58 B L X A8, a3 B S AS ) ILI/J SRR A8 A N (instruction
commit) , 528 LT BT IE AT TR 25 i‘J ROB w1 Jfifiif CDB fE4§ 4 Z W) {L i%
ghR, ﬁ\m}«FH@IJJJ%’;A.*H’HW%LHI AR L IX SR A I BT L BTSSR T L AR
AN BOEAE 7 SCAR 2 A H‘A&ﬂ,XJﬁiF/fW‘B’JHW‘fM? TN fE1E ROB
(0245 S0 S AF A7 f SAF Bt A% (L S 1005 100 S840 7 2 00 %o 18y ) o LA SR R BT 1 o) 43
S S R I R R ISR AS T AR A JF IR A% 4 S8 A Y U — S I AR T IR T B
AT

S AUE T AR VP4 2 BLT IRA T, A SR e B Y U 8 . OF FLPEFR A #ifi A Z i AS
FEVEE T A ol 9K S ) FR AT L W g S MR A s A A

RS T VE SR A i e 4.9 Tk, S 401 MH, EE RGN T
A~ ROB ZZ ph g . ROB Ji O <2 3R i 5 P17 17 158 0 00, B A 45 2 384 52 LT 2145 2 bl i
PNIX BEIRF ], S 48 2 IR AE B . F A6 i B ST I 45 4 Z Al )2 i i ROB (4 3% 45 LAy,
DAL g i 1 $AUA 7 1) 4 2 AE BN T 2 SRR A7 48 (W . th T ROB 518 4.1 ) store 2%
phas AL, X HLE store 22 ol g8 A9 DI fig 5 I 51 ROB

ROB ol B — 3ty LA 4 A7 Bl

o FEA AR KA A RS LA A (store £5 4 B A7 BRI TR

o [ hpHuhl: 25 454 PRAT 45 BN H A H AR 2947 885 Cln S 2 load M ALU #%
) ol A7 fif a SR C I HLhE (WL S store 454

o BT B TR AR AR5 2 TS BT MO 5 348 215 51 H A

o SRZE TR AR R A R U8 AR TR HLBUR C i 4 .

(6 HTIE A T LT 1, Tomasulo 5735 b {3 B8 3 H’Hﬁu’,lﬂﬁﬁﬁm ROB 3k 5¢ W11 . iX
FE PR B 1 AR R ASUAN I A48 4 3 8 245 A JF B R AT 0T 1E] , g 48 AR A7 15 55 45 4 14 1
BEER TR AR A A6 B DA AT ZE ROB v 47 M0 (19— 350, %o $0047 4% 4R S 1 ROB
I H i 5 75 A BRI i AR Tomasulo 5575 BB AE S FHAR B 356 00 5 L 3 82 0K e (% 59
st L SR S ML 25 1% 45 4 1 ROB 301 (4 b))
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vy
ROB‘, |
MR A Bk [
| T
!  wems %
iﬁiif A L 10
B | 7 45247 PP,
b7
load/storef%1f: ! I
Y T | — N
b bk
| ILhI'.""Bﬁ | i {ﬁ{’ﬁi&ééﬁ
Y ) ¥ N | o
16 ! -~
load | 5 HIEAL
I e e
# 2 3 i 2E @
1 1 b 1 i

store¥tfli  storedbhil ! | ‘
1 load %4 I MBI BER(CDB)
Pd4.9 AT Tomasulo 595 IR LK BT ST 19 77 L0 11 00 45 b

&
=

A AT PRAT HL R, 452 09 S0 7 20 R AR s (T, JX S8 5 BRJE £E Tomasulo FY
AL G, S Tomasulo ST ALY EAE A T LAY 1) .
@ itk o TE G A B 9 S B 2 4 W S A 5 IR A B ol (158 h o) LAY
23 I ROB (35 b) s it th i 4 4 U AH I 19 5 S0 A D B 3 r F ROB J5i b
B A i 45 2 i SRR B C A2 A7 4 5 ROB Pt 4, 40 (1) 2 AR R I r
v B e FED TR B R EN L 280 . ROB I b (1) g 5t B0 A {4 B
r, DASEDRE K 2 0% B 0 i A T &5 i B CDB B il DLATEAE M AR e 15 5
oy, ROB 23 , 5% 1 3 B 5 4, BLEE AT A8 A 25 TR G 3,
@ PRAT . A AAT A B A 4 R TR R AN b I CDB, X — 4 K il RAW
Zrh’f)é YA ERAE B O A PR B b R g S L T LA TR AR A R 1E - load $5 41
PRI I 53 A 58 B (AT ROk 153 A ORE ) | store 48 4 FE 31X — 2 WUUEF A7 %80 hiE
&
@ BHFH L CREER T T A IR A B ] A A A BT 4 B A B9 ROB 5
S5 F| CDB |-, %8 CDB LJ@J ROB DA K T 47 R i 25 SR AR 81 i o SR 05 Bl ™ 7k 1%
SRR R G store 55 S AEAHT B g B, JEER VAT He 55 9K (55 Tomasulo 3536 A ] ) - 41l
G AAT At A 0 RO 28 s 2 L 4 R S A SR B 4R X store 1541 ROB 151 5
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W, 5 Wi CDB, # #IRA Eodi /5 CDB 1 4 2% th ok, X i A8 25 A 2r BL 45 1% store $i7
2>t ROB Jji

@ ik, X — B BRIy AR A ostore $5 4 DL R AR 4 1 Ak FRASTA]

o X FRRIT 4G4 Fil store 5 4 LIS AE 2 R UG, 2 %45 2 51 ik ROB BAAI 1Y 3k 3
N FL G e 0 20 g 4 ), st 40 3% 45 1 5 IR A 10 H bR 25 A2 2%, 91 AL ROB i il B 3%
54

. XJ store §§ 2 MUALF Y T ZR 0L, FUE B IR 45 R ALl 4% o

o YU HT B 4y SR A 3K ROB A S ) Sk FIE, 84 % A R UR 0 IS AT T .

X E W25 ROB, Jf A S48 2 10 05— A 40 S R R PR T .

o VI G A 1 4 SR A 2058 ROB PRSI (1 Sk I %45 2 AT e e

— H AR A1 3000 A, 8k B CE BT 1B ROB 35, Y4 ROB § BTJL,EJEf'f Ik 46 4 0 Ui
tH EL B S R R K

Bl 4.3 {BCBTE ALY RE R 0 A S ] Ay i 2 A e R R 10 4> i s
W1 BR G 40 SRR R . 0k TR i i AL B, 45 S 45 2 MUL. DO RIEE 6 oA iR 25

L. D F6,34(R2)

L.D F2,45(R3)

MUL. D FO,F2,F4

SUB. D F8,F6,F2

DIV. D I'10,FO, IF6

ADD. D F6,F8,F2

& Akwémwmmm 10 ff 75 . X454 SUB. D R4 2 & A758 b H 55 8
SEF] MULL D 3 2060 A5 A RERRIA L f8 81 Fn 27 47 23R A 5 Tomasulo 'ﬁ&:%(fﬁ‘lfn
"E'%ié{u fﬂxlﬁln’ut Qi Al Qk “FBL LA Mo 7 A7 # AR 8 F Be P A7 1 & ROB J0L (1) 45 5, 1fif

PR B A o T ELAE PR S P B T Dest “F L, X S Dest F B4R L HE A
ROB JURE $ iz 08 B i 7= AR 4 . #x 4 ROB I x A i) B501R 7 Bt .

€ 4.10 1 ,ROB 11y 2% load 484 U028 58 B0, BCAEAR B HUJE o 1 (0 F 3 . JL4%
SUB. D il ADD. D 484 6 % A7 #1A (5 2% MUL. D Jeafiih ) H &5 R 2 4™ 4 | e
ROB 11y Value 7 Bt , o] LA HoAth 15 4 109 U585 4 %

L U] 7 SR 4.3 B, AT RAF B IS $RFT Al Tomasulo B35 (1) — 4~ 1 2 X
i), BV RIS BAOA T 3 e G R 1 ROB S B 1 47 4 (L7 56 B, 11 £F Tomasulo 85 7 v U J& nf

DAL € WA . A6 b 16 ) 4] 7 o, MUL. D23 — 2 g R BN 1048 2, LS 0 15 4

SUB. D .DIV. D I ADD. D 5 AfEEIBIA . Bk DIV. D 454 5 R BT I 1] 1 T % A
SELHRAT L {H SUB. D I ADD. D &R 58 B T H0AT (kR 28 8 — 8N 1), E11#b
S TR (45 2 AR NS, A BB AR B 6N . Wi fEE 4.3 f L 4/E MUL. D 45 4 Bl 5
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Fawr fFPRIr

ZE UL ,SUB. D FIl ADD. D $5 4 #8 L 48 23 o2 i 1, J LT 52 L o
o {4 57 0
Y FK Busy ‘ op Vi Vk Qi | Qk | Dest | A
Addl 1o |
Add2 no
Add3 no T
Mulil no MUL | Mem[45+Regs[ R2] ] Regs| F4 ] #3
Muli2 yes DIV ; Mem|[34+Regs[ R2] ] | #3 #5
ROB
i s —
Busy s ‘ K& BRiD] Value

1 no | L.D F6,34(R2) f fifi Ik F6 Mem[ 34+Regs[ R2 ] |
2 no L.D F2.,45(R3) fifi A 12 Mem/[ 45+Regs| R3 | |

3 yes MUL.D  FO,F2 F4 B 4k L FO #2xRegs| F4 ]

4 yes SUB. D F8,F6, 12 [1&#% F8 #1—#2

5 yes DIV. D FI0,FO,F6 | 44} F10

6 yes ADD. D F6,F8,F2 RS F6 #4+#2

i TP AR IR

TR

KO 2 r4 F6 F8 F10 . F30

ROB 5 43 & 3 6 4 5 o

Busy yes no no ves yes yes no

PA4. 10 il ST MUL. D DA £ B 3R ROB (4R A&

T A s ST i ROB S8 1 45 4 B9 F 58 B, T LA B A AL HE 98 35 47 1 B P 7 7
11 HLGE 0% 52 BUORT A 52 o A6 LR ), 48 4 MUL. D 518 %%, oA T RLIE, 2
LE R EHIE ROB {3 7, 15 X5 2 5 #E 7 4 21, [5) B K 35 Bk BT A7 IE AR SRAT R 45 4 .
DFERE S B0 7R B SR . A FE ) 4.2 (1) Tomasulo 35 9% B 1] 1 +f ,SUB. D #1 ADD. D
&4 7€ MUL. D j=/f 'ﬂ-”“'zﬁﬁiﬂua’éﬁi F8 Fl F6 (SUB. D 1 ADD. D 4§ 4 i H 45 25 f7
) RN O L p B G T R A S S AR

\a1_'FfLFﬂgﬂ*mﬁf&fAﬁﬁ’J&*%rtXI«%,H B AT AR A 5 A ) 3 R 8
FEer FIAERONRE G o 2P b i IE A F T ﬁ?%ﬁﬁ%ﬁﬁxﬁ,lﬂﬁL&E J¥ i 4y
SRR AN 5 UM B 8 P 00 37 6 R 3t A 0 RE ARG A, T DA R 4 4 A TR
S BEAS [v] 1 AIL 25 8 02 4l FHT A 1) 6% 2 1 2

AT PRA T 1 2 SR R Tl 1 R K & 2% . Y5 Tomasulo 536 AH Fb, A1 S 17 T 16 45
il J7 WA A 20 1 DAL ot A A ) 2 A i T i 2



4.4 g%l "/Ilzbflll&'/f\l 133

4.4 BEOTHEA

107 7 24 14 £ AR fiE fJZ{Jn SRRy € RN I E Mljt":rﬁl’}’lfﬁ'ﬁ' fili CPTJEn]fig
IRFN T EAERS B SR A CPT /N G {H G 2R A HO ) — 25452 (R

) L CPLEEAS Al fE/N T 1, Qi AR E — 20 P @ pEfg , i CPT /J 3: 1, 5E 20 % 2 0
HEA (multiple issue ) | 5654~ 60 0106 11 25 A48 4. VUL th 0 25 9 e Ak 0L AT 9K
I PR AP 4. 11 B

% i th it s el
I 2 3 4 s 6 7
o 38 IV 2 Pl I _IF | ID | EX |MEM WB i 1 301
12 3 4 5 6 7 L IF*ID}EXMEMWBl

I, IF | ID | EX ,MEMj WB | weEm b 7IFL7; ID | EX MEMI WB| |
I ‘ lFriID‘EX iMm‘WB xJFv_:P EX [MEM| WB |
s ' 1F | D | Ex MEM| wB | LIF | 1D | EX MEM| WB
IF | ID | EX |MEM| WB

| | IF | D | EX [MEM WB |

e F | D | EX |MEM WB |

IF | ID | EX |MEM WB

Pl 4. 11 O 2 00 1 Ak PR PILAAT 48 4 i I s

200 A BRI AT R BE A XUAK < bR BT (superscalar) FLEE K 45 4 F VLIW ( Very
Long Instruction Word) , by et 7 1 AN I i J) 390 30 11 1 4 4 2R BOAS T8 AR 1 HM\‘
MEOLME , A A A ERR S XA ERCY o s iFROZ AL n-Wi th o X T A5 i
BEAL BB o] LA 3 G 6 4 E A7 i AS R, i 0] DA Tomasulo 5334 iE 47 2 4 ‘?ﬁ
A5V B 10 R b e A BRAIL— AR A T AT T i Bl A BE Ak BRI — MR AL AT

L5 bR G LD FRAILAS ], VIIW b AL A S5 > 06 ol 00 00 £ 70 48 2 2% IO [T 7 1, X
S fg A M — SR K AR 2 sl R AEX AR A 482 Z M A IR AT R 2 dE a4
A N U s R 11 L X R A BEAIL I i 2 R 2 Rt e g o R A 8 LI
lE’r/J\'wSLI‘i‘FfJL L5 VLIW &b BRALAH AT P AP0 AL
D HE AR WSS A R DU WYL O AR BRMLEE A AR R — AR S RE A T
}J\Ir/f\ e L TR HES 45 4 k0 A R

@ PP i AT 28 aek S 0F 2 1 Xt R A b 8 4 0 A7 0 R AR A AR 0D R T Y G R 4
A AR o] LIS AT, RIS IT IR AS SR b . BRUGR BRI BCR , ik 2z — ik
S AT 8l 25 B b i e R
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4.4.1

B4y RIS

A A2 BT BT 2 B AR e AR 0 A LR T A g b B
BLEI T
F42 EHESHRUBRROFAURKAXLERRALEN

it RIS ) ) o
5 A TS 2 S A At #LHL:
% R sk | K
MR (A | Ak | BEfE | A T P 7 Soum HlkBPARC L0
WhER (&) | Ak | s | sk WO RLIFIAT | IBM Power2

o . Pentium Il 74 ,MIPS RI0K,
TEATAFIN | AT A

HUBT Bt ORI ) s | omiee | Alpha 21264 |HP PA 8500,
' AT LI A T -
IBM RS64 Il

_ _ . ) it i f o
VLIW/LIW A Ak i A S e e Trimedia, i860
el IR SRUIEN
o o e N I | B <3 ¢X & h= )
EPIC ] THEERE Itanium
i & AL o M bR ok

ETHSHAENZRHEHEAR

L TR (1) A b Ak B AL R A B R S 0T G 1 ~ 8 R AR AL AE A E I Y B AR B AL
PR 48 2 H Pyt o A7 11 i 5 G0 #S 76 IAE 1 IR T, ey s A G > A o 1 4 4
Z A A AFAE R LA B HITI 1 2 S EAE AT IR 2 R AT R o I R AE Y i A
AR 2 F B AR R AP A AR ah e B 208k B s A Z i s 4

B4, — A~ 4=t 1 A R R b e AR BEAIL, £E IR A B B, U K 2ok IS AR
PRICE) | ~4 25452 A8 — D IE B BN L X 2645 27 o] BB I 2 AR RE oL 1, o v] i 1L
A7 BT REIL o AW X S48 BRI AL, X T AL AT R - AR A ki,
Az AR 2 WL 2 S Eﬁ’i%bf TEPRAT P I IS 2546 2 77 A 5 0 i e sl 47 B ds
9 IR 2 04% 46 2 AN RE IR M o X SO ARG I AE Hy U0 AR SE BRI o bl T sk S G e A A
A MELAAE — A I b S 0T P 58 B, i A AE VT 22 1 25 0 32 1 B b ek Ak BT AN 5T A 8l 25 lFLL
1 'g"ﬂ‘fﬁmrﬁﬁsﬁ‘i{%z/}'ﬁi%5/\‘2)21:.7]( LA AK I A EAE L Bl v PRS- 4
HOEA T30 AL N of 2R I, 328 00 A0 050 o] DL HH S A 1 A6 2 BRI T -fu['fJ
*“/‘ lF{lf}UJFI’J‘f“A“Ef—H‘P‘E

0 17 A AL LI R A U B T RE 2 O AR A K AT, HR4e
iﬁf’hflﬂfi}}jﬁﬁf‘iﬁﬁﬁ%ttﬁﬁ%ﬂ@,fﬂ.ﬂﬂfﬂlﬂ'-‘%/} BURARMB AW 8 1. L R4
Uit BAR o] G823 1A BR i 8 A Ak BRAL % IR R 2w i — A R

Gt MIPS Ak BRBLE 8 b ik 7 o0 AT 45 S 2 G RE e BB A A it b J 00 o) AR
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W1 ARBOBURAR A L RTE S EAERE A T load 482 (store £5 4 (73 SCHR A MK
JPEBONEE A L ST B RO AT L SRR A FPE AR S I A TR T AN
R B AP P R I 4 o X R C TR HP 7100 A0 BEAIL R 0 £ F9 AR A ABL, Intel (1Y
Pentium A7 JSRLI A58, FUAS 1k & 2 B o 8 502 53 10 W 66 b ik

g 1R A I sl JE A IAE L 2 4 L AR B RR A (] I IR R 4R > (64 1) L
SRR I PR N A5 HE A (64 ) o AR A AL FRALER AR 3 AN 2L 3R 5B AN Cache R
W 254 A L SR At W L2548 2 nT LI (0 Zf ~2 2R 482, I F8 B AT A3 B A 1Y
IREFBAF . WM Jr 4 238 LA Y 92 B 7 HIOE Z 482, I S AT A PRl S 2k &2
T o PETE AR G A PEAIL— O T i 2 BUBCRRA R B 416 A2 08 19 45 2 1A

KT LA T PRI R A s b SRBLAC 56, o 5 A I i LU ASE AT B, DR 1 2R RO iR 4 +
I ARTE AR AT I mi AR TR 2 BOAR A I ph e S e AT B AE Y R
TUpE A 25T A load [ store sl move §5 4 IO . X I A7 AT B8 23 4 H PR 25025 £ 43 i 11
sl # R RAW s 5 # Hh BEAE T I — 2R 4 4 8006 MG T T — 2% 45 2 I i fie

TE XA R Y AR AL BEAIL b 5 2 ST R I s L ] 4212 itz o i s i A7
()77 10 A8 2 A6 IS LA A, JEERA 7 IRF (i) Ay 90 4~ I oo o 40 A ] o UL, I 4. 12 rpr i ik
FURRAR A A TE AR A W AR SEER Al RRAE VR AR A e . AP T LR
L0 B I S B F A7 0 2R BOWAR & F0— 2R TR AR 2 BN 40 BIHE & A 1R K 2R
1w s

A K ZR TN B

i3 €ty o ( EX | MEM | WB

IFAAR2 IF D) | EX EX MEM WB

3 C ks IF D EX MEM WB

TERidR R I+ D EX EX MEM WB

% Ciriey I D EX MEM WB
ST ' IF D EX EX MEM WB
LY SRS IF 1D EX MEM WB
e (e _ ‘ IF D EX EX MEM

Pl 412 LAt A AL K R A i ST T i A

XA XU LR A AL LR R o 1 AR A R S M DE i A SR
PR AU TERE Sy 0] BACR IR K P2 i B Ak, ) AR 22 A 2l 57 1) 97 2 0a B
l't A

I 77 TR 22 1k B 2R AL K 2R LB, e 2k RUIAL L A SR 1 G Ak
AT ZR B ROUAR &+ 1 ZR TP 20452 " RAT U HH 10 77 5K o S0 T i R AR D L X

I

—

-/
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4.4.2

B4t fFSHIT

S TR Ay R B A RINTE AR A (AR [ 1) 25 A7 8% 4L RUAS (] 6 S RE R A o S8R, b 4 )
LR S DA T L S, i FAE T AT load FiI store H§ % U 28 B HE BOR 45 4
e BT LA 23 HY BRI A load BTT AN store 4 4 15 TR A0 B AE 4R 2 0T W MO 00, X 2 T B
A TR LA AR I VTl g . R B0 B~ DR A AT AR B/ S 0 1o B A TR
KL 2 1A%, 1] A L B

D3 AN AEAE — A BRI A ek I K 2K 1) 1 B8 A 00 RS o A TR B A K 2,
load $7 4> A7 A I Al Ji 301 1y A0 38, 3 agf ol 10 K BRGSO A T IL 25 SR iy 48 & A= i A
A i A LIS AR AR o A AR K ZR R load 454 B9 45 2Rt SR AN GE B[] IR 3AT 15 11
T3 DT WA RERE T R 01O 0 4 A% 45 2 BT A (I load [ SE IR ) , T LA load
Ja2E 3 FRAR AR LA, Wk 2 ol . FERA B 20 SCEIR o A iy ik i
BRI 2R, o SCAE IR O — S B Y Ry S S R M A T AR - AR AR
JCAE R 3 S I o 1 390 5 13 D00 50 A 3 A b (9 35 4 8 4, JAE SR A WA Il S 40

T REAT R A ] A ik A BRATL T H AT B O A 5 28 R T S AT 80 i R R o
A CE R R L R AS R T X S AR A i B P fE Al ok B PERE LY £ & el fig
R

ETHSAEMSREBEAR

(20 AL FL T, 2 A8 H AR S B i PERE Y —Rh ik o B A AR ULE A B
et v R 1 T R e PERE L i LR AT 0] R v IR A 0 T A B B A G, S A
A {1 0 61 50 A6 4 B o 300 e 22 LGB O 8l — AN S BOBR 1 A — A 27 SR 1 R
5 AU 2l A5 IR A o] LA A5 7 15 2 80 I AS A2 3 AN BRI, 25 20 (4 B ol 43 o T 22 i
et .

B a2 Xt Tomasulo LI HEFT P78, i 22 B8 S HF AURL B bR BE W K2R, XA RLELF
M ] R B AR A O IX SRR AR S, O T A4 R B A R BE RO L i 2
P A SR SRR U SR R A R AR TR AR RE S BRI L H 3 2 R A Ml g
TS A 0 1) B B A4

A DR FH oy — Tl A 8 B0 1y % < 4 B80T JH I R A M 5 IR LT T 0 A Sy
FE, 53 A0 EA 7 Ak B, o A B AT DA ) B O — AR TR NER A R — SRORBE A B 45 1 R
Bk

A PERRAS Y ) 7 15 0T LA R AE R I 8 A P BE R AL BEAL P S B 220 M . B e At
SEAEIXAE D IANPZ L SCHEAE T X OR B l 1 4) B0 RIOGE I K 2R s i R s .
Folv 9 R AE A B B0 B 8 B A R L SR AN IR g R 0D R R AL PR S AL )
Rl R KRB R AL B A A I R ik . BUAR AL 4 ek 4 L 1S
A (1R AR A FEHL 28 H R P RD 5 AR

Bl 4.4 b TSR T Tomasulo 57 32 1 2 3 1 B A 119 MIPS /K28, % L& L F 4] S 4%
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R AT o IR T F2 bt I E] A i A R R b

Loop: L. D FO,0(R1) 7/ WAL E A FO
ADD.D  F4 ,F0,F2 /7 I AE F2 v b
S.D F4,0(R1) /7 AEHE R
DADDIU  RL,RY1 #-8  // 46 £ b 8 (14> %4l i 8B)
BNE R1,R2,Loop // # Rl A% F R2, /5 M K450 7 7

// 5| Loop 4%

AR A 5

(D REAS I A T RE 0 1 — 25 BT 2 AL — 2R VR 0548 A BRIV B A AH DG U 2t dn ke

@ f1 — M HEBERITE, 11?%%( ALU & SR bk 3+ 58, 0F HOA 13— R e 44 26
RUERAT — DL T K AL 1 (72 KD RE AT

@ 484 UL FE A5 Mt A e R

@ BAT B4 5y S A R AN BT 0 TR Sy S SR AR S R A

(‘Dﬁi n«'%fliﬂmmi.,?&ﬁ%!rllﬂi&%i,fﬂﬁiﬁifﬂﬂ 56 KMo o1 XA /\/\7?:52
I, H 24 2 HAB SR A AU AN RE IR T o

© R S5 R A b i LA™ AR 45 R 1 S R A e 0a 55— 4> i 38 load
PRI 31, PR R s B 3 4 S Y

B Z ALY I 3 5 B b o5 AR AR A M T IR AT AR A R B CDB L
Rg[E]8

# ?M’J’H‘T.i%f@iﬂ‘%d}ﬂ.;‘ﬁéw JEH RS st i AR AR 2. o T AT,
SUH T UAE R LRI 2 Ga T8 R 01 4013 iR .

AR

@ store FI5r LA AL G AR B W W ENIAS (4%

@) % F load Fl store Je i3t , 76 P T BOREIEA T4 &b bk 115

@) X T o3 SR 2R AEIA T BOE R TR R 2R R 1, JFA I 53 S 1910 Sk 5 1 4
& I ) R A B — FLak 4, gl vl DA SZ BERE T

@ W R, N AR AT load 184 HY BT EAR Y store 484 Ja Uf ) £7-6if 2%

B4 13 hroa] DUF R SEAR T DLIK 3 3 Fii i 5 k454, IPC=5/3=1.67
Z/40 L BOREE A2 WU R e B R AT ROR AR R L 16 kAT 15 KRS,
B E S PA T N 15/16=0.94 2% /411

IX AR T P JAL AL K 2ok B8 B AN K, JEISE DR A 7 A GE B ALU S8 PR 1 LA

DA il R 3K A ] L HIUJ’Lefiﬂt,n’r‘JEl’JAi:h. G A i g L ALU ) Rk A
M S DIRE T T o AN b, X RE A 23 B2 A 4R A TR CDB (4 Bt S B T
CDB 3a4r, (X4 172 CDB ur R%m)\ B2 o PR L 28 1 JEUAT 45 4 ) SRl |- 14
R BRI REE , RGEOT BRI A 7 St I 84S 0l D A i) S £ 5
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4.4.3

&
=~
4
o5
“»>
&
=

-
3

A% G [H

IR 1 & witl | fhdry | Vife | "4 CDB i, 1]
0 Lo 7PT).()(R1) 1 2 3 4 WA RIS
_I—;A DD. D ?,I;(),TZ T 1 5 8 1 LD 4k R
1 s F4.0(RI) - TTmms 9 1 ADD. D n@é.‘i_' L
I | DADDIU  R1,RI,#-8 2 4 5 4 ALUCSTR G 5.0
A5kt % ALU)
I | BNE R1,R2,Loop 3 6 41 DADDIU [y 45 %
2 | L.D FO,0(R1) 4 7 8 9 S0 BNE 58 0%
2 ADD. D F4 K0, F2 4 10 13 SETE LD YA
2 |S.D F4,0(R1) 5 8 14 S ADD. D [l 4h g
2 | DADDIU Rl .IH.TF ‘¥5 9 10 S1E ALU
2 | BNE R1,R2, Loop 6 11 Z 1 DADDIU [ 25 4t
3 |L.D FO,0(RI) 7 12 13 14 41 BNE 5¢ 1%
3 | ADD.D  F4.,10,F2 —7 15 18 ST LD gk R
3 |S.D F4 0(R1) 8 13 19 5% ADD. D nfjé,';;é
3 | DADDIU RI .1{1.78 8 14 15 S ALU
3 | BNE R1,R2, Loop 9 16 A% DADDIU (145 4t

413 KT Tomasulo FF355 014 XU HYBEAR K 20115 2 M3 SAE T AL CDB I b 43 A

TR AU 2l A5 R K R PERESZ R T LA N 3 A&

@ H BT F0PE R BT 0 A GRS, BeAT FE AR R TR O AR L
I LI Bl 20O B v BOR AR > B

Q@ BAMEHREAP R EIFE K. S RSP AMER L LML . Nix
BRI D e BRIK L6452 o 4.5 0 oK A A8 X B OT 819 0k

() 42 ] AH OC (1 Ao b PRBIL DA 20055 2 03 S48 2 I 2 RIOK TG A GBI IR T — 2% LD §§4
FIPAT o R T 4.3 3 /N ob i) TGS P07 5 ] DA DR 3 A [ A

BRIESFHEAR

A 47 (Very Long Instruction Word , VLIW ) 4 R &Y —Fh 245 29 4 A
L AR AN ] A 2 T AN T B T A A% A ol 2 R T A K A R R A SR PR
AR A Z W AR 1 T 7P, O3 k45 2 30 5 40 0T R S B A0 B op & ek 20 B dk b B
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HEREIEAT AT IO 2 248 S 4L — KRR K R4 . X R 2 72 & 100 Z (78] JL T
(AN <RI R PN A

{6 VLIW &b BEAL — 58 AT 2 A DI REEROF . A b, 45 2 Bl o B 2L
B BEAS T BORR O — R AR ELRE O M S SRR IR A o 1 SRR AT A AT
figk , I 45 A 7 90 op R AT AL A 4 A7 P L DTS S R PR AR L X RO AT P A
G o AR L AR RO R T, O AE T S 9 A vh R AT R A 8 BE

£ VLIW 4b BEAIL v A7 i Ak B ALHS 4> 40 HE AR 2 b 2 0% 88 58 IR L & AN T 48 A ik
Ak FEL P T4 A I L s ] o RO DAL o e A TR AL R N I 9 T B
B, VIIW 52 A (1) O 53 55 i 4 4

Bl 4.5 fis VLIW b FRL RG> 1 b B 00 ol [l INp 7 i 5 248 2 ISR U (F 4R 2 O
ZRUF SRR A M- SRR BUE A a0 AR A L XTI 4.4 R I R SR T IS 19 AR 4
HEAEZ VLIW p RS 1F 81 . A% o S 6 A i 2E R Al

@ AU A 4. 14 TR

Vifr 4 | vifed 4 2 PEAE A 1 PP AL 2 R AR A

L.D  FO,0(RI) L.D  F6,-8(RI)

L.D FIO,-16(R1)| L.D FI4,-24(RI)

L.D FI8,-32(RIl)| ADD.D F4 FO,F2 [ADD.D F8 F6,F2

‘ ADD.D FI2,F10,F2| ADD. D F16,F14 F2

ADD.D F20,F18,F2

S.D F4,0(Rl1) |S.D F8,-8(RI)

S.D FI2,-16(R1)| S.D Fl16, - 24(R1) DADDIU RI1,R1,#-40

S.D F20,8(RI) BNE  R1,R2,Looj

& 4. 14 PEFIEIFIT I VLIW AL 1571

X BRI s AT IF ]y 8 A b S0, 0 261 1.6 AN B e 8L 8 A4S
JRBIN T 117 ZR 484 RS I BRI 2.1 Z o 8 AN el S 0T S A B A Al 8 x5 =40 4,
AR ) L8]y 42.5%

AR LVLIW WA fELL R 3 A ] i

@© FEFACR LR . A AR BRI, — A& T S IR T
AT B K PR BRI, 05— A 46 27 b AR R O e SR O . HOR G R AR &
SR (7 2% A R A 8 S AT B, LG 2 U B 0K S HE AR 4 BB A TR PR T I 05 0, X it 45
A T g AR A B X L (1 e AR S VAT R PH A R, 3 s s ) R 9

NI PRI A T AL, ] R AR 4 65 3 BVBCT Bl Jy ik 8 R 48 4 TR 40 176k
JH A Cache u§ PEAS I T 9 )7 2
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4.4.4

Baa SR IAT

@ FJH THUEHLE L TR A ahge K I RE R, U A VLIW ARSR A 5 BEAE HLR
(lockstep) . BIATAuf — A~ 48 44 0 1ty 0457 0 B, 48 A Ak 2 AL 615 8 52 4t , 32 TR O iy A 1Y)
T RE B A S ) AL AR 1 L Y4 A UL H R R A7 BRI AR 22 i, 3 A ) A5 R A S 0F
AL AN T, AEFTIE N VLIW AR #HL S, S DR A s 2 ng b v 1. o]
DA o 35 A 01 B0 A ot 2 G I L ol ok Ao A A UL S AR R AT

@ PLEACHS A A YE . i VLIW o i s AR RS I i 78 20 R HT 1 48 4 R 4
AR AR IR K 2R 28 K 1) A4S (LR A 3 80 ) B 8O0 AR 3R I i) A5 R A ] ) A ik
AR, BT LLAEAS ) 0 B ) VLIW 3130 cp, pL AR A% 22 AR K. Bl i ] — R 411
VLIW 35500 U AfE LA S5 BUAIL 2 QB 10 HE . I dak A B L A 33K iy 1 ) 7R %

N TS R 3 A ), ] LACR AL AR A R 8 O B i o X R RR O 1 SRR T
I fiFE TR T A7 RS AT e 282 0% 6 P Jr 3k

% it H Ab 3 35 52 B /Y PR I

$5 4 22 Uit A PR A7 R R % PR S W8 7 B SR RS BB R B e A S AR AR A
WA AARBESR L S0 2WE7 SCbs b Ab A PR AR I RE D AR e DR
3 AN I S0

o FIYFT IS AT 4G 2 PO T

o i F S B b i R X

o bR AU AR A Ak PR AT AR BR ) .

FErp 55— BT A J 15 S 1) A AR T 2 X K Ak B8 G A Kkt ]
AT AT B AR AR G0 I K2t A T L SRR AR K R HE R Oy 5 A4S I R R
TAJIZ T AR KR AT, SR 5 AR MG TR A48 2 o T H WO, 0T 210 G
FHOCHE 2 8055 i K 2 TR 1 e LA o] B ] sk U AR (e S e B A48, ol o, 2 fdi LAy S5 A4
LI RE AR AT 1R UL K K 70 70 I B, g B2 15 ~ 25 ZRCMOGHR % .

o S BRI A 45 2246 2 A0 TR A B O A B R TR R R A A B A
(LR 2 2548 4 il LA SERRA T e AT Bt o B O 4 ] 300 98 b 4 2 B 15 It e 45 1)
A S B8 R D i ok I A RO 0 O - 7ol < M B L | B v < W (B e S
Bef TG PO A7fifh 88 2 0 R A7 £ 285 15 D L R KB 1, 3XFE 1 47 98 B2 R 0 SR 5 BOK It g
Ik F i B R i RROKE S BO™ A Rl R R B L SRR R T B A R AR — &R 1 )
W AR 4.5 P S A IhfiE G VLIW A BRELP T A A U5 AE 48 2 IR T,
S0 S S A 4 1 T, 8 L AT A g i R B AR K AR L R A A A
(9 80 H 38 I, 50050 48 30— A B8 W 2 0 A7 i 2 e 1T o SIS L8 i as B A S B
PR, PR Dby s ik A 3 g 52 B 1 A7 fiff % (04l 0 . 220 11 2 KRR A7l R LAl R 1 R G
SLAE AT () ZE 38, nl il 2 b b AL I g 2 7 b B3R AR AR 4 2 0 B R BT 0 i 1
S5 ™ T ) A A B
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4.4 LR 141

5464 BT (A b S Tk A S TR AR R 2200 o — i s i Bl A
(14 st A B, G I8 SR FH i 40 LB AR GA S Tomasulo 559, #0441 H. 8l
5 A KRG N T B A R s A AR S R L O — AR g A VLIW
Ak B8 RS A AT HE RO R B (ST AR 2D L A AN A AN (R R A, R Ay s s T A 4
PEARMEAT o 3K PRI it 22 [0 s A (1) 22 508 A ik b R 8 | B AR 4 98 A 114 i A5 0 1 A
Rl = 1) 2l 28 98 2 AL TR 245 5 B2 oA, 3 ) i o [ IRF O A7 38 18 PR 48 4 B eI 22 0 i Ak B
A0 S M S VA O TR R R A s RN G R R B R O MEE L AN TR &R I AU A
AR PR AR T B A DA eI PEREA 2 K .

35 i A Bt AR AR AL VLIW T AT (R BR A o A 50 AN BRI e 1T b
Ab 3% BT AEAE (A (0] 55, %F - VLIW , HoAF e [n] 0 4.4.3 /N5,

Bk &AL IR

TE55 3 T ALK AL BEL A A0 — 5548 2 A T R B2 0 i M BRUER 4 RS AT
FECHER S D ARE . QR IL b 8 R A K B alt— 25 Al 4, 0 4n, 438 A A 4 38 i
(i) BT ) K B, W i A 1 A T ik R S 2R 0 10 UK B . CRE 76— Ak b 3D
N IR A PR AT A A R B AR AL A F B SRR A . X R — AN I 4
JEIA P RS 43 I 3L 1 22 25 4 4 1 A BIUBILFR Ay 3 /K 28 Ak BE AL ( superpipelining ) .

T IR A 2 1 B s et Ah ML 3 3ok o A 18 22 000 A 1 e 4 i PR RE 10, BRI 88 22 S I
FEHERE BB Z AR AT DA A R TR ORI FE R TR, B W s N L
B WREAT o 0 I 7K 2 A0 BRAILIAS ], B By 2398 a2 B 0 | 3 ek 45 350 0 s 17F (1)
FEOPHL S AR A SRR . AR AR S AL R FH 0 S s 8] O A1 TR A K 2 Ak B AL
K I & I ] IR 4 7

X TG RSB RR A n ZR 4R 2 M BER KT R PLR UL, X n 204 A A
[v) EoF 908 H8 1), I B B L n AN b J D0 HE A48 2 IR, SEBR %l K £8Pl
SRV =-F B /S I P a1 D O S R B o & B T A N T TR S e
(1) UL K R TSI I s B i B e A K R TS AL B b Y A AT N s
SRR b K B S UE— A A4 8 - AT K BE TR A 2 R 2 AN IR K (A /N K
SRR R TR B A SR A R ) B AN K R AR AT SRR . AE O R
K B R S B L 25 BER G T LA 0 A — o B R B A B A Ay Ol R
17 IS 27 A S, U PR B PR AN O R R BRI ASAE h WB B
A FEAH I3 o AEAT B GERE EAR 2 i K KRB 8 3 8 DL L I K 4R A BEHLFR A
AL 7K 2 Ak BEAIL

A5 H AR G (0T fal b g5 v SGT 23 W] 1) MIPS 22 41) RA000 S ML Y (i i /K 2k &b
LA . R4000 oAb 3 5 .05 - N A7 W > Cache : §§ %> Cache FI&Hl Cache , 25 B 4K )L 8 KB,
BEAS Cache 180 58 A 64 11,
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ga o SR

n 2 3 4 s 6 7 -
Lo | o | Ex [Mem| ws | O wMEEm
L 1F | o | Ex [MEM| wB

] | o | Ex [mEm| wB |
| 1F | o | EX [MEM| wB |
s F | o | EX [MEM| WB |
| 1IF [ o [ Ex [MEM[ wB |
L 1 | o | Ex [MEM| wB |

(51 4.15 K ER b PEHLI 5 2 PR A T 55

HBOH A S RA000 (140 b RS AT, & 32 BEALHE — A 32 %32 {3 143 FH 27 /7 2 401
—NREARZEIOCALU) L T /BRI F . R BOM A 0 DT IUHR 4 2 B
YEM RS FERAT oad/store BAE AT %5 . 30 T 27 A7 48 4143 R 4> 0 11 o 100 0 — B A
Uit 11, P b B A RO bk 3 55, O 22 ¥ A L 0% 800 50 1%, mT DA B — A4 5 A7 2%
BE/H K . SEAR AR TG — A RO 2 A — A B A A TR T AR B T
ﬂ- i&h l_%%ﬂﬁﬁﬁﬂ’lf%mhfr %{2\-/[?‘?/2&1{31’# ﬁ%?}‘hﬁﬂ I AF 55 FASHE 2545 1)

I—f}.&?ﬂsf*@ﬂ~’\5Lﬁ€ﬁ”¢ﬁ|—’l\ 16x64 {1 fé,ﬁiﬁﬂfl?ﬁ:ﬁﬁﬁﬁﬁo T 05,08 ¥
- AL T DAV AR 32 A~ 32 {7 7R s A AF & o PR SUERA TR A ey R TR A R
B 2 B AT PR O T2/ e 4/ SROF- O BB 55 3 AN B ST (AR AL, e AT RT AR AT T

R4000 452 i K £k AT 8 94, unlEl 4. 16 fr/x . 13X HLHSHCHE 2 BE4i 43 o 1F A1 IS
P AEICEE L A0 7 % DF R DS B9, SN EEUN R TR .

o IF: IR A M F AL, s PC AR 253 s x4 Cache [91J51M]

o IS: AR A )G 1  AEIX 258 48 4 Cache [ [0] .

o RF 52060, Ui n] 25 A7 dv 41 02 OB AR B0, bl 2 K6 00, JF 2 7 45 4 Cache J&: 5
fimtf,

o EX AT, 454 R bk i3 ALU $2 46 .20 32 H bR b ik T8 A A 1 i
i

o DF: BB i F 40 a8 &5 80l Cache (815 11] .

IFB | ISE: RFEf | EXB | DFE DSB: | TCE: | WBR

| | |
[ A | |
fii% Cache Reg| )&= ’ t ‘ ¥ Cache l | Reg
T | |
| i | |
| | |

4 4.16 MIPS R4000 (1) 8 4 i 7k 2k 4% Ky
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o DS HURUE 0 1526 783X 250 O B Cache (D5 11)

o TC R HLAL, HIW 0 B Cache (17 [a] & 75 i o

o WB:load 4§ 4 sl ia 745 4 J 45 15 [l A7 A7 44l .

P 4. 16 v B HE 26 4 n g 2 () 1°) S BR 0 B0V 308 /K 2 A7 A7 i B AE i AV 8 . A
ZI K F8 A1 IS R Rk ol LA 7. AS ik B W48 4 Cache J& 45 iy & 75 RF
BERATIY o X ARG g Ui )45 4 L W R4S 4 Cache s B 446 4 0T LAAE EX i K 2%
AT EATEE Rl LUAE EX AR A 8. X FAAE 88 Ui 48 2 L W& A€ DF 1 DS it K 2%
391 ] U () BB Cache | SCHSAFAf 45 FRER A ( MMU ) 2 £ 33 PR A JE 7K 25 v 8 20040 1) 1 400 1
Tk A e B AE P PR AL SR T AE TC B i 4 B b HE S5 N BCHE Cache o 32 114 45 18
(tag) PEAT LA, FIWG L B b (& Cache AR 5 T (A6 RA") o X T store
SiEReae U BN A A B0 € T3P S NE R ULE A N RN RUIE 3/ e ks € R B &7
Cache 45 500 Joo X FAEAA &R B AE 18 2 #8 WB(H 25 50) i K At 45 4 1 i
Joi BAA Pt S I 3 AR AL

IEHFEOL T, MIPS R4000 45 4 it K 2 ) 25 B an sl 4. 17 T s . — &4 2 i AT it
FEZEDS 8 AT KA . MR K R i At & L B — A OK R R 8 — & 48 4. 1)
FE IR 2t i AL B IR 2R S I AT 98— 2548 4 . M IR K e Bk 0 g Gn 1A
417 O BHE N BT R AT 8 2548 A A IR T o o SR AN DA K 4R R B A S A i b
JELIOT, D0 A i A SO O A I AL T RS A o TALRE A — A IR BT P e R T
MIZRIE S o

) & 3] WMFFCPU I ]

¥ | 1s | R Ex | DF [ DS | TC | wB

iF | 1s | R Ex [ pF | Ds| Tc | wa]

ek
s | 1F | 1s | RF|Ex| DF | DS | TC | WB|
LR ' oF [ 1s [ R Ex | DF | DS | TC [ W]

'1r | 1s | RF | Ex | DF | Ds | Tc | wB |

|1 | 1s | R | Ex | DF | Ds | Tc | wB]|

[ | 1s | rRe[Ex [ pF [ Ds | 1c[wa]
¥ | 15 | RF| Ex | DF | Ds| Tc | wB ]|
[# 4.17  MIPS R4000 (I3 8 4 19 U 2k 28 0 25 &

X T load 454 B0 206 DS B9 A JE A REME S IF . BT (0 48 A 45 S s Sl
i load OK 10 80 | e %2 55 10 90 AN T K 2R R ( e R 7 8l 180 ), dn &1 4. 18 Jir
Ao HTRLE X B Cache S 15 i 0 (0 485 S8 8 ok, T K ER s by B AT I 1%
i o RS R BUECH Cache ARy b, J0 7K 2k 5 25 TE A 04 040 ke 3 I [ 0B - AS i
S AT SR Ak ST T




144 WA ORI

R 3B - — _— —
12 13 s L6 7 1 8 [ 9 [ 10 |1

4
LD R,{ 114 Cache erg} % L M Cache ][ | Reg |

|
T wcachemlr«gl }
R22 54 Cache l ’ ¥ Cache F 1 Rng

P 7#4
| ‘ |
ADDR;, R fﬁ‘q\CaLhc \ m ﬁ[ﬁCache h "

[€l 4. 18 load $57 4 51 4 3L K 2 45 10

4.5 BARRANESHE

4.5.1 BRABRAMBESHENELT X

KT FESY RAF WK R AINETT 0 2580 0 Th 8 W A Ay L T o X B oK 5E 0 O 4
2 ZIHAFAE IR PR AR I A MG 18 2 7 81 b ENE R KK EE&IFAT 007, AT
YFad | A 4> ) A 7 1 du 18 80 A0 di T 09 7 1250 T B0 3R GO A7 P —— TR #4119 AN 1]
BACZ AL IF AT o E SR 2R J& JTF (loop unrolling ) J5 , 3 53 ¥ fiy 44 1 45 4 9 2 R
TREZ M IFATIE . AN DT 1 4 7 88 R T R X Rl OF A7 PR I ik

i PR o8 IUX R R 2 I8 BE U RE )1 32 BR T B A HE P — AR A 4R 2 GO T
TR RETROF I AT HEIR o AV BB TE A MUK ER IR IR 4.3 PR

4.3 FAFEANZARKENER

A R 4R A il A A48 4 SE 3R (IRl ] 491880
Ep g P = RO 3
[EER g i ¥F 1 store(S. D) 2

7% 4 load (L. D) TF A 1

7% 4 load (L. D) 7% 15 store(S. D) 0

o UL L, BT VE S load 54 145 J ] LU 33 58 1] B 4% B i) b % 45 1F 45 store



4.5 JEEFJEIT TS I 145

HE % T BARESR O O b AS TR A P43 o BB BT — 8, 93 B BOR SR JF I 3.23 1) 5 B
MO K 2R, S0 A3 — A LI, 8 oad Fi4 0 384y — A B 90, OB
B HOE B PR A K S TSR TR 0 6 0, DR 5 904 o e —
AR

LR A5 X G R A RS AIERE S B

Bl 4.6 T T A WACRY B AR MIPS 3450355 2 1 AR 745 4 VI 5 4
A VHEE WA 40T SCAR T — YA 56 B 7 314 T

for (i=1; i<=1000; i++)

x[i]=x[i] +s;

B AR TR IS 26 (2 A4 LKA 7 B 2 T LA 4R 7

AL R PR L MIPS 557 25 10, 40 F e

Loop:L.D FO,0(R1) // WA ) G A FO
ADD.D  F4,F0,F2 /7 AR F2 o iy b
S.D F4,0(R1) /7 AEEE
DADDIU  RI1,R1,#-8 /7 AR Rk 8 (45N BHE 5 8B)
BNE R1,R2, Loop 7/ A5 RL RS R2, 8% M AL R, 5

// 3| Loop 44k,
Hovpr BB A7 A% RUH] 145 [0 (0] 4 vh i 2 o R, HRETE 1055 — o0 %K L8 (R2) 45 [4)
G —DICR  IFE R A AR P2 T ORAEH 8 s,
FEAPEATHR A P A 00 T MR % 4.3 gy I I 77 s K R b 48 A AT A A R
DA bRy 0 S bR A 7 LA
6 4 L 1)
Loop: L. D FO,0(R1) 1
(753 5%) 2
ADD.D  F4,F0,F2 3
(75 %) 4
(735 5
S.D F4,0(R1) 6
DADDIU RI,RI,#-8 7
(2E5e) 8
BNE R1,R2, Loop 9
(735 10
LA BESE RS C R IR ST 10 AN Bl R, R S AN R R
6 g e 6 R R Ty EA T4 A 08 B LA BRI PR AT I DL F
6 4 U0t A
Loop:L. D FO ,0(R1) 1
DADDIU  RI,R1,#-8 2
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B4 ORI

ADD.D  F4,F0 F2 3
(73 ) 4
BNE R1.R2, Loop 5
S.D F4 ,8(RI1) 6

XL DADDIU 45 4 B 5] 1 L. D 454 F1 ADD. D 4§ 4 2Z [ i 25§67 411 40
S.DIFA R 1oy LR A M AER RS b il T MR £ DADDIU 454 ® 8 1 #] S. D 45
A Z R ET RS B UEAT 0 8 AR L T LA BT S. D FR A B i AS R R AT 8 1, R4

“O(R1) " gk H“8(RI)™,

28 b I FEIAE A A EE I, — 0 B AR N 10 A4S i S 3008 20 2 1 6 A b
JEIOT, b 5 A RS AT R AT DR A s R TR

HE— 254007 Lt (09 49105 0] LA & BR, 1 8K 58 BORE — 1> o6 28 A8 A E ) K 10 A~ 1) 4p Jis]
Ik /3 6 A1 pp R ) (HOE P HUAT LD CADD. D RIS, D X 3 2545 A S AT A
A 3 A E L R0 DADDIU 75 46 Fl BNE 33X 3 A EF g Js] A8 4 R 1 4 il 406 26
RO e 405 D O S 0 ot By DRt A S BROE T R P A R Y RO AR

52l 7 3o ol R 0T (0 0 B 5 ) R A A PROE T IR () o BT o R R A T ik
iz AR AT R AR L B W 000 PR 8 O Ik 4 040 B8 1A ) A A5 52 o) 22 Uk O 42 it 1y HE it , 9%
Jii FE R 9180 4 B B4R 1) 235 o 25 A

XA G g R S UE T AR A R AT Ok 1R (1945 (8], 2 0K A6 B8 A AR RS a] L4 E)—
A AP o i FLIEBR A b i 43 454 o Rk T i a4 ] - a] LS R AE A 2005 B8 i T
i N SR TR

Bl 4.7 o FaRG IR IT 3 A B 4 ADIEIR A, SR IS R S 4R A
GILAEAS PR E AR JEE 0 ARG 50 R A Hr AR O PEfE . B RT PRI A 32 1 4% K, BP9 26
KK 4 ARG THBRICRIGHR 2 I LA S 27 7 8% .

& th TEOE RI MR R 32 M550, BIIG SR BN 4 M5 580, D e A e T A 4 A4
6 A A G A B8 25 o 35 A7 0 A 1t A BROT T i 52 442 L DR It G 260 A 0 B8 A S i 5 in kb £
e A

R AE (T A E A AF48) :FO F4 22 TRIFIG M | A 96 38
(R, F2 J]FAR A7 5 8, F6 FLFS T REIT I 155 2 M EHA,F10 F1 F12 JIF45 3 41§
WA F14 L F16 I T55 4 MG XA TR A fF R LEbist iy T Edv 4.
JEE T 5 B AT R A CHS

I I A

Loop:L. D FO.0(R1) 1
(%) 2
ADD.D ¥4, FO F2 3
(235%) 4
(=) 5



4.5  fEER I AIE S 147

S.D F4,0(R1) 6
L.D F6,-8(R1) 7
(75 %6) 8
ADD.D  F8,F6,F2 9
(75%%) 10
(%56) H
S.D F8,-8(RI1) 12
L.D F10,-16(R1) 13
(%5 56) 14
ADD.D  FI2,F10,F2 15
(7558 16
(25 17
S.D F12,-16(R1) 18
L.D F14,-24(R1) 19
(75 5%) 20
ADD.D  F16,F14 k2 21
(75 5%) 22
(%5%) 23
S.D F16,-24(R1) 24
DADDIU R ,RI,#-32 25
(25 5e) 26
BNE R1,R2, Loop 27
(735%) 28

AR JEIT IS I AT 3 AR D 1 DADDIU $8 2 W BR 1, JF X L. D 454 1 (1 fhi £
IR CAINE A L XS BRI DADDIU 45 4 o iy <7 B s 47 7 AR S 1 18 4

XA AR B AL T 1 28 AR AT 4 DRI, SR 4 ST R I ERE T
B UK M 2874 =7 AP ph R . S AR 0 S 0 R W 2 10 ANt i A A LA,
WA TADRIEFR] 3K 5 A 1 3 5 ) B O B P AR AR Y o (R AE IR IT S 1 1 3F
PR SEBRAiR 4 FUAT 14 5% JoAt 13 A4S J8 I A S B T AR AR B R X AR A )F
S AT AR TR EE | RADR A 23 e J) 1

5 4 1t i b
Loop:L. D FO,0(R1) |
L.D F6,-8(R1) 2
L. D F10,-16(R1) 3
L.D F14,-24(R1) 4
ADD. D F4 FO,F2 5
ADD. D F8,F6,F2 6
ADD.D F12 . F10,F2 7



148

4.5.2

WAt fFORIAT

ADD. D F16,K14 12 8
S.D F4 ,0(R1) 9
S.D F8,-8(RI) 10
DADDIU  RI,RI,#-32 12
S.D FI12,16(R1) 11
BNE R1,R2, Loop 13
S. D FI6,8(R1) 14

IXAN G FA Hy 1 AT & A DG 1R 1 A 5 R BN TR A ACOUE T 1 14 A4S i
WS- RS U KA 1474 =35 A~k JA 1)

A 34 3] vhoal LAGE e ik 706 B e T LA A A T Ay 44 AR 2 R, a] DL AT RO 0T
KR HIT1T .

1 34 Ji JT RIS A IR 2 i 2 0 L DAR LA i

O PRUE E A YE L 708 P T R ik b JC G S AN M 8 O T A A
] A5 1 R D B k1 2 2

@) TEEATRE . FATRENE 4K A W16 BRI 22 ) 19 G K, A R 8 A7 40 fdf 11 10 26
JlE T

@) i FASTR] 1 25 £ 285 o 0 LAl FHT AR ) 10 25 A7 48 L 8 £ e A0 B0 1 7 A7 2% L ik
n]HE BRI phgE

@ B 22 A% 1 0 A 4 Ao SR 2 L F X B0 45 A AR FT i 08 B8 441X 1E 77 A1
LB I

(B T B AT a8 B AR DG P00 4, %) F load 454 il store 45 4, W S & 111
AEAS () 10 978 A0 3% A o 7 () 1) A7 s 248 b hk I AS 8] 79, & A0 i AR B 57 L o] LA &
AP

© TERLH IR OCHE . i T R0 PR A W] o i) 3 AR LE S T IS A8 2 T [R) — YR 34 A v
DRI AT RE 47 A BT 18 A Gk

BB ELEN PR ERRF
AT A 4.3 P8 A AR 0 A R b ek A 3 RR 0 foT 308 £ 0 B O A
S L

B 4.8 I (i S oAl H A9 0F BR RS B 6 L UEA TR BR R O, R AE BAR R K4 |
PEFT IR E

Loop:L. D FO,0(RI) /7 WA B L # A FO
ADD.D  F4,F0,F2 /7 0 AR F2 bR &
S.D F4,0(R1) /7 ARG R

DADDIU  RI,RI #-8  // $545%51 00 8 (4554 | 8B)
BNE R1,R2,Loop // 45 Rl A% F R2, KR M R di kR



L.D
L.D
L.D
L.D
ADD. D
ADD. D
ADD. D
ADD. D
ADD. D
S.D
S.D
S.D
S.D
DADDIU
BNE
S.D

4.5  (FEFIRIT A& B

/7 F| Loop 4k&k
BB KR JCAER (Y HE A R, 0K S IR B F . XFEAREME S. D f5 4 (A
ADD. D (45 50 A 2e s, RITASL T 0 4.7 17 k3047 @ ¥ FIyR B, al 43 i F AU .

Loop: L. D

FO,0(R1)
F6 . -8 (R1)
F10,-16(R1)
F14,-24(R1)
F18,-32(Rl)
F4 ,F0,F2
F8,F6 k2
F12 .F10, F2
F16 ,F14 F2
F20.F18, F2
F4,0(R1)
F8,-8(R1)
F12,-16(R1)
F16.-24(R1)
R1,R1,#-40
R1,R2, Loop
F20,8(R1)

SE— 8 £ AR B BEET T3 S5 955 F S0 M0 419 5

149

RS TR e ] S8
Loop: L.D FO,0(R1) |
L.D F6,-8(R1) 2
L.D F10,-16(R1) ADD. D F4,F0,F2 3
L.D F14,-24(R1) ADD.D F8,F6,F2 4
L.D F18,-32(R1) ADD. D F12,F10,F2 5
S.D F4,0(R1) ADD.D F16,F14 ,F2 6
S.D F8,-8(RI1) ADD. D F20,F18 ,F2 7
S.D F12,-16(R1) 8
S.D F16,-24(R1) 9
DADDIU  R1,RI1,#-40 10
BNE R1,R2, Loop 11
S. D F20 ,8(R1) 12

[ 4.19 (Rl bR I K 2 T T IR KE IS 1) AR AT



150

Fag fEEHIT

BB KR R TF 10 AR o U0 B G0G 12 A Nl i 0T, D3 B g A 5 SR
2.4 ASIERR R CRER R ERTEE S A5 o (e A MIPS K2 L, B i A
A — Y A 9 AR Bl F 101, R EE O S 6 I R T, R OT 4 WO BE IR R RN
3.5 AR R 0. S 2R Ll B R K Y P R R i Dk 3. 75 4205 i R
1.4 fi5.

LA - vhn] DU B b i MIPS 330K £ 1 P RE T2 2052 BR T 48 BT 5 M7
T 22 ) g S A o) R A 3] B AT IR A 1 TR AR 4 A N B A K AR ik A A

4.1 fig ke R IR

e SIE ) i I 45 2 11 ) A5 V8 1 45 4 1) 1 2 ]
SR CDB A A5y S R BHT
41 S bR 22 IS P T 7 ROB AR
L K IR 2T 11 24 B JF
4.2 AR Tomasulo B35 1) JE A B AL
4.3 R SR T T i 06 R JF SEAT AR S 0, A B A AT E R L FE S E R K 4.3
JIF 7R
LOOP; L.D FO,0(RI)
MUL.D  FO,FO,F2
L.D F4.,0(R2)
ADD.D  FO,F0,F4
S.D FO,0(R2)

DSUBI R1,R1,#8
DSUBI R2,R2,#8
BNEZ R1,LOOP
4.4 fRIRAT R KL AU J (5 745 2 0 T 20 S FUARZE ol o (BURE 3 3¢ 0 A5 5 11 11 44
A4 A ISR R ) 28 AN b RS R 3 SRR A L (BB i 3O 90% |, WUIRE JE R 90% | 4y
M N5% AT 5 LMYHEA CPL R 1,
(1) REIFATI CPI
(2) AERF TR I a2 ) 9 A s e J] 300 E 93 1) St Ak B0 IR b iy 3 R 0% RO A e 48 el e 7
4.5 fBBEAr S HARZE D fim % R 90% | BT b G AR AR RS AR A W LB R 5% |, B AT 0 A §E
Bt 2RIy CPLAE A 1o R 3CH bR 2 ol 1 40 5 08 S HUARHR 2, el O MR e B 4 & kA Jr &
b 2% o, WU R 7 1 CPT (K 22 /09
4.6 Ry Br MIPS % B2 5 Rk o138 w0 0r i 2o derb i Ok — b o T i 2 X1 14
Y=ax X + Y



> 4 4 151

FEPF 45 4 8 R 4.3 % AR EER A R L A Il SR ) S i, T SRR O R TR K .
PR 2 0] LA K 5 A 7 A VR SR 2 ] AE R R 0 B R AR A I EEIR N 0. X R s i — A T B AT
TEAE At 411 ) o kil 7 DONE

FOO: L.D F2 ,0(R1)
MUL. D F4 F2 ,FO
[L.D I'6,0( R2)
ADD. D F6,F4,F6
S. D F6,0[ R2 |

DADDIU  RI.RI.#8
DADDIU  R2,R2.#8
DSUBIU  R3,R1.#DONE
BNEZ R3,FOO
(1) XF FARAER MIPS Pk 2k RTR A T A Y (W s 2 nk 2 Hoh A7 27045 5 ) 191?
(2) &f FARHER) MIPS fjii K28 85 1R 05 550007 2 JF 4 W, AN UEFT ARl 48 208 1 L 115 —
{ET- 20k 8 22 g nl 7 S L 22 b i A el AR A5 1 7
(3) XF bR vER MIPS PR K2R K TR IG ER T T 4 W, AR RV TEE 15 4, (i 05 B4 Ab B (1) 1k
G| BT v o B N R O (£ 0 KT A T R [ B P i Ao
) RE RS 4.9 11 i 16 AT AL (Y MIPS A 3 8% ( B AT — SR B0 1F ) L M IR R R
frel
BNEZ R3.FOO
I, L 0T P AT R A TR A L LA AR A O T O B AR A RS N BAT MRS A5 B L RS
11 Ak UL Y i A AR
(5) AF T 9 B8 A WE0Y MIPS 30 K 28 B0 AT M S48 2 0 3 15 ol LI AT AL a8 4, £ 40
R 2 o i g A R S B 72 P N N 7 v 1 B 1 e 32 B ST BB 7 W A
P YAV s 2 g ) e bl i 2 0
(6) AT WP 413 25 K1) B IS 452 MIPS AR5 8% [ R 00 SF R T 4 W, Ak F il 1 45 4 Ll
(EZ 0 S U N TP 1537 N B W (F R s T o Ao BT R [ B 9P Ao
40T XF T B A P L A fitt e SBORCH AT TR G R G A B R AT L TR A R X
TR AR L B e SR A T 2

LW R4.(R5)
LW R7.(R8)
DADD R9, R4, R7
LD RIO,(RIT)

DMUL RI2 ,RI3,R14
DSUB R2,R3 . RI
SW R15,(R2)
DMUL R21 R4, R7
SW R23 [(R22)



152 B4R fFSRIAT

SW R21,(R24)

(1) {5 9 3 0 A 0 0 vl i) i 5 22 LA — Bt o LA & 0 1) £ i 285 1) 40, W]l o die 22 FUA7 — B T
VA8 FH AR 45 2 WP A

(2) 1% A 8 ) B8 A 4589 ] RABRA T AT (T 4542 L 8 2 ¥ A A2 o

(3) 1 BEHE 467 1L 05 K, 48 2 0T AL T (out—of —order) 3 Hi , B 5 5 fils 3 4 249 n] LA AT AT o]
E (B

4.8 X F @45 AEAE S 0F T USRI IT T B AEER LR

(1) g 35 A1 B 1141 34 10 4 ) 391

(2) B e o 0 0 A 4

(3) HRAHE (DRETRIT) i il JH RO

(4) W RJETE 10 g, 23 Hi BE LY i) 131 7

4.9 PR WKL HIRUR A BT R 2 FURAT R 3 A WA A L, A A 2R 1 I ey A,
HELEMA 12 J 4840 43 il b bk 300 /K b BRBL LA Ko TLP ¥ 4 ()l b Bk Ak BEAL B K45 4 7 b
BIL U8 A Ak PRBIL I R 25 P, O 43 1) 5 € TR T k08 7K Ak BEATL £ o L



258 HHARS

FERNE
—Cache % A %1%
— 4% Cache R %
— & ¥ Cache R4 F 7744
— B A B
—HITEH AR
— R WAk S
— 524 ;. AMD Opteron &) 54 8 B R4&EH

5.1 BREAZENERSH

5.1.1 FHESZHNEREN

f-66 R GEMPERE B HGE M B A TH LRSI PERE . anfal L& BEAO 0 4% BT A A
ALREHS s 2 TSP R B EOR AR A8 R L, IR AL L R LA M et oh SRR 1)
Z—,

AR R AR AR A A — R AR B HR LISK 9 o H X 3 B K ol
PR RAR T ) BOR AR A B S . 285 B IE A R B A AR S BB R 25 R 8L

o SRR, BEAL A AR R

o FHELBUR , REALA RS A

o AHEMUR MRS,

MBS AR MRS AT B9 BRI R FH B 4243 K7 ik (0 A7 6 28 B A 5 {ELAA W6
FE PR BE T R B F R AR, SO R T B Bt HLA B/ B PR AT A% o B X R IR 5 i o
— TR R ] 2 R AT A5 BOR | K 2 AT 2 A



154

B (itERAE

1. BN R RE
1 B T 8 A7 8 R 10 2 02 T4 2 L SR T B 0 — R HE R D
3 A E”ﬁ?&ﬁﬁﬁm&ﬁwﬁm#Aﬁﬁﬁﬁ

ﬁEJJﬂﬂ’H“"ﬁliﬁ(ﬂJﬁ Hﬂh] l AN 5] o A I’I’J.lﬂl;eﬁiﬂﬁi%ﬁ’L Iy L)‘J I”JHJLJ%{SI’IL.
A5 WA T i s I i) g 8 s (] ) 3 P

s ] Sy s P ek 4 ﬁ:lﬂ% EEH 0 (14 15 B AR nT R S At BUAE (E AR Al A 8 SR Y 43

FIETEA M S AT 25 ) L’J%‘I’I‘%&“‘Fl"i"*‘?ﬂJﬁﬁJ P A SR vl fig Y A 1 AE A
fif BAEAEA 25 ] L AR A 10 Ak DR kg KR T R A 800 4 2 40 ML A7 S0 R i it
-5 [l 1)

2. GHERGEHNSRBREN

A RGN Z )2 5.1 ros, Hode M M, - M FHAS ] 3 A 50 31
PIAEGE A% . M BAEIE CPU e 11 FE B TR 28 e B /0N VB LA A B o o B ) o bl 1)
L5 CPU (13 B2 AHVCAC o DS Ry 32 B, T DA HE B A5 A0 A5 Bb JEL At 77 65 25 1040 48 1, A7 6 2% ik
&%wﬁdﬁmMUWWib%tﬂﬁugﬁfﬁﬁ“*ﬂﬂc&um%ﬁﬁ fBe ik
F5 0 ADAEAEE MU Ui E] D T 756008 S, F X R A& S € M A R e h n 4>
FAifh &5 1 S 800 L DL X &R

U i 1 i) T <T,<-<T,
3 §,<8,<-<S,

R KE VA C,>C,>>C,

ARG SR BN H brdt . N CPU KA % AF 6 RGN s B0 F M, 1fii 45
R AR AR T M, . R 1 SE B H bR, 44 25T A B A7 £ 2% 8 5E . CPU LI CPU
R € R U7 Tl S 8y iy L i e K 22 B U7 I AR REAE M, 58 . 3l ok ) 2 ) 1 1)
(149 Jea ¥ P DA 59 B 1)

trfik 2K -
l“ | Ml ._‘ _i MZ e e Mn
[PV [~ (81,00 | (12.5:.C) (T8,5C)

BS. 1 {76 R 2R K

MR RERR/DN  — MEAN AL RAAT RS AR e ROL R o (HUZ AR Jm 3 D g,
LI N CPU s ] 1) F 17 FUECHECAE M b, slERE G CPU X A7 filff 28 45 110 46 K 2 i )
HARHEAE M, rprfim h——AE M b 80 T 9 5 L

CEAFAR 2 U, 25 A7 0 22 1) — Rl J () 280G 3R L BIVEE Ao — S22 A2 A 2 v 1 o 25 4 12
HoF =2 CH CPU S iy — ) A7 i as P A 7% . CPU UifFERY, 562U M, #5



5.1.2

5.1 FERGENZ KRG 155

16 M of R A 3 7 50 0 B8O S U ) M K I B0 B RS ST A M 5 4 A M,
AR ASE S EE U] My 5 AR S

CPU Y M, Z [ {4 605 5 — M LAT 80 M LA (35 M) B AH &8 A7 fiff 4 =Z 0] —
fi LA B ol ot ifif Ay P A% %A L

ERESHMEESE

g T B UL, S T M D L A A7 i e K B 1) R AT 2 KA A . M A
Vi ) IR ] AR A% 2050 S, T C ML I B B0 S, T, (G, N1 5.2 s

1. ZHEBES o s
RO T, W A AT TR G I 2 A R AT (T80 [T 7| (1285262

fiti il M, R B0 S =S, B4, A5 o 2R o AT i Bl S. 2 PIGRATRIA DA Hy
#v Cache I A7 DT ALK RETH A0 R A LS EAFH AL
2. ERREHTFHSENIEC
. C,5,+C,8,
R
AR, Y S, <<S, I}, C=C,.
3. K H
fiir A Chit ratio) H ({52 Ly . CPU 5 AT fiff R GE I, 6 M v 48 21 i o 45 810
#ER . R AN
N,
“N,+N,
SErft N RN SR I MR M B R 0T B ek BB - AT AR R Ok
USES
AR CH BT T B R TR RRAS P B R H AN b R F X
TS B CPU Ui{FIEfE M RS E BT 5 SR . 28R
F=1-H

4. FHiFFERE T,

oy PIRPS Bk % 1 CPU ) — IR 5 47

@ Yy yilal e a By T T, 5 FR A fy v s A Chit—time ) .

@ YAd P WO IR E A IR RZR R AT RGP, A Ui (07 A e M,
LRI 25T DA ML, R £ 5 T S ) 8 R R (sl DT ) AR B M, L 22 05 CPU A il £ M,
by ) B3 A7 AR AL % T B ] SR Ty, SO0 AS R o s £ 45 ) 1 ) Sy

T,+T,+T =T +T,
Horbr Ty =T, + T, 8 B AS i th R85 (miss penalty) & 246 M ] M, %2 35 1] i >R 31 42



B AR

AR P A M e I R TE]
% & F i b R f b A U H ORI L —H | O AT 2R B8 1 -F X 5 A7 1 []
T, =HT, +(1-H) (T,+Ty)=T,+(1-H) T,
Y,
T,=T,+FT,

ZREERS

H i, KZHOT R LA R T o Cache (5 BLZE thAFRERT ) | JE A7 45 710 85 A7 fidh 2%
CHBTE) MR = A7tk R 8. X A R 40 T LA BUE th “ Cache— 427 2 AT 42
fE-HAE" 2K R e, P 5.3 i SEZRHE RUB R HE s . R 2 wlihis =z

B TR 72 P TG S A A, B A .
A7 it 2% o2 g, HoE A — K AT hc;Q-#;Qﬁm.@é
A TR 5 S A . L, R i AR — | —
1R B X AN AEE 2 IR .

1. “Cache-EHF"E X

i 24, CPU 1 RE 42 S 13 IR TR, £ 1980—1986 & Z [a] , CPU 4 GE LA B3 4F 35%
TR 3 32 3B 1% , 1] £ 1987—2000 4 2Z [] , CPU P G W & B 4F 3 = 55% , an &l 5. 4 Jir/ .
HAE, ELETEREM AR & A8 15 2. 1, DRAM () o B R 4F H42 0 7% . ik, CPU fl
FAFZ I AE B b 220 ok ok . 7 Rb X A 2 B RPLAR & 4 CPU i
fEZ A BE e AR (— 8L KB $]JL MB) i 5 4 5% ol {7 fif #% ( Cache) .

5.3 RS

O fFfigds - CPU
3000
.
2000 Ve
1 000
e
=
100
10 m*gA’ oo o
S o o000

sl —

0 = )
DNV D >N PO NN HIOI LA DO O
\°"b\°"b\°’ub \q‘b \Q% \ch \q%\q% \°'q’\°"*’\Qq \°‘q \°‘°’\°’q \°‘°’ \°’°’ \qq\‘“q \qq \qq '»QQ
W i/ 4
5.4 fE6EER A CPU 1 BB B e i) 17 42 0 9 475 050 ( L 1980 4F B (1% 4 Rl 15 S ik o)



XA~ Cache Xf T4 5y #&

B
Mi3m1-ume1n JZWR M & E T
MTWM@MmeqEWM&~|ﬁMM%%, 7~
DAWRAD A7 B AN L . — A B, X 1) ’-‘{M‘J“ e — =
oo CPU - [ Cache |~ | EfF

P 5¢ 4l B 0F52 B, I LA & ASEL R 7 T )

WA, i ELA JR GE A Y D3 W B WY .

2. “EF-BE"EX
EAZAY HBE N 195 #h F A7 3 WAL

B A A7 A i -

{H o g e

ANERVE K VBE J’MﬁEﬁE
(R A Atk o CRROA Sl A7
A1 T4 s Al B 2 A2 1 A T AR R — A A, iRl 5.5

R o

T bl AEs

P05 R4 1K J2 K 4

(a) “Cache- A" 2K

[ceu |- e |-

(b) “FEAF-Hlifr AR

(b)) Fr7R o " A =S A7 )2 DR Tk 52 30 K A7 B5.5 BEPAERE R
fifi s o I 2 At N DB B ABL T AN 58 ™ I AR 45 )
3. MERILR

2 5.1 X" Cache— A" HI* FAf 47"

J2 A 7 B LA

-| e |

157

AT REHL R G PEREAT A7 B RS, LT A A

F£5.1 “Cache-FHFE"5“"FHE-HE"BEXHEXH
{74t )24k
“Cache— FAF" )2 W CEAE-RAT T TA W
b 4 3 |
ERIE] RN A 1A PRA BRI A L

{7 B LAY 92 30

A L A 92 B

o

L ) 3 J3F () 1 A6
(5 -2 s 9

JLEE—

JLI

YRR (18 B () R/

JU T~ JLr A~y

JLTA PSR

CPU X} 55 ¥ )i ] J5 2

nJ B Vi ]

AR CPU 7

b

7R S

D) e 5 T A JE

5.1.4 HFEEXH 4 A 0EE

"Fﬁﬂé‘l&'—i}l IR Cache— FAF" AU, B0 B HIELAT 4 405
M A H (D) A S — 2 (SEE CPU) fF6% 856, o DASCE MR 8 . (e
1%mu>



158 W5 fAtE RS

@ Y0y o) (B (50) 78 @S2 ARG AR TR T R B . (AR

@) R A A Py LR )2 A7 A 2R W I R R — e (BRI

@ {HEATE I N E AT RSB AR (TS SR )

i I A I S ] g, R 1 BR AR — A~ FARAE A2 Ui AR DR LA R BRI 9 8y

5.2 Cache EA%DIR

5.2.1 EAXgGHF[EE

Cache JE i R EFT AT PR . Cache FI 32 A7 45050 3 RO /AR ] 1 B, £ 20 DA Rk o
LA Cache, NI, CPU (1) U5 A7 300k 88 73 %50 80 P18 43 . B ik AR A2 86, i
ﬁ}]"/J.\'H

£ b L b i He Py (R

FAF P AL (B ) T 4R iZ e e Cache w7 8, Be 07 8 FH T 1 52 7 35 1) 11
Bl A2 % b i 7 &
KD 5.6 Ji& Cache BYJEA TAE IR B L Y CPU 2905 [l f74iff 28 R o, & 0 b ki
A FICPU F A7k

= I

;

o | s | e

1

Adip | FEfF—Cache
bk F; 5 Y

| A
R 1
A b a

Cachellhl: | SuhE | Stk

A7

' A

. Cache | _
itk

4

Cache

’I;CPU
P56 Cache if) 3EA T fi UL R
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A FEAF ML P A f . B AF > Cache Mk " S F 0 40 5 T U 1) 2080 sl 1 4 1 Bk
A U AE Cache o WIS/ Cache th (B b)), 35 £F—Cache Ml 56 45 304 s 0 5=
A Mk v % ke HE e 45 8 Cache B ML, i A Cache ML 25 47 8% , B 9 00 B8 R F5 A5
SR I FH T JE 1 () Ml bk 25 7 1] Cache , 88 BT 45 80806 sl 2 16 45 CPU, W R ATE Cache
(W%QWLMWﬁmfmemejﬁW%ﬂﬂm%ﬂﬁAcmmﬁF@m
CPU JIT 2 P 80 sl 45 4 3k 45 CPUL YR, th o] LA CPU By 22 1) B di sl 48 4 FL B2 0% 46
CPU (an Pl rp iy jg £ o ) LM%‘%r.%j‘HS BB o FEUEFT IR IRET W el 2 Cache rhEk 7 i A7 {3
K AL ORI B T B AT iy 0 AR 5 SR B S AN Cache 4T A Bk 4t
P 25 SR A T R 1) R B ke R e 1 B A L G T R R M o AE T i - 2P

2 o
AR 152 A0 1

M DR EAEP A Cache IR ] DL 50 WE 047 5, 350 A0 IR R0 R0 ) o 22 fi
PR AR AT LR 3 A,

1. =B (fully associative mapping)

AR AR L £ T A7 th AT — Heonl DLl i 31 Cache o AT 38— AN 1, W&
5.7¢( u)U"/T\' P gyt 1 B AEMES 9 Bonl DU WAL E (TR A5 ) o

g g PR W 1 R S 1 Cache K/ 8 e LT AFK/NA 16 Sl il .

2. H¥EMZ (direct mapping)

FLHEMAR AR A7 T 0 B A B HU BB ik 8 B Cache il — 1) — A0 ¥, T &
5.7 (b)Fras, P S B LR R K R . N EAF BB Cache B %] N ¢ £ A&
USRI B4 73 L 1)

Pel vl i Sk I SE R 2R R s, AR O B HLRBIA Cache FU55 1 B, —fikdth, 4
B EAEME @ PeCHIERHbE R ©) R 3] Cache HEAYES j 5, W

Jj=i mod M

Horp M fy Cache (HH 5.

e M =27 ek RN L SRR RS § BOAE m i, 1 F B AR

AR | j
T F—w
PR, o) AR ] A7 SRk O AIS m {37 2 e 4% B4R Cache R B,
3. ZBIBBRAR{% ( set associative)
TELLAHR AL T, Cache 8555 93 45 TAL, BRAL i 5 AN ERM . A7 b 0 B — Bk
T RLBCE 3 Cache HpE— i — A2 b AT AT — AL B o B A I AR A 4 R UG (1 —
AT s A AR P e R B AN (MR AR AR ) R X
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FAr B T s
0 0
1 1
: 2 : 2
s Cache 3 He: Cache ) 3
0 X 4 0 ( 4
1 N 5 1 K ¢ 5
2 iy 6 2 o 6
3 . 7 3 e 7
: L 9 5 SO 9
6 - 10 6 K > 10
7 - 11 7 & 11
12 S Y \ 12
13 . 13
14 14
15 15
(a) 4= HIEKH (% (b) B H:m{g
Eff 05
0
1
) 2
B Cache 3
0 | ; ;o 4
! _‘\ most & 7, 5
2 e 7 6
0|
3 ! £ AL ¢ : 3
4 WUl & . 8
5 | ¢ 9
6 L3l & 10
7 % 11
12
13
14
15
(c) 4 HIEXmL{Z

5.7 3 Rl g B

HnT DA A X A A AT i) — A 7 5 (4 AR IR RFAE ) o 2 1 2 6 SR AV 3ok 6 5
2o, BT AR A @ e, 47 E T E B Cache IS R kWA
k=i mod G
JEr G 2l Cache (415,
BE G =27 W3Ry R RON  k SEBR B @ K g A7, B R R

FAr Bt bl i k
l' LA
PR, nT AL T A7 B bk AR ¢ 1V 2 € £ Cache H MR 41, iX HLAOAK ¢ 17
A B EA FLAR MR PRI m 738 3 FR 8 & 5] (index)
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WAL A 0 AP (n=M/G)  WIFRIZWAR BN Ry n BEATAHEK (n—way set associ-
ative) . & 5.7(c) AU BAR IR . XA REAA b R . T8 9
Henl LAy A Cache 55— 41 B DB AT T — 4>

FIR 8 5 (B n (RO K ) |, Cache =53 [ £ 7] JT) 248 0 s , B b S AL 56 B I, A
i Cache (A ANy R gERAIK .  HRph 0L R 1 240 — A~ EAF B A Cache I, 2 WEAR KL
DU Xk 7 1 Cache B0 B4R LU 28 9 5 . S8R, 4 AR (R A iy v SR e (IR, B2 14 1 A
i R . BRI AS fir b R A R, n IO (ELBROR B, BLAE S iR A 20, 16
Kon fHIFA € R DRI R G PERESE & , 1T HIE 2 i Cache (19592 B & 2% 1 I
AT I . PR, 4 K 2 B0 ST R T P W AR N B AT K 5 4 B ATAHIBE . )
IER30.S VARG S - &

ERAE

4 CPU 5 A7 il 1 9 58 A B0y, el £ Cache v 4% 30 40 55 12 b ik 1 B (2R
AT ) 7 3%k AR R ROk 9B . Cache W BT — AN H o3&, B — 4> Cache R
5% P AR AT ME— 19— 00, JT 45 1020 0% B b A7 80n0 A B2 TR A A7 e ry (— e AT
LA FAFPRMAR 3% Cache HU) o B8 PR ICSR 1% EAF D B bk (4 @ 07 3853, B
AR (tag) o BEA TA7RAGEME — 3 th JEAR DPUR BRI A o AR IR AE A7 BRIk b (9 47 4
5.8

Efrthk | LT ‘ % 5l e free

St
PS5.8 A7 bk 5Kl

1T H s R P AF B S PR, T LAAT B S 328 1 A7 Al 88 SORRN bR PUAF Bt . L of
KPR WORE DAL, A5 Cache hIHUE RS A KGR . Bl A%
PR 17 Ko Cache HAH R R PTG & A9 (5 DA K. 9 — D FAAPE A Cache i bt —
A HAE R B AR BT A H Sk b % Cache HHT XL 300 A, 36 L A7 2
“pn

AR AR R AS ], — A A7 nl fE B AR 3] Cache H i) — 3£ 4> Cache e .
AR e B Z BN B 2 CPU P )&% EAE St A1 H H 5 A8 485 1 1 ik
(L E A H R R (R ) o W AT AR BUDC A CRPAR [R)) A9 300, HLILA 30 1, & iy
XF R Cache e RIS BT B4R A B L R 1 (4L DI 0 J8E , o 4% ok 36k 7 B 10 % 380 100 A6 8 107 04 7
AT

FEPE 5.6 v, BUAR ST Rt S 77 2247 — Cache ™ M fik 28§, 153 3| Cache Mt h:
Joi FF 2 Vi) Cache ARG A 1T ELAT = 4 AH I 04 13 250 ok 156t b 200 i L {H 92 B |-, 76 R T
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CORI N

T WA 8 ZELATIDE WAL R B O R, 7 R e D Tl S, — BT 2 A — Cache ™ Ji bl 42
i F195 (1] Cache A7 g 44 22 HE G [T EA T B0, Hi 7348 AN 08 W A ik 2 07 ¥ 1 A7 Pr 42
U7 ) (18 B4, T LA S5 U T A7 ok 0 07 B b 1) A 0 435 L AR B2 1 K L £ A7 — Cache” 1l Bl A%
58 UG Cn e Ay ) AR Al LA Sk S 5 R e — A, Kk 45 CPU

FLEML% Cache (105 BE (7 8 die /D, JUAT A @ MK Cache W EN B b2, I M
Al n BEAUAT A 0 & 2Z 0],k n A SEBUFIT A 4R 5 kA PR . — i S T A
IDCA7-fifs 2 S B, 3 — b TSR 22 1 4 il D T 1) A7 itk 25 R L 45 25 ke 92 B

Pel 5.9 R A — Bh s vk A sz BRAL MG ) 7% 85 10 Bl B o 1 AR Ui e, I H
SR H 25 A FHIK A7 6 DX KA B, B > A AE fiff DX 18 K/ R nx Ch+logyn ) 67 i FETAELHK A7 25
KB L AR T A R E 1 41N Bk 0T LA Cache 77 (A 82 00 245 B T b ik
A R CPUL

hiir gﬁ'[
BT
. |
. — i i 47

M2 4L
i 4l

_ Y

LR | o LM 2gxnIlH
AT

|
Y

P st bk (log,n i)
5.9 FIAI ARGt % 5 BLOF A7 A 4%

KIS, 10 om0 S R 5 ok S B0 4 B AL A S AL . YIRS 9 —AF M
T HRAFfEE B . X8 4 e asy . CPU DA, I AS UV 77 Mo ik vp 9 & 5 4
Al BRI 28 7 (R T —41) L JF IIZAT IR A7 e 4 A FR T4 X
B F 4 B o Sk du A Cache fERE AR IEATEEH 4 ANMEECT . SRIGHITIL I 4
A BRI AR U A7 3t 0k o 0 bR L UE T TR A7 HE A, LA A A 15 i b LA B i 4L b mE - A B
REEYIRI P A ) o MRS F A ST AN & i 4 ME R b R -
DL IEE CPU, X RN 5 15019 10 50 AE AN 0 SR AR K A7 fifh 45 , 17 2% FH 42 3t 1k o5 1) 1) A it 2%
KB BRI R e KN 25 xnxh (N AEAE AR n AN b 00 FE GRS AR
WK n BB AL LA 25 18 S 2002 88, i EL e A a8 0% (o7 B0t 23 48

AU e B, S B A R LT A T AR SRR L AR Cache [ F
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hiir ghir

Voesms | R | %5l

M2EFT R 1T

| ‘ %141 241 341 U4
i ofir i hAir B 7hﬁz 77},&
I
—1 . ] l |
(N I S — | bR
I 1 [
5 R x5 1R ®H 1R ®m 1R
2 = = =2 ] Q;Tij* <7E§j -3

i %

510 4 B AL FF 7 bR il L 48

E5: I P O e s Al A (VA W ¥ L N85 7 R €505 g e VAR W -3/ R N
Cache 1,

JC I 2 1 FE WA S AR , A R FUT LU AR I, R 9| S N X
| O K B AT AR AL () L ini B AR g AR [E) LR A 35 A [R) 1R B A iz A%
FHZALCHO B GR AL P A R G| AR VIAF I R AR o AR Cache %%
HERAE i AT J3E 2 10 R — 20 v ) BB, DT 23 B2 2R 51 IR ASE ORI I bR 1L A
B, (e oL T RO ALECH 0, etk i 2 i

Cache f T1EiZ %2

T L DEC (f) Alpha AXP 21064 fif 4b Bl 28 v () £ 4 Cache 1 i & 4 28 Cache [
TR, B 5.1 B HE R L X A R 8 KB ELEBR Cache, B K/
32 BLILA 256 AMH. RIE HiR S RN 4 I

Fifi & ME 5. 11 KA n) Cache (1% T AF 1 B (P rh s BB B 807 26 0 A8 B8 1 it
I¥) o
21064 f kb PR 44 3% 45 Cache (R4 B M 1l 4 34 47 (P @) o 3 4~ Ho bk 9 57 K
WSy ekl (29 00) MR NG FS (5 ) o Sesuhl St — 2oy An iR A& 5l

Cache [ 7 5K 5| (index) MK JE Bk /N Z 5 R N

Cache [ 75 4 = 2™ A 6 B Bk A/

R 8 192 MBI R 1 B K/l 32 BAR A, Al 7%

Cache 754t 8 192

index
2 T RN AR E T 32x1

=256=12"
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F5 At At RA

A, index %9 8 £, driH ok 29-8=21 {i]

B
s hlk ks - 21064
2 8 23 & |
Fiif 4l feht  CPU

®
®

[45.11 Alpha AXP 21064 f#4b 5 28 B4l Cache (1945 K4

BRI R G A ik A 256 A o 5 rp gk £ — 9, 352 Hh A SE 1) B SRR 2807
[ 8 14 ik BN Cache 1 800 PR i 8 £ — R, JH B P9 050 8 1) 0 4 462 4 O Al B et
Pt AT VL B T (RSB 4 A B F N 8 B) o fE ELIRBRR Cache 1, 132 H B Hls
JikAE CPU 1532 I AR HUOF 27 DU BC X MY A s v DO A7 2847 o

FRL I b LN RS CPU KK 69 Py Bk b AR R AT R, A T
DR UEAR S B AT R0, SO NI A7 UL A 2000 ™ 17 5 W) L 88 0 245 2R 5 it JE 2801

tlllﬂlﬁi,” PEACH £ R VC AL, FLAT R 17 8 R A AR Ui 1] Cache i o, R 24,

— (W@ ) BE A S 78 A CPU HUE ¥l . 21064 Ak B4R 52 X 4 44

22 AHT@FJ}]E’]

FEA] Cache —F 15 21064 th 357 b B HL X 32" AR M E e . fEE b
H"JT*{RT 17 3 AP B FE . B ERAAR IR BN IR Z 5, A B S A

ARG RE A, 21064 # 2L B J)\I{F(EI]%;HE/J%TEIE{Q;) N
ST UM AR E 21064 B T ANy . XN G R T R, e S AT
4 BRGERAKN A 44T R T SA%‘%\YFET G0 R 2 o AN WL IR 4 8 4T B
ﬂlmféﬂﬂﬂthl_ﬂ/\&ﬂ'ﬁ% X CPU I AV 5 " U5 ) & 58 L, CPU A AR ZETE T 44
1. MG nh 8 LIRS A A7

E G AGEoh iy AT GO K A RIVKS A5 AR S A B0 1 b hk 2 75 5 2% o 4%
A AT B R Uk DEBE . A R DE C AR B %G F .

R BEA AT, Cache fi) CPU % — AN EEE 5, 38 M E 55, OFF — 247
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fik 2s B A B (32 B) . 21064 (1) Cache FI'E T — 2 A7 it 2 22 [] 11 K 4k 3
BRGEE N 16 B BERCEIEAL LT 5 AN Rh R T, 4 2% 47 32 B BT B 10 I i
W, T 21064 50 Cache & FT4Z AR (4, 7 LA & AL PR et 0 SR 51 BB e, [ 2h
i% Cache R 5 FLik ik, BT DARE 6 i0F AS 0 JU 40 B 40 B el 2 47

kAT AN P, 21064 K5 {f G - 285 Cache, HEES A AT,

Y AL B, % 18 Alpha AXP 21264 fif 4b B 88 o () #0406 Cache, [8] 5. 12 g JL 45 # HE
. XA Cache Y5 ik 21064 (1) £ 4} Cache 1 FE X HIAE T — &R 1 2 BEALFEK;
TR T H WL, M CPU X Cache PEFT LY ) I, ) B 2E 47 35 8% A R0 B4R 1) 332
L JF AR BT 45 3 DA 20k B B R R b e R, 16 45 CPU Y AT S S
i, H5 A Cache , AN H A A7, FﬁLl’E‘iﬁﬁF'*ﬁ?"f‘%%o X4~ Cache [ %5 5t ) 64 KB,
Hek/N R 64 B, KA LRU Bk mg . X A4 Cache [ TYE i 2 5 F ik 21064 ¥ 5 s
Cache 1) TAE L FE AL,

B 21264
Y hk fir ; : I
9 9 Jg D | st CPU‘
Wi | gal] e
A S
AL bRiR €
129 64 ]
@ ) S 1
Gr2ygy [T ffl;i‘
T ]
o !
(=
o B
o | 1 I———
SIET N — I
@ 2:1% Mkt
ZMﬁ%ma‘
| F= ?&ﬁfvsa‘

512 — 4 M % 41 HIE Cache

5.2.5 ¥#®EHEZE

1. BE%
BN EAFIIA— A REF] Cache frimf | 285 23t BUZ TR 21 Cache B 7 &
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CHRI I (8 R

(el —41) &gl b AT . BiE, o ik B i S — B, RTB I8 A i B 3R 48
Z (P A He o st ) o I 20 7 G0 fi 36 456 5 S 0 RS 4 i R Wg 7 X s B A B 3 e 22 i
TR ]

FLEMS Cache (g B AR AT 0RO AT — N3RS G4 o i A 2H A I A4 A
1Pt Cache rp AT Z2 4> Hefib e £, 07 ) nf fE ek e B e dni o EARSE TR ME 8 . 28
PP ATLLR 3 R

(1) BfipLIL

KRN 7 14 AL b R s i B, R USRS T AR R S B, {H KRR iR
A7 % 1% Cache Heid 20l G 00 , SO AS 1 B2 18 Jay B8Pk | Bt DA i v 58 LB IS

(2) Seik e 3 ( First=In=First—-Out , FIFO)

X 7 R de WO A A R R i e DR AR S B, e R A
Tl 4L £5 Bk A Cache (1456 F5 Y 30— D7 S0 7 £ 8 AFUIAS S AS BE TF A M sz e 2 ) 7
(1 Jy A8 o IR Ry g e 1E AR B nl i Ak 28 i S TR B

(3) it he /bl 72 (Least Recently Used,LRU)

K 7 1 AR A i e P A0 Bl T B 7 1) B A A 4 4 r B AL H T S R B A
S A S BRI E) LRU FR LU e £ i AT AT B U ol ek g 2R . 3 R 2 T A0 i 1
S Sy FR PR DR SRS d U W ek 0 B AR e R RS T SR B A B, I e A
VAT FH 2L 1) I gt s de A 1 0 B 4t 4

LRU FEA U iy Sz e 1 18 J 3 P DSt B, i HE iy vp R AE 1R 3 By i b S e vy
M., fHE LRU FEBEAE A, i 52 B SOAS LG A8 48 S S AL KN i LRU 1y 52 B

LRU FIBii #1325 73 50l DRLECAS i oh o2 {00 FD S BRSO g ) 32 R . AN o, A B S0
e X T 28 HEAR K% Cache , LRU ML 7 (14 Ay v 8 22 LA K

2. LRU EZM@EHLHm

(1) Hedkik

X Rh 7 1 3 T — A HERR 0 S 4L M Cache 1 [i] — 41 v 45 e 17 1) 19 52 5 KUY
XN S T U FH R AR T 2 1 4 BHLAE R T L 1), MR S AR T 1 e I W A U
TZALD A BT 0] 1 S5 UOF (AE R S LN B i ) o B IS i s 9 S 1% 41 v e
BV ] 3 i e KRR IS I SR R AR AR ) g e B T0UIC 5% 1 S Wi 35 [
PR E S 13 Ca) R o JERE, 0 SR I aT LA BRI A5 3 19 3% Bl B A
(HeHhlk) .

AR B AT Cache U [n) (1 %4 12 HE R rP (6 D9 78 0 200 8 285 9T 09, DA 408 43 2% HE 4R 1
LARJEYE . M Cache Yy o] i ef it 0 2k B i bk 08 15 M1IBE A %, 76 AR rb 48 30 41 0 1 o0
ZLVRIGHZOCE M L T AT DR B — 070 B ) i 30 A Y5 1) 1 B i bk il o ke
e b ARR T, 1% & iy A7 oC £ W FEAS 8, g 5.13(b) i .
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G M Cache 5[] AS i, DU AS Y U7 ] (% Bhe s ik I e b i e A AR T, HE AR v Jor A7 )it
KMICEM DAL E . WE Cache P iZ4lE %A 25 I, gRBEFrdfe — e, X
I MCRR TS 5 5% 1 e 108 by e ol i 57 58 Al 0 e 1) e 1) e st il

IR A7 AR LA
B v— — VA
- e | RCES )
s Ccammn | AW
1 S R
b "—| AT o [ ] .
(AL ety | lo (dipgbetiht) | = BRUii B bL
— — (2 FHI LEFe 4% 31))
Y N | :
fl g Psbhk —
i (4L Bt | (st
log,nfir
(a) AT E il i Il i 26 s K (b) % vt By 2R 77 8 1

[ 5.13  Hikedk

I 1A A A HEAR 125 0T o S R L i B Ry B LA TR S U AT A 1)
INHERR | B — I (2 500 Togyn 07 3 Fl e 7 HE A AN A3 54T ALK BE 4% 19 D RE 171 FLIA %2
HAGRETS T8 020 T 88 R b ] IR, — 500 (% D) 8, B A< 488 o, PR B3 T 1 K
B/ LRU B33k

(2) LB

HEAR 1 i SR A ARLIE L ey D i L DR 0 L P A AIG, AR o b e i . B AL RE A
AN JAHIBE LA HOTH— R 1] ik e 28 o 50 B0 LRU R 30 5 e W 2 b e sk 9 il Ja HE v (1

Hx

FEONS 15 110 B AS KB L E 25 T o M A & A I B o B — A LR T — A fink &
it 1 R 250 28 /5 B i AT DG 19 WG A B 30— YR Bk 1 [ 140 38 30T O, TR el 1) ol B il vl 4
F LRU Beo filhn B4 A B .C3 B mT A4 3 %F: AB AC BC, f—xfrh By i)
() TY 53 S X ik 2 8% 7 T T T a&-/? TR 1" KR A e B SS9k 1 ) i
Tyh“0" , L/nR B LA LT f)uflﬂh_ T Ty LA 2 R 11 R 5 S

WAR,H Tyo=1 H Tye=1 0B At C 9 Eg Uil H B LE C o 8573 g i/ ) ot
(L C gl ik e A A BT i 1 P

Ciwo =Ty = Ty
il 34t ]

Bl.m =Ty * Tn(:

A =Ty = Ty

P b 2 e AT TS B AR AR 0 L B ] 5. 14 TR
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Airu Biru Ciru

& & | | & }

0 1]o 1o 1

Tan Tac Ty
. - il C
VilnB
Vilnl A
PS5 14 F] A0k 9 B LRU 33k

AR L REUK S [ S SR, B B3O R AT ORI LA i Rk R RS . fE iR
BRI VTI) A RS O A AT R RO ik A 2% RS, RARERAE RS T T
“ITLLARME A BE B T A L C ST g ], e B A S B v Rk [ D) B
JG LB Ty N 0" B Ty 17 i) CJS LW Ty Te R 07 o S5l LA A2 4% b Axs

fioh Az 4% V14 A A 2 A, AL S 14 PR

N TR S AT HL AN 1 T M RE A RS SRR AT RE AL LRU B, A5 5 46
"4 BT VAT 20 A B 2 /DA ST 1 B 5 TT A s 358 3 P A7 15 Z H G
(o fih 4% o R T A BAT P U AL AT A — AN BOk B th TR LURER TE AL
B T AT LA (R B 8 9 2H 75 9T DA iR R OG 11 HE 800 ik & A~ B8R P10, TR i LA )

1511 AR P-1.

s E A A A B T A BT B AR . XA PRI 2 M4
AR, CL=Px(P-1), %5.2 91 T AP RTR M5 T80 5110 A b

RO B fih Sz g i A B B P R AR

F5.2 LBIMEBIM.SITHITIE.SITHEARESREPHXE
241N P 3 4 8 16 64 256 P
fh 42 84 4 3 6 28 120 | 2016 | 32640 P”;"”
TR 3 4 8 16 64 256 P
CERE TN TR 2 3 7 15 63 255 P-1

A S5 2 0] LA AEBBUL I T S 8D L A G HE AR e T 2 ) sk
PR AELBH A LN B P e N, & BT A ik A B AN B LA 5 I o6 R e i, 1]
M) 4 A i L e PERE . 24 P o 8 B, Bl B i & B B IR AR RS T M

{592 B4 BRAAR o
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M N BB 2], ol LR £ Otk 25 B AR SR /b i 9 6 BE A Ak 9 G, A2 TBM
3033 ot AL NP 16, 0T 4 BUORE A AT 3 P Jesr a4 BE, RERERI, B AT X
BE L0 LRU BEW 6 ik %4 8% R E b vk LRU XF o 28— il i 4% .4 A RFILG 22 4 4l &
w BT B LRU e 28— A& 88,8 M1 IR 8 b A a% . Bk, B 19 fisk % A%
BB

6 (LERE) +4(2EX]) +8(HEFT) = 18( 1)

T B0 U s 2 120 Ak Az @ . (H X e AR e R AR I . — ROk U5 BT 4 1

BOlE 22 | 64 10 2R LR 22, {0 22 9 vl (5 9T i I 1 2B R i) A K

5 R

b B 2% X% Cache (1) 1 ] 3 B2 332 1 [n], B3 A i A7 %48 2 18 U5 [a) &8 A& 327, ifil HoK
ZRAR S EARAFAE AT ST . A GEITET R KW, store A load 454 BT ot 1) L 1) 43 531
9% F1 26% , i b Al 155 AE T AT U AR T O BB

9% /(100% +26% +9% ) =7% ,
I £ U7 ) 804k Cache 845 oh e o3 1) BB
9% /(26% +9% ) =25% .

Hﬂﬂ: BTN A LR A 2 R I ) Ak B B R T AR N
AT AN E Y LA Cache EEEFRT BT AT 0AL . (HJE , Amdahl @ B W] &
f’inﬁ Cache IR TTANRE Z 0 5 7 (1) 2 &

ST — R T AR B 0 2 i I [a] J_z%[flﬁ UA AR A T AT LA A
it )E , A Ak Cache JE1TH AL AR A bRiRARE S S A Cache J47 347, 75—
Fb 45 IR AT 1) M Jy ek Ak B 88 B A B I SEFE AN SR K GER A 1 ~8 B) . 5 AT,
HAEE M Cache HPAIRL 053 o i~ 3" W Z B2 LD F B e R .

Fl BT A )2 D 22K, Cache DN JE EAFHE O WA — N RIAS o (HES 5 7]
Mg BCEMNNENA - i, Byl TS " Ui i, 1E Cache 55 AF 1
B 5, W Cache HHORH B BT N 25 © & A2 A8 4k 1T 365 A7 OISR G I N 25 BT 88 2 K
M. X4 17 Cache 5 EAFNAEM —SbEmE . B h T RIEE#YE, EHEOAE
U LA o A T TIN5, K 1E T R T i 2R 11 [ R

%’%mﬁ%li'ﬁTﬁ'] Cache iﬁi‘l‘?‘i%ﬁ')#/\i ARk %’?ﬁmﬁi‘ﬁﬁt‘l?ﬁﬁ'

@ 5 H ik (write through) Ik s FR O AF B 3K ¥ (store  through)
TESRAT 5 " B4 ) ./f\ﬂ(a‘Lﬁﬁ%—J/\ Cache WAH I (9 B, 1 H L5 AR — ﬁﬁflﬁ%‘#z
IXHE T — AT fith 2% v 11 BOHE A I e BT 1

@ G [ml 3k (write back) . 5[] 3t ) R 5 01 15 (copy back) . 3 Bl 55 36 g 4 %5
ﬁ'ﬁ:/\ Cache HUAH WY, AN AR — S A- il 8 . 1 FE A B 808 1) 358 WA S 76 Cache
W X S e T B FAT A AL A R R R e, A RS LR — SR A
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S frth RS

T o A I B e 0 (] R B O " AR . [k Cache iR BE- R
BEE A B T R A s . Y D R R S B 4 B AT BB
i, ')"J/FM L — S A7 it A

L Il vk AV BRI A ATRR A0 . DA M AU R, T R AERE LA Cache (1) 2
BEEAT fd FLRT AT 557 JLBGE Cache s X1 W] — FROCI 2 K5 R B, B Kot — I [l
I u&(’fﬁ&‘%’% PRI 98 /0 17 0 A7 fifh i s 9 1 220K, X (AR 55 Il 3k X1 22 Ak P HILAR AT W
G171 nuz ML R S T 9B i L A7t % v i B0l SO ol it . 5 —
i %1 170 F1 2 b BEPL A 150 8 T 5 1Y

RS FORERS 4 £ TS TR i B v CPU L2055 15, BB 5 " B4R 45
AR Z S CPU 5 52 ((write stall) o 3 2055 f5 i 1) 55 ) 36 0 R D5 42 ol 28 (wrrite
buffer) . CPU — HLAECHE T A% 98 vh 8% Ll o] LARZE SR T, NIT Al — 28 A7 i &% 19 37
FI CPU I A7 L Bl ok

35 " ) O Aty SRR B D e] 500 AT 8O B DAY R AR S A di b e g
7 A B B, A7 LAR M R 2B 5

O $5 5 5L (write allocate) o 55 AS iy vh st e 408 7 55 80 T 07 46 19 B M 32 4708 A
Cache SR I FREEFT 5 AL XAl i W Bk 0 5 B (fetch on write) J5 3k

@ A 4 BL ik (no—write allocate) . 5 Ay iy, L3S AR — 2476l 2% i1 A
LI S A Cache , X J5 75 0L FRh 5875 5 (write around )

SR F AR MR LA o] VT TS BLIR S [B] ik (B 13k Cache — iR S
SIS BRI — R AR S 3 Bt i

Cache 85 7

BRI h FOR VM AE6E RAEMPEREIE R il B et Y kit g F

FI U5 A7 I (] — Rl o A 0 DE I A7 A R SRR I 45
- Y515 A 6] ] = i sk (8] AN 1 3OS i o T

SR 5 A I (i) £ 9 A 2E G VB T LA e X i () (i b g ) SR 2 ns) s a] DA
Al S B9 B8 C A A i b T S R 50 A g BT ) of ik

V- S5 5 AF I ] 47 SR 2 7k PR B 1Y A ] 48 b A B — A HAS iy b R A
Fabr AU ASREAC R R I S T ] L BRA T SRR G (9 CPU IR (] A S 4 3 S e A7 ik
FEH1 HETg

CPU I [a] = (CPU AT J5] SR+ A7 fidh i 455 0 10 09 850 ) om0 B msf i) (5.1)

AT TS 4 Rl Cache BETE Iy ZE 0, A7 05 B 1 2 AT T E T A 1 U7 A7 452 o 445 s
th Cache Ay g | R Y, X 1 PR A A1 H: A )52 9 AEﬂ’waﬁ( W 1/0 B & FHAE it 2 5 R
(1958 ) AR EE A i b g DR A58 (7 746 K 22 80, 3 B o ax AP IR . H 5 52 50 1 1
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i AE TS B A B N, B I AT A7 A5 A R

F i) CPU B 28 X4 17—, BP Cache fix BT F A6 55 e Ji 300 80007 4 A5 1
& CPU SR 718 I ol Jo) B B8 0 — B8 43, 3 I A7 i e 5 M N A oS00 8 — 38 0o S A A e
X PRAR A P AT IZ A T A il A

AT LU AR Y 0 U A SR AS i v T 8T R o I b 081 ) AR 32 A 5 1 AR
iy PR T A At A8 A5 R I ] S0 K 1

A Aot b 45 0 sl o] O A = 32 1) ORI S A i v xS i R TR +
SR OB AN i b xS S T S

- JBE B T OB T R OB O, JE SR BT R E T I AN iy rh R
FIF- 34 AS i o J|-€ﬁ.4%’-.hx\|n11t7f1
(f1iﬁ%#f?fﬁfiﬂ\ff41’ i VB = U7 A7 IR BUOAS iy B xS iy T4 (5.2)

HEF 8" M5 R AS i rb A8 RS i b T B R AN A 0, T DX S — A
~R
A5 2)fRANX(G. 1) 1%
CPU [} [} = (CPU $447) h]ﬁﬁ%ﬁui}‘iﬁ?k%ﬁbd\‘ﬁﬁq'%M\"ﬁﬁ'ﬁﬁ%‘ﬁ)xll‘fﬁlﬁlfﬁlﬂd‘lﬁl
RIAH 748280 (1) 14

CPU u-J-raJ=IC><(CPI..W..‘... +”’” UCH o o st S ot T 45) I i 0 00

Eiiak ¢
=1Cx(CPL ...+ 5 545 2 19 - B D7 AF OB A i v % x
J\'ﬁh#ﬂl’-ﬁii)x”a‘%ﬂ‘ J& 9] 0 ] (5.3)

B5.1  J—4Fl Alpha AXP RMHLEE NEE — 1. 8% Cache A frhJF
TR 50 AP BR B B, R 5 TS A il g 450 BT T AT 4 A IR BT I ) 2 2. 0 A i )
W, Vil Cache ANfimrfr 88 2% V- 204 2548 2 Uiff 1.33 K. K438 Cache X fiE 1) 5%
] .

g LA (5. 3) K

CPU I fH] ), = I(“x( CPL o+ B 5548 2 10V 2 U5 A7 OB A A o) %
A }Tir‘l)xlufﬁPHH&ﬁﬁﬂiﬂ
=1Cx (2. 0+1.33%2% x50) x4 J& ] 0 fi]
=1Cx3. 33 x4 J) $03 1} i)

I, % 18 T Cache WAy b 520 5 CPL gk 23 384 K, Al vh CPT M B AE 5 50 11
2,054 3 3,33, JE ORI 1.67 £ 1 P AN A AT Cache , 15f b J5 301 165 (1] A48 4 50
PRAE AL JIT L CPU B[] o 5 385 Jin B JSEAC 1 1. 67 4% SR fiT, 45 A R Cache, CPT o 1
A 2.0+50x1.33=68.5, B} &L 50K 119 30 4% .

MX A7 n) LA Y, Cache (947 R o] B 23 6F R GEPERE ™ 4 0 K2 i 5.,



B AR

Cache Afiy o4 F— A~ CPI £ /N1 B B 450 5 458 e 1) CPU SR 138, 52 W] & XU EE 1Y)

@ CPL,,..... BAK , 4502 JE B Cache A iy o 43 149 AF X 52 o) 59608 KC

@ FEHH3 CPUIE, AS iy of 6 (1) P07 e ot b B B0 . PRLIRG, BRGE R 65 31 S PL 1K) A7
fiff J 22 UK 58 A AR ) I B 0 3 45 2 1) CPU ) AS i v IR 0K, JE CPL b f7 4 28 45 X
GARIR: |5 N

B Cache XFFAIK CPT @ i SOl 1K) CPU ke 3 3 E 22, 1 B A2 PR X K 1133 4L
() PERE I, Qi 2% Cache (977 4 5 825 b 4 o

0] il b 0 /0 - 4 U A7 05 ) S — A A B H ke, il ELAE AR S5 V2 )y 2 Al T OF
Y5 A7 I AL A AR i AR 0 AT L e H AR Dk CPU B AT [l o 1 19 1] 1
SEUEHT T X )

B 5.2 HIEMFAEHLL 91 Cache: FLIEEBAZR Cache (BLFE 5. 11) FH
AL A Cache (LTI 5.12) fiist .

@ PLAE Cache (%4 100% ) 55 F i CPL g 2.0, B8 JH 1 8 2 ns, F 5 4
RV 1.3 K.

@ PRl Cache 75 HE 4 h 64 KB, Bk /NGB 32 B,

@ (ELLAHIK Cache 1, i F 2 P 6 £ 25 A A7 £ 1 f CPU {9 s 1 39148 I ) Ik 11y
110 ff5 . XA xF Cache 197 o] 8240 T G842 1 % CPU 1% it b 8 13 A7 11 3 114
A

@ X PIRhZ5 K Cache [ ASfiy b T RS 40 70 ns (7F 92 B 8 A 07 08 Sy 4% 804 g
BRI

& firrhmr ] Sk 1A EBRJE ], 64 KB E{ 2R Cache BIAS fiy RN 1.4% , M) %5
S WG B ALAHEK Cache [ AR R 1.0%

B EANTX CPU HEREA T A58 w7 SRV B UiAERT ], SR )G P T3 CPU TR fE

2 EH ViR )

X5 A7 i T] = i b B )+ AS i op oS iy O
DRI, 98 e 25 4 1) °F- 259 5 A7 1 i) 43 50
S H4 5 A7 I ] = 2. 04(0. 014x70) = 2.98 ns
S B AF ] = 2. 0x1.104+(0. 010x70) = 2. 90 ns
P % A AT Cache (195735 75 47 0 i) L 5241
CPU YERE N

T . HARELSMN . A o\
CPU I = N H &R N : £
) =10 ( CPLt 0 g XA ASOCR At T ) )
~ ~ L /- \ ﬁ/\ Ei/%m
=1Cx ( CPI,,.,. xI4 Ji 301 s 3
X( cenion X I JJJSSFJHIIIﬂJqu“ Uit v

fir R xS foy v IR A i
At R x AN ﬂ:#}xw]ll'ﬂﬁ])
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JH 70 ns AR A iy oh T 4 sl b s BT 8], OF ) CPL e, = 2, 10 S JUY I ] =
2 ns, BEARAE A I T SV DR =1 3 AUA A R A R B4 1 i 53 01
CPU 1], =1Cx (2. 0%2+(1.3x0.014x70) )= 5.27xIC ns
CPU B[],y =1Cx (2. 0x2x1. 10+ (1.3x0.010x70) )= 5. 31 xIC ns
X PERE L
CPU i,y 5.31xIC _5.31
CPU iy, 5.27xIC ™ 5.27
FISF- 3 U5 A7 6] ] 1) FE AR 26 BT, FL AR R Cache [P B PERE AT 4 — 2L, X JE
N AE P ALATIDE RS B0 T L B KA iy b DR A 1 AHUIT AT 47 4 B0 I o 90 I 1] 41 3
U 10% . th T CPU IN ] S E 7 0F 1 14 B o ifd L L4 R AR Cache ) 552 BRUSE fi] 41, BT LA
Al ELHE AR Cache JERZUF I TEHE

=1.01

B i3t Cache P&

CPU FIEAFZ M fE i ook iR 2 iie ol & TriF 2 RR 45 A
KegE . AN 1989 F 1995 4, A [IEF LA & 1 1 600 £55 47 X Cache RTS8 3. M4 F-
Byyifemt ) 23 oA

V-5 A7 1) = i oS i)+ AS i o 58 AS i o I F Y
ALAL T PARL R 3 A J5 hi s ilE Cache (1 PERR . BRASAS fir b 38 08020 A i 0 O 65 i 20
fiir vh s ]

5.3 ~5.5 WA 17 R Cache AL A Horh 8 R FREAC A v b 5,5 f i
Ul A A T 4 Rl T 00 di e g e

5.3 P&{k Cache ?Fa%cpg

5.3.1

PE Cache PEREAY 28 WL J7 3L I FEAR AN i vh oo AN A 20 8 Bl AR AS i b 3 19 U
o i S R ALV 2 BRARAS fi ol R 0 Jr i 22 3 i b g [B) A dr b TR D AE
FLORAE T I 5 255 05 5 18 DROUIE R I AS i o A ) 92 B (07 4 > R0 10 32 8 i

=R A H

i B A dr P i B IS ] ol AU A b s ML E 3 B (fRifrh 3C)

@ i PEAS @7t (Compulsory miss) o 55— Ui ] — N HE, 8 A £ Cache
i R At 28 h A Cache 308k 5 i MEAS i eh o 3R AS i bt Bk N V2 5 B
AN b sl Py R U ) AS i v
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B AR

@) A (Capacity miss) o W15 A5 ¥ S04 T B T o 169 B AN fig 42 36 15 AL Cache
o, D) R Pl B 4 S A ST B )k A R R AR b o RS i R R O A AN
firth .

@) g A fiv (Conflict miss) o 841 AH K o BB Cache i, #5 K 2 (1 AR
F [] — 21 (B ) b, 0023 o B AL b B A Bl i B B 4 R S SR ORI U [ 1 O
B A T g AN b BRI AS i L BR S AN i o Ceollision miss ) sl AN il
1 (interference miss)

5.3 B T AEAS TR 2 b R A ] AL S (9 4 B T, Cache R B0 AS i b LA M
R 3 R A AR AT ) HE B X S B s S fF DECstation 5000 |- Bl X — 21 KE i ) L R
J¥ A% . Cache (3R K /NH 32 B JF R LRU 53k 9 1 U6 WI & AHEK B2 1 4F 4L
AT AE AR P B LA 4 [ AL A KRN 8 [ AL AR HK R AL R bl g AN fiep
i .

£53 EARBTELFEHEBEEMNERT,Cache ARG PEE 3C BT SAILLHI

LA At AU CHIA F AR L)
Cache % it AH YK 1 .

g 3 A e A G B % AR i v
1 KB 1 % 0.133 0.002 1 % 0. 080 60% 0.052 39%
1 KB 2 % 0.105 0.002 2% 0. 080 76% 0.023 22%
1 KB 4 % 0.095 0.002 2% 0.080 84% 0.013 14%
1 KB 8 0.087 0.002 2% 0. 080 92% 0. 005 6%
2 KB 1 % 0.098 0.002 2% 0.044 45% 0.052 53%
2 KB 2 % 0.076 0.002 2% 0.044 58% 0.030 39%
2 KB 4 0.064 0.002 3% 0.044 69 % 0.018 28 %
2 KB 8 I 0.054 0.002 4% 0.044 82% 0.008 14%
4 KB 1 % 0.072 0.002 3% 0.031 43% 0.039 54%
4 KB 2 0.057 0.002 3% 0.031 55% 0.024 42 %
4 KB 4§18 0.049 0.002 4% 0.031 64 % 0.016 32%
4 KB 8 Bk 0.039 0.002 5% 0.031 80% 0.006 15%
8 KB 1 % 0.046 0.002 4% 0.023 51% 0.021 45%
8 KB 2 % 0.038 0. 002 5% 0.023 61% 0.013 34%
8 KB 4 % 0.035 0.002 5% 0.023 66% 0.010 28%
8 KB 8 & 0.029 0.002 6% 0.023 79% 0.004 15%
16 KB 1 % 0.029 0.002 7% 0.015 52% 0.012 42%
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BA AS i PR LU CRIXE (723 1)
Cache 78 4t A 1 )

ik o 58 1 AR o A fir ol a5 A i o

16 KB 2 i 0.022 0.002 9% 0.015 68 % 0.005 23%
16 KB 4 % 0.020 HOZ 10% 0.015 T4% 0.003 17%
16 KB 8 1% 0.018 0.002 10% 0.015 80% 0.002 9%
32 KB 1 % ﬁ().OZ() 0.002 10% 0.010 52% 0.008 38%
32 KB 2 i 0.014 0.002 14% 0.010 74% 0.002 12%
32 KB 4 % 0.013 0.002 15% 0.010 79% 0.001 6%
32 KB 8 % 0.013 0.002 15% 0.010 81% 0.001 4%
64 KB 1 % ()_. 014 - Tooz 14% 0.007 50% 0.005 36%
64 KB 2 & 0.010 0.002 20% 0.007 T0% 0.001 10%
64 KB 4 1% 0.009 0.002 21% 0.007 75% 0.000 3%
64 KB 8 I 0.009 0.002 22% 0.007 78 % 0.000 0%
128 KB 1 % 0.010 0.002 20% 0.004 40% 0.004 40%
—128 KB 2 % 0.007 0.002 29% 0.004 58% 0.001 14%
128 KB 4 g% 0. 006 0.002 31% 0.004 61% 0.001 8%
128 KB 8 i 0.006 0.002 31% 0. 004 62% 0.000 7%

Mz £ LU
o HTIBE I ey, pl R AS bt b

98 il Pk A i oh R AN i e AS 2RI E R 5 )
S AN i TP A 52 Cache 75 50 52 W0, H A B A i v 20 B A5 A W 16 54 i

PS.15 M4 S 3 hsi i s 30 T R da o A firep T B O 45 SRR iy
TR B0 o b [ 4 B 2 ARG ) b 2 AS i v JIr X 7 1 DX SRk AR AT 4 BT R 8
T AN DX T B AL AR ) A fi b BT T N ) XSO AR AT U2 BT T4 R R
S8 PR3 AN XY

ML S 1S i DA s 4k AS i b 38 AR0 /N . He At i 2 08 AT I ) 4 K 1 AR O
b A 3C g A LT R R B b i, R A M A Sk
LR N S (15 U EE R 1 W1V VB DS E*-ﬂé'ﬁ'u*&‘-“ﬁ’»]ﬂﬁ FLAT nT 68 25 1% 1K b 24 25 1 i
Plop A8 i T BCREIRPERE R B FF . = TR AP, B 171 K Cache PLAM, & 47 51
(PINZ
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e
A
014
QD‘\\ HHR
0.1 N 2 :
\ P (4L HTEK)
N\ 4%

- Bi
0.04 2 ,
0.02 \
N === Cache’f W/KB
12 4 8 16 32 64 | 128
HRARY SR TEAS A
100% ikl : - - HEEM{R

40%* 4 S A |
20% ——’——’//
0% \ CacheZy B/KB
1 2 4 8 16 32 64 128
SR A

P 5. 15 SAS fig s B 3C™ 1 4 A B il

I3 W 3C 1 Tk SR B KN, Lhwk D it A i o HLAE R DK A F
e RN R T BE 22 B HA 2 R A el

5.3.2 iEin Cache 3K/

WA AT AN iy o A g B S 2 S R K/ . B 5. 16 43 Hh T HEATA] Cache %5 B

10% o
A256KB ©64KB #16KB =4KB
?\G\

A

HR/INB)
KIS 16 A b A2 BE K /N8 At i 22
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T R A R e K/ G &R, £S5.4 500 T 5. 16 (1 H AR B,
#*5.4 HEMHBRAMNMERAT Cache AR E

Hh Cache % #/B
(B) 4 K 16 K 64 K 256 K
16 8.57% 3.94% 2.04% 1.09%
32 7.24% 2.87% 1.35% 0.70%
64 7.00% 2.64% 1.06% 0.51%
128 7.78% 2.77% 1.02% 0.49%
256 9.51% 3.29% 1.15% 0.49%

MIE 5. 16 a4 5.4 ] LU A T4 @ 1 Cache 28, 4 H K/ 16 B JF 85 540
IF, AN R I I S R R ARGk B LT 1o XA AWE? JERHE N KNG e A
AL A

o R [ s a) e WD 1SR A

e /b | Cache B8 H , B AT o fig 23 88 finoh e A i

TEYCR N BUINAE L T, EAR RS — R AR 58 — RPNl A iy R R
Bt AHLA8 SR/ IR I3 R E TR L 758 — R R s R i A A b = LT T

Cache 75 1t K, AS iy v 58 58 3 S IR (9 B R /N B . 81l n e A 1] vh | 46 1 K /)
5357 16 KB 64 KB Fi1 256 KB (1) Cache , fifi A7y o 3 35 Bl B AR A9 B K /N5 51 0 64 B
128 B .128 B(u¥ 256 B)

WA 384 e /N [] i 25 B4 AS i b OF S an SRS s SOS T AR R
Wef T o1 A T e &b R 2 {60 S X 05 A B D) e T 3K sk B R ARG AS A b SRl R S Ak
Jir LA PR KNI LR A B A T £

@5 Cache B =

M 5.3 [ LLE L FRAIK Cache Ayt d5 BLEE MY 5 5 280 Cache 25 . A
b B A 2 B s A | i EL A ] BERE Ay bt ] 3k Fh o i AE B Ab Cache b
(EAERER
RS EEEE

MG 5.3 R S. 15, o] LAAG P 45 22 56 L0
@ xf TR FTSH Cache 758 4, SE BRIV I 16 1 BE A L 76 B A AS fiy v 3 5 i
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5.3.5

5ot (PR

8 [ ALAHIE Ay 1 FH 28 Rl 4 HIE— FEAT 2.t gt & B3, R P AR MK BE B o 8 1y Jr 8 119 92
B 8 XA K

@ 2 : 1 Cache ZESG RN : 75 5 N () FLIEBAZR Cache [ A fim v A AIA E ) N/2
1) 19 % AL A Cache [ AN it 238 28 AS Z2 A I

A B, A S KB A T A 5 — i AR K O — i e AR e L i, 4 T
RN 2 BE A i v JFA g B o ATTIBC T D) i DA I iy ob i ) Chit—time) AU . R
T2 AR i T Ak SRR N RS 0 BT 45 B R B0 Cache s {H I ol 3By AN eh
FE55 S0 B A C et 1 i) i S S BB 22 ) Ry i AS i b SO SR R v A

{8 Bt Cache

fh AKX ( pseudo—associate ) Cache FR R 81 H1EE ( column  associate ) Cache. & [ fiE
PRAFZ FRALAIK Cache AYARAS i ofog  SCREAR £ PR MR Cache i fiy UL

R AIER Cache BEFT USRI, 750 ﬂc jEL P BRAR A R AT D). R
i DU DA L £ B I FJHHIH ) Bk 4 CPU UM S, X 5 FLAEIR Cache
)T B0 98 A A ) s AE A S s A b, s by Hﬁc’”ﬁ%{gﬁ Cache AN[i] 1, fh #HEE Cache 23 K ¥
Cache b — i E (), T%L'f]TU‘-@ﬂ B 53X S g BT — Rl TR R s s &R

By dvg o RS SR 5 4% MR 3R 51 s R OO AR AL v i X R B, Q& 5. 17 R
QIIH%L*H\LH‘J’&FL\EW!E.D!'Jﬁwfi Uttt w0 ARV R — A AR

T A Cache FLAT PR 4 iy A iy o #CPU
I Jia] € T S % 051 1 i o R A i e |
WSt BS18 bk T dTm e R RO | RRERCRy
ORI R A €5 FE Bl 1= 07 06— Bt 200 A5 2 i

DR F AW R Cache WL (1) 1F 2200 Wy b 75 )
PhAHIE Cache 725 A e i o L 05 2 3 8 = 2=
TR B I 11 2 W G PR PERE . T L, S5 i 4 :
34 A IR 201 1 95 A B o b il W6 A B A
il PR A b, Rl B e o F5. 17 fh#ik Cache iy 8 14

04 B I S 4 5 A TR (4 ) AU ik IR T ) e R 5 — 3 R L e

I iy P IR o]

Podaditid KA

- — — - -

l]:ﬂ'u]
[ 5. 18 gl dm b g Ok b ] BAS d b JF RS 22 G &R
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QU A 7 (50D b3 Dy A5 0Jed 0 D5 B o e AR T R R
[] ) B

JSAE NERIE b, DR A IS — R0 AR A WG| ) i v (VR R 2 b b i ) 25 4l
CPU K 42 19 B 52 Z Ak DRI Ol AL B A 10 71 S 37 P 6 133 4ch B0 28 H 452 08 (19 Cache
[ B fﬁ'] ill] gﬁ ¢ Cache.

7 14 51 BX

54 FURC A6 0T LA A6 A0 39 28 41 0 U7 o] 35 oK 2Z i k4 7 BUBC, FUBCN 25 nT DL B A
Cache , i 0] LLJECAE 4> U ) 3 14 L 32 A7 DR S % o b o

64 WUBGH # th Cache Z S i 44 5€ B, 1 1, Alpha AXP 21064 f 4b 2 & 75 &
P F A AN IO A B s BT OR AR A BRI Y R 45 A B, Bl SR A Bk el i
T A Cache, 1fif 5B 45 4 B DU BCAE 28 b g ot s R BEWC Cache D (0] AS i vby | i AH B 1) 4
A B E G 6 2 o s HL DU IBCT A A7 il 28 0 U [l 4 ANGE ph g b i BUX — e, W]
AR 454 B BRI A7 IR L 21064 (48 A2 o A — 4 32 B,

Jouppi (FFE 45 He & W] . Xf FHeR/N R 16 B 25 4tk 4 KB [ FL 2 ML 5 % Cache
K idl, K/NA— AP 4 2% oh 8 5k nT LA 3K 15% ~25% WA dm v, K/l 4 A3
$i 4 G ph g vl LU AR K 2 50% 1 A fim b, i 16 > B id) 28 o 8% 0 n] LUK 4K 72% 119 A
,,,,|||

nl DA AR AR 2 A SO s o Jouppi SEil, — AN BUdE 3 28 nh g% K&yl LU 4k 4 KB
FLAEMAR Cache 1 25% (At el AF T804l Cache , 0] DL FH 22 A 8088 1A 92 oh 2%, 0 50l
MAAS [v] £ M il PUBCRSCHS - Jouppi % B, T 4 > B0dk 2% o 4% o] Ll%ﬁ*ﬁ%%‘ﬂ 43% .,

Palacharla fil Kessler |- 1994 451 X —#1 BH2E 1R R P 0F5C 1 BE 68 W HLEE 4 ik
PORCEC Y T 2% nh i o AT 22 B0, 0 F A~ HAT B4~ 64 KB PU & 21 M 6 Cache (— 4~
T4 AR (1 4 B2k 58, 8 AN B s 28 vh 8% REAF i 4K K 50% ~ 70% 1) A
fiv

FOUIBCAE N7 AE R A7 Aith A 10 25 DRAE 98 (o AN R T UMK, 3 65 5 6 TR 2% 458 ) 1) ik il
oo AP RS 52 7O E AN f b i A B Sk AT RE S RRARPERE . AT 4R IF AR A0 L
£, 0] DL /D AS 2 211 FiLR

4% 1% 25 1= 1 B9 X

XYy — FHURUT 0k o AN IS TR 2 Ay 5T, Ty 2 338 45 A A oP A TR
$i 4 A 5 BT, 3 645 4 78 K #0031 2 B gtk 01 I B A A7 4 8] Cache

Fig N8 FIUBCRC R BT O A7 nl 48 BUBCAT DA DA WA A Y

o A7 U (register prefetch) « JERCHGHCE) 27 A7 4%
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5.3.8

H5 At RS

e Cache Fillt ( Cache prefetch) . HUBF i Uit 5 Cache

i BEUL 10 Ak By AR Tl o] U U3 A LA 4 el

o OB PR B faulting ) o 5 BUSCRE £ HH 90 M b il e e sl S R 4 BRI it 22 e
CER

o |E KRR UL (nonfaulting ) - Xt B0 kR b ik SRR B ids S AR AP BCRR IS, AN Ak S
W7 PO e 7 Ry s B A

S AT RO BUBOM B I 18 SC EAS o] UL T L BEAS 22 02 48 4 R g 2 (6] i) 2% Fh
B G R oA I N A U AS 23 15 R HELA il 4 OB . AS 1T iR Cache FUHCAR J2&
A BRI, U mASCE B 5E (nonbinding) K

SUAT A FUBCECAS 119 (] 1] A2 P65 540 FB 40K 252 A T AR 0 B, TUIRCA A7 28 5 1K it 80K
Cache ££55 15 WURCECG IR 0] (4 [W] 5 | 34 GE 2k 22 P& 1L 5 2 R8s . X Rl R 36 1) Cache R
HAEBHL %€ Cache ( nonblocking Cache ) #§ || 8 5 Cache (lockup—free Cache) | i [fii 4% JF—
Lihie .

i 1F A8 A5 ) PRUBCE) T A AR 7 A A RN IO RE S AT 0 B L SR
PO T BRI A A A T B/ G 1 TR P R O B R R T R IR, T
P PEE G BUBCRLERE T 0 8 SR AN i b T 890K S 13 i 00 00 PR AR SR O 18 20k, DA
SR i T A ) 4R A LB A

Top OB B AR 2 — 2545 2 M TR L DL, B80T 0 DR UE 2 A T 3 AS 8 3k 19T 1 Jiip 47 ok
P i o a3 i vl LA T ol U0 o A IR 4 nT i 23 3 BOAS i b (1 U ol L il R ) R S AS
VS ) TBUIRC, DA 111 A8 R T b ik /- K 5 £ 10 i)

mEFEMA

Xy 2 i e X A AT AR B AR A i b R S JEABBEAR Cache A i 13411
JIIEA L KR 594 B4 (02 JEAUN B8 1 AT o] e 3

Ak BRZ R T A 22 0] A R 2 B ORG KC K e £ 2 15 2% 110 B T] 25 A F A g A7
Bt 22 AT Sy, LUSOIRE A 3o 2 PRI 1) A A e PERE . X R 58 40 SR 0 A 46 4 A i op
D0 B AN i 1 R AS T i 1T PR Al B AR AR 2 3 2R v B AT i

1. BEFREMEEESR

T DAAR S b s o AL AR 7 iy A 52 00 £ i (e A . il an 48— AR b i L A
FOHTHEY R T HE 22 kb vh R AS i b, BT R AR 4R S A di R, MeFarling #5817 o
s HIHC ¥ SCPF Cprofile ) e pE A7 X A EE AL . 3B A7 — R i AL, & R 1 42 & K Cache B (2%
Ho EATREAYXT 5 JERFRR R A AT 8 Cache SRR 6 107 8 % 3%, 5 AT LA Bk 20 I
ACHS A TN T 42712 1) Cache AN i oo iyl G4

I35 G R S A R - 3 SR A AR T R 2 U RS B 4 kT LA i LR B
A A e S T e TR AL
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(D K45 7 H &b 1 JEAS B R 58 BR A7 32000 346 2 Ja W 6 A B e A7 X i

(@) 032 53 3G 2 40 ok B A i SO LI 23 SK48 %

'ﬁ{tfﬂ’r‘lltt RO R AT it 07 IJI‘M*JHﬂ"‘.BlJﬁthﬁTi}ﬁ’%l‘lﬁﬁ’: R & i R T 7
9 TP A 830 74 ) oy 00 0k RTIRE [] Jey 8% 80, ok S840 1 i B T LA A 8 g R A A
[ii] -~ Cache e rf (i) By A7 £k (8 45 in A 2 4o RS 7 03 D SH B 2 4 55 1 I )y 1 i) % 4L
JLE .

i PEOL A PR AL B AL 5T N AMIE BF S8 4 AE fh G e B L B4 G OF (mer-
ging arrays) J& R AS AT HLAR T 1 2 B GO — DG B, AR S i E AT
Jaa i PE L A ER LT (loop fusion) S 45 1 lﬁ‘.Jn’Jﬂ’le‘ﬁﬁ{AJ‘JE‘é’/\mﬁﬂ‘ SR TR
V7 ) 1) A 0 KR 2L, X AT ] 1 B0 1 AS Tl 1 s 35 X FERE 45 32 A Cache () 8040 76 9l 8%
it 2 2Z 00 L A B R A

N IATJEE T V8 I N AN B 52 4 A1 or B AR

2. ASMEIRZZ (loop interchange)

ATSERR b AT ik S 0 IR, B TP A Ik i SRR 1 A7 0t 28 oD A7 6 10 ) 308 4 735 ) o

{EIX RGO T, H "ﬁ"ﬂi PPl A2 000 A 11 dk 5 G R o B 1 RS2 O 0 O A A7 A b A Bk 1
Py AT 15 ) 3 R R A A 3 s B s s ] S S R w2 AS i b vk B
B3-S

for(j=03j<100;j=j+1)
for(i=0;1<5000;i=i+1)
« Lilljl=2 = « [il[j];
IZREIY LA 100 A5 (14 15 B 15 [n) 476t 2% L S dB e AS &
FEIZFE Y 00 N A6 B0 0E A 7 2g 4, T A R AR
for(i=03;i<5000;i=i+1)
for(j=0;j<100;j=j+1)
x [i][j]=2 = x [i][j]:
1B B8 J 1 P U 4 Ut 17 ] ] — > Cache B P 48 50 £ 8RS U5 ] R — He o
ML %,
3. ot
XA AL AT HE S Cache LA At dic & 24 10— Rl & 2 30 1o 2 75 i 1] s 350 4V ok ok
AN I I VAR 2 A AL g ) O ], AT S B IE HE AT T ) o AT ) e 9 1
] o JC IR B AL AT U0 e 2 4 50 O S A7 L A0 AN E A DR ) 8T, DX O £ 5 — YR A0 2 o B
AT FEAT V5 [R) U0 AT F2 5 i ] . 3 R0 IE A2 00 U7 (] 255 W 45 W 1 (4 28 40 5 %, 00 P A6 B A8 4k
X CHE R
O BT LA XS B A 7 ol 80 E A7 Uy ), 1 0 M e B R AT . H
IR AE A — 1> Cache HAL SR e 2 i1 fie K BRIE SRS . 10 3% S 5 1 9 1 R 0¥ &
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15 IR AT ER i R A SR X R A R
for(i=03i1<Nzi=i+1)
for(j=03j<Nzj=j+1) |
r=0;
for(k=0;k<N;k=k+1)
r=r + y[il[k] = z[k][j];
x[i][j]=r;

PRSI TG B 1 I 1 KA = 1 2 NN 4‘1&? Jﬂiﬁﬁél&%ﬁl?ﬁ y R — 15
N ATCE AR N A RS A« 47, WS 195 TYi=1, 434
B Vi [ 1 50 E‘f'%@ézmi&ﬂ@bﬁlnld.Ré&mﬁ‘ﬁéﬁﬂﬁﬁtﬁlﬁlg.H’u’l’lﬁa&
ANGEN S

J k J
01 2 3 45 01 2 3 45 01 2 3 45
0 0 0 ,
1 1 1
i? i2 k2
3 3
41

4‘,%_‘1‘ 4 .

s T T T[] s [ 5
RY .\' 4

F5.19 M i=1p A x iy 2 3 8L 5 ) 45

AR A A A B 20 HXH%T N fil Cache %5t W Cache HLRERL F
AN NxN AR —FF N A e R R 2B DA y M5 ﬁ*ﬂﬁfﬂ 1) 4238 e & fiE il i
JAE Cache WL 41 Cache 7§ i A % /J\ O R SRV RIT i I R ot O N A (B 7 N | )
PEOLTR N WHRE 2 SECN N K R drd.

A T ARIE IEAE V5 ] 19 76 K BEAE Cache rhrai SR JRUFR T 80 HUXFK/N R BB (1)
BALVEA TS, MiAS AR EORIRFE L x Bl 2 (95— A CE TP LR — AL P 3 i ) —

F05.20 i 1o HedE X 3 AN B Uil B . SS9 ML EE, Br i ] 1 oc #E A4S
B> 1. R IEA WA U A 28 0 B BN 2N/ BN YR R 2 AR 51 Dk
M 1/B, JHJ\JXII\IHJHTWJ% 1A% 0] ey A AN (] ey S, PR U 1]y )R T A ] g
B 5 A7) 5 R A6 A 21 1

HIREATT H bR — FL LKA Cache AN iy b, 43 B AR GE A7 W 1 0 £ 25 47 8% 70 1
ML U N RK AN A P AF AR RE AR N N R Cache B, n] LUJE AR JF P (1) load FI store 8
# I’I’J{Aﬁliﬁc > | e b

RN TR TR Cache {1 1114 4 PR 2% FIER 155 ol REAHE A 9 4p 4k B 45
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5.4 b Cache A~y T 41 183

j k J
012 3 45 012 3 45 01 2 3 45

0| \ B 0 Ll 0
LT T al 1] 1
i2 L_L_:,,T‘ ."2* ,‘ ) ‘ k2
3 f— Jﬂ_!*aﬁfi 3 — ‘l._,J 3
i
S N . I8 I N ) N 5

X v z

4 5.20  JrHe g AL ECAL vy oz 1T )

I ] £ 4 A% , b B3 S U2 1A i i o S8 222 ] 118 2 B R BKC , 3k b Ak i T e L
[P SIPN

“Hm 4t Cache

Xy kA Cache R - S04 fiff & 00 SO0 300 5% 1 34 38— > 2 MK /) Cache,
KON HPET Cache (vietim cache) . “H§4E " Cache FPf7 R w2 100450 8F 46 1 2 1 IS o Bl
CRPSREHE &) o B R A d b N AE UG ) N — R A7 A 8 2Z i, e kS A 4§ k " Cache
TS AT e R AT S i B Y Cache mpREAS B (e PR 0 DU R R ) S8 4,
LI B WEPE T Cache 8 A Cache. Jouppi T 1990 4R R 8L, &% 1 ~5 Tl iy~ 4%
Cache XJ g 2D 0p & A iy P AR AT &80, 0 E RE T I /0N Y (1 B 42 AR B4 Cache 5T 2 4
U XfFAST B, - IR 4 1 U WEEE T Cache fEAE — 4> 4 KB P 4% W% 504
Cache (Y 5 A iy Hhodi 2 20% ~909

M Cache (1 )2 0Ok A, H59E " Cache 0] L7 WAL T Cache FIAE it 2% 2 0] (19 3L — 2%
Cache & 75 ft /)N R FH i vb 38658 5 10 4 AR, i EL AU A B e it & A1

X MU HEYE” Cache 1S I A i A8 0 Jr ids o X PR A 44%E” Cache
W A Cache [i] B4 BIE 76 5 4E " Cache w38 1) 7 5 B0 8 Efrde . 90B5 |
WAL HE™ Cache T3] R — 207 fiff &, B 54 467 Cache A1 4i4% 7 Cache 22 1) 2 i [0]
AR R Cache VA J R 080/ AS fim b JF8S 09 7 3o d ol LABY o A1 i A 28 69 Oh AHEBE i
FIUIR A AR A8 Al A8 2 Lt

5.4 i) Cache RaachFF4

M Cache PEREZS Aol A1, 3 2> Cache AN i o T 550 1] J& 4 &5 Cache ¥ BE (1) 5 — Fi
ATRORAE . AL, 115 4 BT BE 47 A 1 A i, Ak BI85 R 9 4 5 22T DRAM 3
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5.4.1

RIS

(K41 5 X A Cache Ay op JFEY 4 DG A 4 B IR ] AS BT B0 TRDHE D98 il ke i —
[ S FOEALAE b . R M 2R Cache GEBEA G L% TH V5 2 ab 4 F iR 7 A0 A
iR AEBLYE Cache £ AR . JEep s — R i 59 0 55— 2% Cache AW A i v JFHY L X
R LB 2 W ik .

F FHAAZ Cache

VEZ 080 At P O AR 2308 CPU = 2R 58m . 5 2Z AN A /N5 A 40 1 S R
{¥ Cache Rl A7 2Z ) g7 24k, i A L5200 CPU

K1Y CPU Y5 (7 it 4 2 1] PE RE 2% i BROR BK 8 (] 81, 4 — 2% Cache ANl 3 12 42
SR, 07 LA o 78 AT Cache FIAEGf 88 2 [0 8915 57— 2% Cache  # B2 Cache, X Ff,
ST DA S — 2 Cache {45 L 08 /) Al 0 FI-Ps CPU (% I 4 J5] 301 AH DE R 5[] 1), 3
KA 2 Cache 1 245 K, (e REAl 4K S 2 AR G %€ 3] 3247 22097 a] , A 1fid e A1 55
BrAS fiy v R4

BEM A2 R AEE S T PR AT B (HCPERR M A R e 2 1.
AR LR L2 43 0 &R 5 SR A 2 Cache, W AT (1) 57 Y05 47 05 1] 24 =Xk A

VR A ] = A bt ) A f R g <A i O F S
At PR = ar ] A d R R <A RS,
i PA
V- S Ui A 0] = i fonf i) A e g (A IRE ] A8 iR xR di o TES)

(EIX A AHL S 9 Cache A i TP 2L LAFESS — 2 Cache Hf A iy b ifif 51 5k 5
8¢ Cache W UTAE R ECH 43 BERTTIER . Ol ik O = SO 9L AL F A RiE

@ Jay A, A F R 5% Cache K i,

Jay FBAS i H A = i R Cache (A fi Th OB/ 33K 9, Cache 1815 A7 8K

Xof T4 &% Cache i3, S i AS iy o A0S 1 11 19 AS i oo %6, 0 45 4% Cache K
(L7 W T N 0 R S

@ A g, b F % Cache i,

Ay A il i oA = %9 Cache (AN i IR B/ CPU k18 Ui BB
il B 2y b i A8 i 5 9% Cache 18 4 oy AS i v g
BRI R = AR x AR,

A Ty A b A A F e A i b R AT I B AR B4R T CPU R
Vifeth 985 2 KL R 58 10 % 9% Cache , Jie 28 B AA5 28 19 .

KW Cache [, B 5545 2 14 °F- 249 Ui A7 450 1] Sy
T 2548 2 11 22 U A5 i 0] = 5 2% 48 4 107 2R A vk 8 i b ), +

T 2R 45 2 1P B A i o OB A i R TS

5.3 HjEHE P Cache; 55— Cache Ny L1,%5 4% Cache 1.2,
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M BB AL 1000 Wi 7, L1 A fir b 40 %, L2 I ASfig rfoi 20 . SR 2% Fi s
107 N 1 ) N R

@ B L2 [ b ) 10 A i R 8T, L2 9 AS fir b T8 AL 100 IRF s 8T, L i
i I ] 1 A ) B R SRR S U 1S WA F IR BAE R, W) B
PiAFF ] 22207 B 254G 4 (147 Yo 45 i i [va] J2 22 /DA Isf e i 191 2

@ D 4% Cache [ Asfig oh 38 (42 o) Al Jmy 7)) S 401000 =4 %

W5 9% Cache MY F3 T A fir b %2 20740 =50%

i 2% Cache ) 4 Sy ASfip v F A 20/1000 =2%
@ U ] = fir Rk i) AN b3, < i P ] o A i R o x AN O TS )

= 14+4% x(10+50% x 100 ) = 1+4% x60 =3.4 A~} 4§ J&] 11
V-2 5 248 A U547 1.5 U, HLAEK U A7 19 F Y 45E gt i) (] Sy
3.4-1.0=2.4
Jr Lk,
T 2545 2 (1 B i if (] = 2. 4x 1. 5=3. 6 A4~ 4 i 14

TR, R SR B X B A A T i LRSS — 2 Cache SR HIS [l 7k,
YRS BRI 52 Cache BT A7 195 1 0] 26 7158 4% Cache.

XT3 4 Cache A7 VL F 4515 .

@ (e %% Cache L3 —%% Cache KIFZ MM T , 2 Cache ) 4 )i A rh %
A 55 9% Cache #1H] (1) 5.9 Cache A fiy R AE B $2 0T o 3 if nT LA JH ij g %
T4 Cache [ HIBLRIZS IR HTEA] -

@ Jay A i RS B B 2 Cache 1) — AN UFHE B, HON B S BESS — 9% Cache
ZAU AR A B A AR T HAS R 4 1A i R BB 2% Cache fA R IGPERE . DAL, 76 PEAf 4
4% Cache I, B 3% 42 Jod AS iy R X A~ 6 6

45— Cache FI%5 4 Cache Z[0] 1 ¢ & X ] & 25— 2% Cache [y 3 i 23 52 i)
CPU [ Bl 4, 145 4% Cache (038 HUB IR S5 — 2% Cache BOAS AT T8 . K, 75
WA 9% Cache I 0] LUAT W 2 1) 5 18 25 ], 1F 2 ANGE A T 45— %% Cache [ ) £ 4 T
¥4 Cache HIal I . 3145 — 9% Cache HUAF WA 0] B0 55 SR, — A J& & e &
FEAR CPT ep (-S4 U A7 i ]38 43, o) — I B A I £ 7

H 55 2 Cache th g BT AT {5 KLAB 2 Y BRAE 5 9% Cache th 7 DA — K 50, 465 —
2% Cache 78 000 L3S — R KIF 20 WSS %K Cache FUERY K — %, w8 A finp
AR . I, 5 T Cache (75 R AR K, FIad 23 F5EMLIG E47—FE K KA &E
B S 2 Cache W RESEPR B AT 25 0k A, BR8P A dir b Ao e A
fiw,

MR A lE AHIE A S 9% Cache IOE T 520 K.

B15.4 25 HATCH 9 Cache BYLL R 80d -
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R

@ AT H AR iy b i ], = 10 I piE 1)

(2) 5 35 2L AT DG foF i b g (B4 i 0. 1 A R UL B A 1001 A4 i B0

@) X T AR WAR iAo, =25%

@ T B ARG, e i A L =20%

&) A fir v OFES L =50 A~ 0Bl 1

L5 2% Cache (14 RIS X8 AS fir o T 69 0% 52 ) 41 fe] 2

B & FAEMIR I 2 Cache KU, 55— 2% Cache (A fim h T4 N

AT TP e = 10425% x50 =22.5 4~ 4 )i 15)

1 A B A TS 2 Cache DR UL, i PR [E]IG I T 109, B Ry 101 A4~ ik 4 )i 19

WS — 2% Cache MY AT T A
AN T FES s 0 = 100 1420% x50 =20. 1 4> ff ] 0]

FEBRALEE 5 9% Cache JLT- 84S AILES — 2% Cache L K CPU [W] 20, AV i, 53
4% Cache [ iy 1 INF ] 2 250 J2k B R T 300 1) % BOR L R SRS S, AT UK A bk )
IBCRE Oy 10 A~ IRl 0T, 5 DA B Ap JRCRE O 1L AN e BT B

AT AT o0 = 10420% x50 =20.0 A4 J] 1]
s\

AT IR g0 = 11+20% x50 =21.0 A~ i J 30
AN ERE AP L FL A AR 5 2K Cache 4F-

Al LARI] S 3 15 A A AR R i D 55 T Cache 9 AS iy v g, AT ik 2 98020 A i
OTF (0 H I i o ATTIDE 2 AL OR AT 5 ik A8 R A5 % 58, TR B AT DR 38 — 4 11 i v I (i)
SZMRAR IS I L 2 075 A7 0 ] e AR R — 38 20 2 T A 8 Cache (9 AN iy vl ™ AR 1Y
HRE KA SS9 Cache BR T — 22 op 28 AN i b ( PRLBRBOR I 1) RV (] 6 e o
M FE S i, DL AR BT AR 9 5 4% Cache o, b A i RO I B B 4G SR
K.

A T8 2 Cache KU, [R]RE U2 o] LA R F 38 0 5 /0N 09 77 6 0 08 70 3L A i v 2
I T2 2649 X FE 4518 . Cache MR A/INHE I 20— B BE 5, S 1 o] i 804 7 v %
ETF, AHXF R WS 9 Cache K, 53X — (A WA I8, DR 8 25 ik K, il 1
A fim oh 08 B AN PR /L LB . 64 B (128 B BE % 256 B (1 HOR/INVAR A 5 2%
Cache 2% K H MY

i BB REY ) — A ) L, B 2 Cache op i 8086 8 5 B0 IS 8 T 58 9
Cache Hp QRIS SE LSS 2 Cache H. A5 2 9040 25 Pk ( multilevel inclusion property) .
ZHALFEVERA I A B, DA el 5280 170 R Cache 2 1) P 28— S50ME 9 K

T BB U AF R o] RLE 7 BRSNS — S Cache SR 1 E/INEG B i 11 25 G
BRI — 2 Cache KB R MHe . AEX AN OL T ST SCBAL A Pk (R A AL F 5 21
Cache Anfi P b AL 200 TAF . Br4e3E 2% Cache tp BRI, 26 2001 1K 0T 45 X 1V T 1%
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5.4 kb Cache Ayt JF 4 187

YLy 4 — 4% Cache mnw X HEAAR 2 55— 2% Cache A v Z8 47 Fie B4 i, iy HL 25 &
JSAS 0 B0 P AR A S A il Sl — e R O Ak B R (il B E R )
Cache ) {75 PE 2l — Hi'f"“ A Ay i

Zify iR % E, Cache BETFIR A IT A 16 DR 34 iy of A0 2 AS i o 080X ™5 A i ik
TR . RHR A U A4 it A1 A 45 o — Jr I W B B4 % o5 — Jr o X T 9% Cache fij
ST EMR BB %% Cache 1 £, T LA 580 AL 3820 JEA fir b 8k -
KR S B 1A ARG R B KN K Cache 1 3 BE

iHERGRRETS
{E5 Bk Cache B UCS UF [l RS XS EAFEATE AL A T H#EEPERE , — Al s i

B RADEP NS Zeh . A5 9&{'1’#%&]Lrﬁ(?%f%&étﬂﬂlﬁ’lid\%,l)Sl")‘\J(l{iii/f\‘
i PN S T2 B S B (A el buﬁ:'a?}z(ﬁ'ﬁﬁ} PR S ATA

firp TR 3 A 0] R S o SR I S HE IR X AN A rh g AR B, B RS R v AR N .
FAE R AN R 2% o b LT A AT B SO R T A B AN A b i T A
T3 — BT PR AE AN fiy TG A O P AR I A W SR AT ol gE CRPVE AT b kAT D)
HAFG & nl Uin), g o] k22 b BRZEAS b o LT Fr 45 09 & S HL AR 55 28 B R 1 )G —
Fhog ik Bk A b il TS

{5 1013 Cache o] UR T 28 ob &%k $& @ PERE . (B8 A i ol 4 — 4>
B AR B . T DAASQAE 3 IS RE S i He S [l A7 2, SR 5 1 A ISEA7 6% 2 8 Bk, 1
S A A 1 R O AT B A g b SR DA R B S5 PR a2 v
WS ALEGf R . IXFE CPU 32 7 o] 56 B8 S D o8 i, AN L i (R B 0l 2 0L, /8 1A
i P Ak S 88 IV T DA R T S5 105 2 ol X3 s 9 s R nT AR R A 5 4% oh 3% b 45 1Y
ik AT PR 5k

SEZMmaH

AU ) T A B IR E] B GA Cache — AR SR — N5 B b g . W0 W% 9%

ph RS AT AT LU R R M Bk A Z R oh g . AN CPU I R A, X A A

SR ESE BT, CPU ] LAZE 22 AT I 10 19 48 4>, 1 55 2% o 28 W 67 5885 =2 55 A (7 itk 2%

TEG P 88 A N2 G O T L 055 2240 R 5 A M hE 55 2% ol 2% b 2 A 09 BT AT M ik

HEFT L4 ?E?%‘lmﬁan’-ﬂ)’ﬂ Q0 5 AT bk DT AT AV SIS TR A ok

AR 52005 JE L g g G O LS. 20 (b) TR, MR R 2% nh g
Wi ELBEAT REZEA 705 A JF (Rt 5k WUy 51

FEP 519 5 7R HIVRUASR S 45 R B 1 ax HUIR 575 28 nh 3 A7 4 i, 1 i g

W AFI 4 A 64 (i, B VAR R AT R 54\4\#“ FIFEE VA 4 A JE AT T
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5.4.4

Hiht v % (A
100 1 [mMempiooy 0] o 0
108 | 1| Mem[108]| 0 Ql LL* |
16 | |1 | Mem[i16]| 0| 0 0
124 | |1 TMem[124]i—E)i :7 ‘ (L - J_o_ '7
(a) ARG A
ik v A\ %
100 | 1)) Mem[l()()] i Mem[ 108] 1 ‘Menl[ll(L'_LMem[l74]l
= -
of ol ﬂJ__i
0 0

(b) I<m Is5a
B5.21 g ph g i M RD &

Bt st 20 5% ol dR 1,374 10 s g TR . i M OR S A3 Rk, ) LR T —
AN

Al DL X R AR AR 3 15 G2 o 2% 0% 45 [l B 1 ELRE W D IS 2% b 25
T 25 19 19 IS ]

BERFLAERA

L5 i 1819 20 AS iy RO ES 09 J5 EANTR) AN A 4 D YL/T\HJW‘ﬁHﬁBJ’I M AE Ak
ar 0] CPU P A — By, Beep fE 41 AT — Ay g CPU Sz B 210, 31X A4S 7 B O i oK
(requested word) .

R AL AT AT IR T X PR R e . 2 CPU BT oK i 7 8k 0T, A6
APASII A Cache 5L 0L 1% 7 A ik 4y CPU JF LR CPU 4EZ 8k A7, A7 AT M Fp Bk
PP

@ SR 8l (early restart) : E3 K 7 BAT FIA N, CPU b T RARA . - LIS
SRR L B K 16 45 CPU LA CPU S LR R 8l , 4K 22407 T .

@ WK FILAC (requested word first) o P B, JEAF6F &% 1SS 4t CPU BT %2 119 3
SKeF o WK HLRLR g BEE 4G CPU L ik CPU RS2 ERAT , W] I AAAF i 25 0 AL I B 11
LAYy o W 2K T et FR R 0] 2% 352 B ( wrapped  feteh ) 5§ 56 8 7 5 4% (eritical word
first)

JBOR B, 3K B FE AR Cache AR KIN A48, ™Y Cache B /INiE, JH A JH
X MG A A i R OT R 220 K e Ah AR T SR R e A — A4 A 1 b s )
Cache BRI 75— 70 (LA R 57 0 - 1% Cache BREIF R 541 ) , W) H R '17 B4 I g
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5.5 D @hitial

5.5 wdard ) 189

ALY L 1R g AT A 000 R T 1 A AU K e T LR RTHE A S R A R
A5 15 5 11 KB

JEPEZE Cache A

K R LT sl H AR, A6 3R 7 #1822 0, CPU & 4 FERPIRE . A7 983
7K 77 SR HLR L 20 B sk Tomasulo 28 Jr i, SR V48 2 L)y 04T O ihl 19 45 %
Al L R I 4 45 4 Je R A7) L CPU JC 0 fE Cache s vh 454, 8] 4, AS i b 2
Jii , CPU 5515 Bt Cache £ 18 14 W11, A7 0] 4K ZE SRA TG TR 46 4 o 4 SR JH I
BH %€ ( nonblocking) Cache a4 43 % ( lockup—free ) Cache 7 A , gt il DA CPU 1 PERE £2 5
2 X Fh Cache 5 AR P 5 52 1F CPU SE77 2Lt (19 U5 ) (4H H GE A d b i U
f]) o X R At B A Chit under miss) (M EAE KT i fE Cache A B, A JE 58
S 4i4a CPU (¥ i la), i fs GEAL B 43 05 (o), TGI8 2D 7 SEBR AS i o JF 0 o S o il —
M il Cache AR Z DA S, W LI ZE A F b ” Chit under multiple
miss) A R IgAS AT (miss under miss) 0 o] JF— 250> 9B A A b OT RS A
b AP Ay s FAT A A EA i AB AL FI 2 A AN i v I B0 R AR R 4F 4

o] A [l B Ak 0 AN A R OB & T g AT R B PR R b i B i BOR . HXOF A
R A A iy OB Z i L AT AW B Cache (1857 Y4 47 4if 2% 55 £ s ] (LA 300 o8 B

i) L BHL2E Cache V- Yo £fiff 5 55 105 0 ] 04 LU FLUEAT O BEAIESE . AR M0 8 KB P 4%
MR Cache , YUK/ 32 B AR Y ) SPECO2 (14 A (iR )Y 4 TRBRIT) . 45

REW  EES A DN 1.2 F164 (R, iF RT3 5 R e 76% |
51% F11 39% , Ifif # BOFE T3 10 °F- X5 LEAG U 2050 K = 81% 78% 1 78% . X bW, X} 1 44 %4
FE ¥ oA B3, T O B0 PR RE 4L v B ) AS KL R PR — RO A v R b " SR LT T LS
FI T AT 1 4y Ak

[ERILZE Cache K AR HE I 1 Cache 2550 & 10 & 2% B8 . % ) it 2 8 05 &% 019 I B 2€
Cache, FJEHNME . T LA, 6 BT 150504 i 25 15 B0 %5 1

2N IR o A ol R W 31 W 57 N e Al T RN o 2 <o B e el 111 ST I 2 700 7
Z,A

Ui /0 i PN ] T Cache 1 B8 A 22—, DAOR B B HESE i) 3] Ab B 8% ] e i %
M e . FE YA 2 Hl 1 fE 1S Cache [ 15 ] B[] BR S 1 A JH %% 25 56 I6F 4 45
KL S, B A Cache 5[] IS [0] Ay JLAS B Bh R I A S HRE L R 2 k. PR, o 92
U 0 /b iy g (]
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3.1

5.5.2

BE/N EHEEH Cache

g AT D Cache [ i i) o) DSR4 4k /s (B5 F ) B Cache . Tt Ak
1945 5| T4 U7 T b A7 fiff 88, 320 b T 15 M hk 47 U8R, J& Cache i v s () i i v i
RN A3 43 . FRATT I TE B8 A TR s, 1 R . /AR Cache b ol 2 i oo 6 (1] 4 2K
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il TLB 55 ¥4l Cache il TLB 4B XTF’E!J AR L, B Al Cache 47 BASAEAE 14 . XF T
W 2 Ui A748 % (load il store (1) 85 Rl2i 5 # 0l L) o 15, HUBE B AT U5 0] 1) 2 AN [6) 199 17 fifi
A B 250 o] LATR) I AT X 9 2545 4 . D3 80 Bl Cache (9 AS A v nl B 2 9 80™ A 1 22
Il B A A B X AT )R T LA R A

o UCREPET HONEE Cache rp IBCHT 26 ACHIRE” 2 0P AS

o M T E Cache SR I, 5 A%l Cache,

store 5 4 L 1 I, 231% load 454 —FE K A 84 Cache, H Adr & T8 — ek
A BN E 4 Cache 35X il load /1\ i AR AL . X A% Cache 2R 4% 55 43 fid
145 SR

store 7 4> S5 B FUH E AL 0 WS PR T 0 A 22 K HHT Cache, 7E I 55 75 W01 1], & 8
A — > load—store PAFI . 3 A BA S S Ak 345 &Ly 45 AL 1 1 A BB 7 . i 2 e
FET5 44 A0, T HL AR A1 45 5 5 IE 1 hoas ) BP0 T 384

i Cache KH ECC 2554, BT LLAE SRAT store 45 21 5 BA& i B S Cache ), 75
TR -5 Bk BB B Cache . X &3 3 75 load/store A 5] v 4 i 5 4%
P R LR 18 4 e (] o 51 B

5.1 fif B 9450
LA 2K for e i) IR ENGRPIR
A FIE I 4 MpEMg 241 A Ik % Bl v ik
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LRU ik 5 Il 15 o A ik
ANFE S Sy Bk it il P AR i e A E AR PR A A

2t 1Cache 2885 HLIN  HIHE ) i 4 Cache 80 R AP ML

A 80 B P TR AEBIL %€ Cache SR B i R AR S

Z 5 Mz 41 Cache AT EfE RS Z AR A &%
R AUSUIPR TLB

5.2 filj ik Cache— A7 " A 5 FAF -7 )20 X

5.3 Bk ATMEILAN Y BT AT AL

5.4 BEA—" Cache— (77 )22, Cache 2y 4 Pt G478 8 B i B4 F LA 3 R ad . im {h
JEMAG O Zom B R E S Ui Ar e bk o 5 B a9 9] (index) o

(1) 2HlEk.

(2) LA, B 200 M B

(3) HiEm(%.

5.5 ik g R B R4 K MO Cache PERE I Jy i AT B JLAP 7 ] A LS A AR

5.6 4IAHEE Cache (1) A @y 3 HL TR 25 B P2 Cache PSP RGO HE & 15 10 45 16 .
K HVALAIIG & BB R PERE L géin e Al 4

5.7 fi i AR G+ P BRI Cache n’vJ}L/I!‘*”@ EAathisi?

5.8 fRi&AIE 4 Cache (1917 ) 5 4 8 U5 M1 (19 75% , ifif % %4 Cache (% 55 ) (5 4238 15 [l (19 25%
Cache [ i SR A 1 AW RP I AS fr b ST 8S R 500 AN I 8 30, fE TR & Cache 1 — K load 8 store
FAE Vsl Cache (19 i o 0 ] #6552 18 Jm - A~ 0 & s 101,32 KB ({145 4 Cache [ ASfiy th ¥ 0. 39% ,
32 KBAORCHE Cache A A% 0 4.82% ,64 KB 19IR4 Cache AR A R0 1.35% . LB RIHE

FLIA S, AT D R ab 2 L L2 S 22 b 28 g LR 19 F 15 . X454 Cache A Cache 75 51
1 32 KB (13 & Cache %54t Ky 64 KB (193 75 Cache ML, WEFP Cache [ ANy h B 90AIK7 PIRIRS AL
X U A7 I ] 25 4 2 b

5.9 i AE 3000 WU 5 — 9 Cache AN At 110 3K, 55 — %% Cache Afigrf 55 Y. i) fE
KRG BL R L% Cache ZREEY ) T AS v R0 42 g AS b 48 1k 200

5.10 #55E VAR iR B0, T3 FLIE W% Cache FIBS B LA K Cache 1) #4515 [n] i fi1] ) & CPU
MPERE . i FSE A R GE 1 I AT 28587

(1) ML Cache B50L 1 CPL R 2.0 b 30 5 1 2 ns PRI RAG A UIAF 1.2 K.

(2) Mi# Cache 75148 64 KB, H K /MR i 32 B.

(3) ALHIK Cache rH Z2 fSEPE R0 CPU (5 R0 1 10%

(4) XM FP Cache (19 A4y b T 85 #6 L 80 ns

(5) fir bt i kg 1A g 40

(6) 64 KB {{EW{R Cache YAt 360 1.4% ,64 KB # {41 MK Cache Y A% K 1.0% .

5.1 fEfh AT, {F'iﬁmfﬁfz%rW%{fﬁ?H&ﬁ‘ﬁﬂmim 10 AE 55— A8 AR BB (O A
R, AN Ao 33 9 AV R A T A e R LR S B A R RS A b TR RS S0 AN I e
1.2 KB P42 M{% Cache 1Y A fiy ih & )-J 9.8% .2 R ALABE I A A K 7. 6% ; 128KB 1 45 M {4
Cache [ ANAT 4 1.0% ,2 PEALHIKI A @b £ K 0.7%
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CORR N

1) #2491 £ T 1 28 X

(2) FIHICL) th3 8022, xFF 2 KB Cache Fil 128 KB Cache, i -5 O AHTHK 1) OF- 25 15 47 15 [in]

512 fRUEK AR A Gl 2% R G0N 1 A CPLJE 1.5, F A7 838 40 A InF i Ji 199 5 14 4 8 %
4 B/ JE 0], T Cache 1 50% ({28 B0 1. 4B 47 32 B,20% 45 A I Bl (b ik 454 . JF
{5 B BEA 5 A7 AF TLB A i hs Bl F 55 22 20 I 40 8 W), TLB A 2 BEAIK Cache fig 1% CPU /|
174 Mok ok Cache AS iy vpr i} 7= 24 (1 Mo kAT 0. 2% PAT (€ TLB 48 5],

(1) fEREAL TULB B850 F LSRR S ik 16 KB B R IE f+ Cache (16 KB P 21 AHICTE {5
Cache 132 KB P &M% 75 Cache 15 HLIM 95 FR CPL,

(2) fES92FR TLBRE & F (1) p 85 B3 BRI Mk 16 KB B 3R I 7 Cache (16 KB
FALRIE R A Cache #1132 KB P 4EMUQIR & Cache TH5LHLIW 92 Br CPL,

JEp % 16 KB i £ Wk {4 3l 5 Cache 16 KB ¥ #% 41 M1 IR &5 Cache FiI 32 KB 5 £ M A% {1t &
Cache AP435 0 2.9% 2.2% F1 2.0% ;25% (W Ui{F RS Vil o

5,13 AR ALYl A7 1 000 000 K IZBITEREA RGBT, RYh Cache (1A iy
HH T% I s PEAS iy b R RS A 25% b R A drh ki 50% . )

(1) M AiFxfiZ Cache FIT 142 1 I — 40 28 Jat 41 i RHIOG T3 R, 0k sF 30 522 R 8% 304 1%k 1140 d5c K AS i vh ok 8K
JEZ D

(2) Y AVFREN Al 4 @ Cache 1425 R /N FIATIOE JE B st B 301 52 68 408 31 B3k 1) Joe K AR i o ik 4
vt 22

5.14  frik—GIFHLILA LR R

(1) 95% (i {E4E Cache HhifirH .

(2) BRIy i~ 7 L HAR i vpit 6 A e g i A

(3) CPU % il Ui A7 il R ity sk A 10°F /s,

(4) 25% Wi RS Uil

(5) frff a8 00 fpe KW 107 /s (AR s ) .

(6) EAFREW ARl S 1 7.

(7) {EATA I fi , Cache W A5 30% (1) B g 45 Mot .

(8) H Ay, Cache R &5 43 B i o

AR AT T LA S — G S A U e AL RO E AR TS T 2. X T LR AR i
P 2 A1 8 147 B 48 L

(1) 5 f{ik Cache

(2) L[l Cache,

5.15 B EAER AR IAEAE RN R 2 ws AEBE T KO 4 BRI m ARG % X ikl . ih T
£ BB, A 92 By e RIS B R Y 0.6 £ LR A7 SRR SE N 4 MB/s, [u] 4 (7 48 (A %K
VRIS 2

5.16 B AAFh 8 AN AEAH AR 38 X i dik S5 X ALL, EAFA AL | MB, Cache 78 i Jy 4 KB, %K
A FAE IO AF AT — AN SR A ARG s B A, TG T SR 6 92 B ML hE A s . R KT
SR AT M AN B T3 R AV

507 BT AF AR 32 0 F 58 ARG AR 1 IR UIAE B A S B B RS HE R Al 25% , 5K T {7 ik
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& 00 7 1) 380 060 2 B CABEROCK 16 W7l sk T A3 A AR 7
5.18  (E4EAS Cache {7l 85 11, 1 LA 24 5 B LRU BR300 . 2 Cache WIR¥ECH 8 I T &
DA i e A% 7



EO6E WNWHRESR

— AN/ AR

— AN/ B ZROTER TARPTER
— B th mE & T4 % 5] RAID

— %%

— il 38 4L 3 A

—1I/0 5 R4 &%

A/ ARG AR /0 R GE, A A/ B DA R A B L A AL
M . A/ RGP R G A A, B e MO ALY A A
fri BoscHi, 8 & 5 T H AT AL AR KA by Sh il A fiti A . AR P E iR S &

6.1 WA/ BLARKHIIEA

A/ ARG PERE X CPU [ 1 BE A7 R KA 52 W, 45 W27 I PR RE AN DL, i A/
it R GEAT AT RERL N B R AT, B CPU I a2 A i AL R ey — 4~
SRR L AE ZR SRR I (] - A S A R bR B AR O A A T B B 15
B G5 F T A6 b ] 0 A ) ey o 8 4 b e A/ FR G 1% e O IR ] A B CPU Y
Kb P E] G R e A/ R S Y e LI ] AR CPU R R BT -

SR ERAE R T AT LA i BRI A A S L T DL i AR A 2 A R
A DERE A S5 A/ AL PRLRE A O F ] LR CPU 3 RE s AS 23 3t 1l 5 1)
WA, 22 PR E R FUREBE & RGE MY A nk A, JF AN BB A R G2 (¥ i 7 B ) . 4 JC B
[ia] , B0 5R P P AN S0 W 1o I ], A 2t B A8 B AR, s AN 2 BAE )32 1 T 1
VRS AL 1o I3 Oh A S 1) 45 55 b PG 2R 458 e 107 I ) 3 B8 1 1 B v 11 EK

Amdahl E R W] SHRAPLR G M PERESZ IR T R 58 b et 84 . 76 2002 4F DL
-1 Z 44, CPU (PR RE 1 47 1Y IS 2y 55% , ifi i A/ it PERE 19 4 s 20 /N 20 i



6.2 i A/t R GE R o] 5 al HIPE R AL £ PE 217

A/ AL BIBEAT W) S IS 4 T BIL AR G B DA K ke i SZ FRT i AL/

PP A /K T R eV RE I 2 BT AT JE SRR A/ AR G R A T N ]
FIERIE 355 3 5 T 1 IR i A/t 52 mT AR S0 R G A O 4, i A/
3 BRI 5 b AR A A/ HH R G T ARSI i A/ B R S — Rl Al A A/
RGPEREMY ik 2 5 B A/ B AR CPU AT IR Bl B 25 e 5 AN 3 7 A AT
I e A R 1 i A PR A (A 2 R A EAAT I LR T & b

6.2 MA/MHRENTEHE AR TG

B 178 4k B R A% S AT I S OGO A A R AT AR o RO AR R B
Tt ] LA T i W 22 SR 4 A AR G AN R I R i e (ELRE T P I 8000 A 2R 2 2k i RT RE AR
AR T o BT DA Gl B8 O 3% 0 2R 1 st DR 4P e TP O 80 o BRSE L R 4 b oAt i 41
FGH A R L AATIAE 7 X0 i AL/ i 2R 8 0 R SR AT S R IR

F W A/ Y FR 8 T PR 1K) 2 806 T §E ¥ (reliability ) (AT I ¥ (availability ) 1 0]
{5 Pk (dependability )

AGEM ] MR RGN0 2 5 SO R — HE SRR SR, el
FF 2 93T B 8] ( Mean Time To Failure , MTTF) S fif B, MTTF 431 8000 & KRG %
HOR . WU R GE PR B A A7 01 IR 5 8o A, W) 2R G0 48 R 0 2 3803 J &3 R 1
RBCRZ ARG b W % 1 i ] S 24 & &2 0 (3] (Mean Time To Repair, MTTR ) 3
iy it

FA YL ] HIPE R4 JR G0 1 LA 1 I 1] 7 3% 2% 96 WK OE R 55 1) B9 R ) of Br o
5 2

MTTF
MTTF+MTTR

Xy MTTF+MTTR 3 3 a] LA 29 2 3% a] B B[] ( Mean Time Between Fail-
ures , MTBF) {0 %% .

R GEN ] {5 PE AL AE IR 55 (0 5Tk, B A6 2 KRB b onT L& 2 MDA Sl R 55 e T 1
Al P T AR A AT HIPEAS ], B JE AN AT LA S

Bl 6.1 (RS REEMA B REANTH MTTF W1F .

(1) RGBT RS0 10 D RESHE B, BA1E 85 MTTF 24 1 000 000 /)i

(2) 1 4> SCSI 4 #% , H: MTTF % 500 000 /)N,

(3) 1A AT L, H MTTF 24 200 000 /N

(4) 1 ARKUR LI MTTF 3 200 000 /)i

Al Pk = (6.1)



218 &6 HmAEMH RS

(5) 1 # SCSI %4, H MTTF % 1 000 000 /N,
1A BE A T 104 A A7 S0 MR MR K020 At T BB 2% T3 A2k 7 550 e It A L2000 57 11, SR
NRYGE MTTE
B BENREMNRBEN
A ROy L, 1 1 1 23
1 000 000 500 000 200 000 200 000 1 000 000 1 000 000
A MTTF Jy £ 48 808 i 181 4, BP

MTTF =% =43 500 /i

RRE S 5 45

P i ARG ALGE A B9 0] 5 R ) 7 ¥ A 45 A7 %0 7 J7 % (valid - construction ) 1 4§
J5 i Cerror correction) . A7 &K H 45 76 4 1 22 40 10 2k 75 o 70 B 5 B B AR L X R A T R

KB R GUR A 22 BUB R . AR T I AR A RGP R AR B Oy 2k o SR BRIV
BLHCRR , T DL ok 28 45 0 B R IE R G0 AR .

A PRUETCAR A B TE BT BRI AS & 880, 38 0K A AR A5 B 8 A AS Tl ) 35 1
o KRS i 1 SR N R R ST AR A

6.3 BRMNBEETTRMAES RAID

il £ 1 51 (Disk Array, DA) J& i 224> 8 CEL A6 9K 4% ) IO AL 53 R AR — K4
HEM G o X AN DURE H B 7 by AR A2 KA b ) 0 B A7 6 48 R 48, M0 LT D4R 5 R e 1
PERE , I b 25 M 8 0 1 22 A W T LUOJF A7 3t A . R R 81— MBS DA AR AN Oy o7 4
RO X 2y 3 oy A3 B 2 A WERE b (S AT L) o 2% A B A5 R B A7t 2% R vT LT AT
Mo Ak B 2 AN B B/ UG R, AT e B 170 YERE L XA IRAT R A W T I % L

@ Z AL TR AT Rt 2 A G BOR R AT AR PR . X 1 170 355K 11 4k BA %5
T I 1]

@ AR AL U] 2 AN B, ko] L 2B A YRR ORI T AR B, xRy TR
AN SR A R A% R

Wi 8] v s G 1) RO PERE RO P LB 2 . ELR , RE RO M Y N 2 5 S0 B
SURTSEVERY T EE o QURGEH] T N A A0 R 4 57, O 8 A B 57 B W P 2 B AT
A RA G 1/N

A L ok A5l 5 B 90 B B U AR S M A e i A Tl R, Y A g 48 Ok ki, &
IR0 T AR ICA Sk b i 5 SR M . S 3K A 2R 0 B WK A (M Ol e
o) Z 00, R TS A RERE I RO RE S S A A REIE R LA, BT RGO



6.3  HEM W5 AL IUAR FES RAID 219

JCHI BRI ] MTTE A U4 ifi 7 24 42 i ) MTTR 2A7 JLAS /N Bl DL 65 B2 AR fili 4
0 485 1 27 1% 0] SEE Ll B AN S e AR 22 X R B [ 5 PR R A ik RO C AR B B ( Ree-
dundant Array of Inexpensive Disks, RAID) , 47 26 ¢} B HL R S 2l 57 /6 8 0 4% B 51
( Redundant Array of Independent Disks)

K 2 B50HE 4 B 0 A A BT LA LR W A A ok DX 50

O B 58 AF TR RLIE

@ TUAEAE 157 12 LA A g £ B 90 oh i A il X

B0H A8 SUAT TSR A 2000 2 FIVRDRL S 22 43 o AR BE i 480 5] J2 A Al b A B
1 30 AR X A8 /N A S8 SUAF T . R JLT- B AT 1 170 33K, AN R /IN #0822 7 i) o 48
W41 e g T AT A . EZS L T AT 170 TSR ARBE G5 ARG AR 55 1R Bt AL i o Lk i
FEAT AT B[], 45 SUAT — A2 LA 17O e b B b, ifif HLA A 1 8 S48 2 DX A O A 3
SRGEAT RE AV R B N ]

HELRE JEE 0 43 e 471 U RSB0 LR 8 ) RS S8 SUAF TR IR LB /N 170 iR R
i ST B 1 J LA B, AT BOR U A R A 2 U5 R BT A i R . 2 B0
RIS (1 35 SR T LA ] IR A+ 3804k B oo~ 2658 R RHLASE Py T SR A S AR A ¢ o ) £ i

TG BEWE 5 R B8 TUAY T S D LA R A ] 28

@ WS ICARAE B A 1 RE B 51 K 2 0 e SR T A A S A, 1E A7 R I
% 5% Reed-Solomon 51 .

@ WA AE B A B S P R DR APIR L ——RIEIIREE
PR CE DB LA B s AR IR A B 2) A7 BB B A i v o

— JRAR 22 RIS — Rl vk TR € T ke e ) R ]

{6 RAID rp 88 o C 4 7 8 8 A JLRP ATl 18 7 3 AT 8 1 AS Tl i RATD 24531,
£6.1 ffiR. 459 RAID [y (C 4 Atk GE 45 A M I o

#6.1 RAID I RRHEMH

Al LA 2L 0 R A
BOUL R B B 8

RAID £33 . iR 24 e 14, AN
" A " LA
RN
0 I it

o gy | O WEAT %5 il JF A7 24 5 i A i B
S i 0 A Kl £ A7 | HNia 7z N R

{7 ik
4“’[‘!}"1‘- :u" z V.
- 1h?djﬁﬁﬁy~§ Fo U 723 ] I 65 dge K EMC,HP
L ‘%“‘1%{ | /|\|I&[;ﬁ,:; ﬂi;%(%{d"}&.t“}éﬁ(ﬂé;@% > Ifll (E!lﬂj?g[{l’]%'{muﬂﬁ (T | )
2 o e R ) 5 Tne andem) ,
8 A~ Kyl &k FLIL /I HL A 5 8 ff e A

. %) IBM
O RATD e




Fo ot F A/ R A

Lk
T L 22 0 A
BB B 8 )
RAID % 5 e e o
e an
RIS
2 lem |1 A K i et g g | o s T 6 2K
M. N == &y 8 2
t;uﬁ 4Lr%& s B A
I ORLL A 1z
. o [ SO 10 1B
2T S . o 7 1 /S (R | X/ BB B AL 9
2 1 e 1¢#ﬁ& ORI B ), MRS | AR W ATER AL G | AMEMEE
% S 0 W AR 945 9 P %
4 Heag L e . . ; -
N 1A B Ko 25 ) O 65/, AN BLRE | R B 2 N A ‘
A1 e ‘ ORI I 4 i
o LA K 0 e B AR 4 0 i1 i 50
£
5 Hess %
ﬁWi I A HR M B 6D UL | M A |
1) A
mpg | TN 6 10 5 40 i il i 4 K
ANHLRE S 8
O PR ot SLAT B2 A O | DR A 6 % R
21 i o o ' ’ ¥4 24 1t %
;m 2 4Kl g it J; 0 F B A (g | B
' RAID 3 4.5 [b4)

RATD A G 8t [ {0 G o] 2 B0 R4 48 1% i e o 3K A [ 880 AR e At e, DR oAy 75 10 4
Ji DX R T AR AT B AR BN AR AT A T & B2 B DX 8 R I A L . A X X e
) B £ S5 AT 32 IR R B g DA G T 39 5 A R

B RAID 9 75 — 4> (o) B0 G foy ouk 20 oF- 3546 52 0 ] ( MTTR) . SRS () 00 St 1 &R
G rp g A es 3 B Chot spares) . FAF 3 fEE RAID (E% TAER A RIEM . HE, —H
RAID v i) KA 0 4850 300, I & 1 SR AR B R i b A7 T . AR 35w 43 v 25 2K 1 K
PR LA O A 2 48 LA B A 8 b 5 B R T R M R R A R b R X A
LR A B, SR AE AT R 2> MTTR , I iF 2% 3008 19 18 5 © A & He s MTTR (1

5 5 Oy A OC ) — R B AR 2 A D) (hot swapping) £ R . HA # Iy &
GEALVFAEA KCHLIING O0 T e o5 . X FF, AT & I SR B U B R I RS &
B S 55 o 22 5% 09 KR 37 RO 2045 03 455 b T T M e, OF 4o 9% % ) 8 8 T4
B MR B T B b s 0 B A I



6.3.1

6.3.2

6.3 WM IR IE S RAID 221

RAID 0

RAID O & IEICA M 891, B8R M R R U, B JF AN s T RATD, fH I 45 1 A 4T E 41
H RAID (550 9% . w0 fd RATD v fg i 0 i) — b, S BURSOAS eI & R 48y T4 G B
VEEAE BRI A3 R BB T AR RE B e R B U1 2r MUK (surip) |, DA ZR
F Ry B AE SUHE 3 A A7 3 2 A E b i 6.1 TR P A B LC D e SR I
HES I 2t IR /ANRR R 2Rl G . ANTRT 1K) RATD ¢ B v Fiv SR D 8 2% 415 9 15 T RE AN I]
MG A8 B 91 e T T I 6 SRR I i A 18 AR ] AR AT A &8 FLBE A 1
i ar . P HPEREAR

A B c D
E F G H
I ) K L
M N o

K 6.1 RAIDO

T RAID O AR IO L EURBS AR o E g 8k & Hwd Jop
(AT AT B 8 ) B AR B B A RGN L TR, R 2 AN RE S0 R G i ol 5 ok
FER A R b s B 1) 1T SV SRR 22

RAID O 3 JH i % s it 5 i 55 5 0] (9 3 &, QPR Asiak RN 0 e, B a0 b 50 %5 . X
A XN P R PR TE A ] BE FE ] G

RAID 1

RAID 1 & dg KA Rl OC A% % 85 1 9, Bk R B8 1% 4 & ( mirroring 5§, shadowing )
JEAZ o JEVALUE X8 JT AT 0 0 B B S i 3 U AR & 0y o W1 IE] 6.2 JT /s o 3 Al i 43 5% 41
Tt B T 0 5 1) S BOAE SR T A4 iy o 8% A~ B0 W0 A% o R YR RO S AR SN AR B
R AL ASEBEAG 8 o DR A ZR 48 b AT 8 B AT A

Y DNAZE 0 P 1) 52 BRSO e i 28 R PLBEA% 45k ol e 7 ) I T o e e i B 1
W B AL IR o I A XS A% U7 ] 3 R 0 I B[R] < 3 B e i 48 38 11 A dpe /)
It LA RATDL fig 9 SR M i) 1 O A0 . X 170 B, ISR AR 10 A A 1 B4 2215 A
R Ay o] JEA7IEA T, ol FLASG S0 F SR80 15 L, 97 DA MG 138 1 4 591 9T 9 1) RATD #ple

Gt SR B A 8 L0 BT B A el LB (R SR B R G RE Ak 2 1AL LR R AR
UL I L B R A AR AT 0 B DA R T O R N B B R A
SEEA TR AR AT L R SO I A R BT 0 JSUPR ] e A A e B A T ke, 5 0 £ 2R



(3]
|5
[

W6 AR

[ \ \ \
- — i S s l R g U i Rl Sy 1
s ] S——— i —_—_—| — 3 | ‘
A A E E 1 | w‘i M M
| | \
‘ B = B | IL_F = F [ J = J [ LN = N ‘
| || - | [ ] [
L c C 4| kS G i K K _J k0 o
D D _JII[_H H H L L w; P P w‘

Bif% % Bifg Bifg

% 6.2 RAIDI

SERAR T ORS IO I R ,  EA RE R G T
PRyl B2 A 45 L BT LA RATDL (8 92 BB A B g o (G DSt B0 R 5 3 b 77 o, S T AT
U A 06 4% 84 4 v |t T PP

6.3.3 RAID 2

RAID 2 S A7 a5 00 il 85 B 90 0 2 I LAAT 3X RE B 24 B, 0 IR B 1 % Hamming
ARG SO A T 18] 6.3 0 4 A B L RATD2 R G 1, B AN Bl B8 A7 I
ATRCE 18— 7 FZ A 5 AT, B Disk O fF R A7 808k 7 19 45 0 37, Disk 1 4775055 1
ASLIAE WO AfE . G 3 A R AF I Hamming 20 R A 181 P 8ol 800 B 47 K9
J A I A S MR A I A 5 1) Hamming 5, #1401, BO ~ B3 F 7 B,
H Hamming 2 {515 ( ECC) Mt Bx ~ Bz A YR8 85 A B 5, 58 8 Z 12 i Hamming
it g g >R B R I 2 Hamming A 352 H A, JH T 40 W B8040 Ot 75 A1 R
Hamming ) HATA 5 1 A7 B AU I 07 5 IR I BE JJ o Q2R i B0 7 1 g, i o] 124
SERI LAY G F

A0 Al A2 ECC/Ax ECC/Ay| ECC/Az

BO Bl B2 B3 ECC/Bx ECC/By ECC/Bz
— — —

Cco Cl c2 C3 ECC/Cx ECC/Cy, ECC/Cz

DO DI D2 D3 ECC/Dx ECC/Dy, ECC/Dz
TFA=A0~A3 ‘FB=B0~B3 FAMMECC=Ax~Az “FBIECC=Bx~Bz
FC=C0~C3 ‘FD=D0~D3 FCMECC=Cx~Cz ‘¥*DIECC=Dx~Dz

[¥ 6.3 RAID 2

RAID 2 Jiridi (19 Y0 B2 TR A7 0 Hamming 516, JEAS BN logym 9, m I 504 8
189 A 580, A B 2 B X 32 S SR B8 TUAR B AN B 7. W LLR
T B0 B 00 AN B I D0 A 0 B B R0 L B LA 1 ORI R L i g R



6.3.4

6.3.5

6.3 JEM /LI FE S RAID 223

BAN RGN IR 2 AR e K . o) A B A I R K 2 A 1 C A AT 21 Y

SR AE RATD (5390 AT IX 2 AN BR T OF BeAT # AR 1K™ o
RAID 3

RAID 3 R4V 48 A 42 55 % &5 142 41 ( bit—interleaved parity)

FEF 25 A 8 ok ) AR R S T 2 AR i 0 AR ) A B S WO A B R T
PAASTIIR RATD 2 5 £ R T A2 2% 119 Hamming %5, it K JH A7 A2 0 sk 6% 1 14 6.4 4t
RAID 3 (% G5 Pl Pl oo i R 50 8 20 71 DT A7 BCRSCHR 8 v b 007 8080 10 25 A A 5 481
A B AO ~ A3 (1 25 (A0 L B, B BO ~ B3 (RS I -+ - £E B4 15 ARG L
O BEA TR IV 10T 08 e 80 (07 9 15 AR J8k 2 A R N o SR s 8 K R A ik
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N Tp(Ty=Ty==Ty=T,) . p GRFREHEE n DEHE S I F TR A

Tooo =208 4pnT, (6.7)
k
Hol RN
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TMM_BL”(:K:P"’T:_PHT =£+T (6.8)
k L T
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(1) Foe AU i, B i 2 T A S5

Sovre SPuax-wyre
Suvock Sfuax-nrock
Sosereer <fuax-serecr (6.10)
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6.6 1/0 SBIERAE

BAE RGN Z IR AR 20 22 () R AT HE AR AR B, 33 Rl 4 47 A0 45 A7 38 9% 1 1) A
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6.6.1 DMA F0E L7 0% 25
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B i [ S5 i FH 4 Pk AT DMA &4, A7 A2 LA F A ]

D Y80 2% vl X K/ it — G i 128 o XAl A 22 A~ 00 AR B LA il g b
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1I/0 #0 Cache ##E —E &

1 T Cache 23 ffi— A HcHs B ARl A . — A1 Cache th, o5 — AN E TA7F . W
R3PS BIAS (G (B AS ML) 8 BE T Cache Bl AN — Bl 5 BRI iy T2 [l i
BB Cache FIAEAH#S T 0 (EL, 0T LA AR08 B3 WA BIA PR $F — 2. BRIk AR
RS A Cache , AN BB A7t 25 A 32007 B0 38 7L 22 905 [l A7 4 & (248 BT 7 1) BR B 4%
) | R E— 0 .

PA 13 #6 S48 Cache ACLpfy —SOPERIR, U1 SRAE 170 B4 05 A7 fif 4 1 33275 #45 o
HIEHEE W OUR A e 7 TREH BLLL N P AR O

@ X F5 BB, CPU R T Cache ARG, tH TAAESR N A B A E Cache
PRI AS AL 1/ 0 R GEHEA T i s 45 1 15 7 75 280 110 50 4 THAEL

@ /0 RGEHATH AN G A7 48 (0 WA A A T 424K, 5 CPU A Cache T
I N AR S TH AL

P 6.20 Xtk AT 7 UM o P s Cache SR 5 ulik , JF H AT A O RIA, B
B @A, fEE 6.20 (a) i, Cache iy N 25 15 17 i 4% I A8 0 — By, B A7 =
A,B'=B #EE 6.20(b) i ,CPU XJ A B4 15 A (5 AfHA 500) , X i) Cache H i | A
AR T 500, fELPR RS SR T 0l A7l P A B IR . Q2RI HEAT 170 4 th
P, P2 ICA A P i R B A B BT B 1N . FEI 6.20 (o) Y, 170 iy A B4 A7 fif A
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| eu | [ o : L v || o | CPU i 110
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14 6.20  Cache 5 474 AR — By f B
% 6.20 AR B /O 42 S AA6 4% bl QA4 170 B % 3] Cache [

WA 24 170 PE RIS A — B 8L XS , Br A 170 B4 Fl CPU 4
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W6 BT WA RS

HE7E Cache 1 FIEOHT (9 BOHE . 3 Fl i 2 (1 1ol l 76 T 170 2B CPU 325+ i ] Cache,
1EHEAT 170 B, 235 i CPU @450, il H 170 38 0] fig 2 B 3R Cache H CPU 1 [A] i) N
75, P 170 VR 1] fig 9 50— BE 7 B0 BN Cache , 11 336 26 57 S04 AT B 76 2 ) 4 9 R
Sal CPU i), PRI F 2 3 PR HLIA 2 i PRAE 1/0 T 3 3 B B0 A7 % 2% b, JE47 ik 28 1)
R KR R 170 28 g TR X CPU 5T 4, I B0k A D SO AR — B ] L

HITRTR A, 1 Cache SR FH5 1 30 L 77688 o 00 10 25 282 BT 19, MEAT 170 #
B S 2o A RS T A LA AR 1R A RR JOT— S 0 B A B N A P — B )
W, AAE Cache &K E Bk G [l ik, &8 vl LA 3 AR ik R o & 1) — 3K
P [ 451,

@ KO 7. BEEARIE 170 28 o 3% b (8 BT 4 4 BRES S E Cache w1, HLAK i35
1Rl — Rl AT 1/0 8 vl 3% 4 Uik 15 0 AS AT 3E A Cache 1, 7676474 A SR 1E 1, 2
11 2% 0 2 S 4L A9 B0 3% 08T 5 5 R AR AT AR 2 L B R
J1 Cache 15 170 28 w8 HI S 95005 £E 7 Cache , B AT I3 9 55008 e 38 8 0~ T4k
ARAS . MR, & RS W3k 9 Cache, 1] FLZBCHE B8 06 MO, 3038 7 2 40 4 By
WNAE MGG .

@ BEPFA0 7k . AEREAT 4 A BRI , K025 AR A9 170 Mtk (1/0 28 whgs o i o o0 )
J& A€ Cache vy (BIE 7547 BRI A ) o 3% 3 i 4235 26 170 i dik 55 Cache o i b L33k
FT BRI . o T X 26 4% fiE 5 CPU XF Cache (K97 1] 347 HE4T , T LA £ 1 B —
A5 55 M A BRIRAERE 25 . W &I 170l {6 Cache t45 DS AE () , SE 40 A Y (19 Cache
PUEE KT

6.1 fEBLAT 2500

W IR AT EEVE T FHEE elfEtE RAID

SPE iAW W R B4 DMA
6.2 RAID A7 W26 53207 45 A7 il 45 47
6.3 [l SR RIS B AR B AT At s 2
6.4 JEEAF A 3 RSy S AT) o B0k R Rl A [ 3 A5 M 557
6.5 {E4i Cache Wy HL ARG b UEFT 170 B mE, 22 77 Az W6 2 B0 A — Bl R o] v Jij 2
6.6 —ANFE L HNIE %A 6 BB T AT Y B AL S RN K 6.6 TR,

F6.6 6 A EEMNYBEERER

LA 44 B D, D, D, D, Dy D,

BG4 5y 3%/ B/ ms 50 \ 50 40 25 25 10
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(1) P15 %0 38 i S Pr U4 O
(2) #5380 38 (g o A0 26 T S b TR ARG I () TAE RN T+ T,
6.7 UEHASBAL L G I B BRI ) TR 1 s B S — AT B TR S T, O 1 s, —
A 2% 38 B B KNk 512 B BLAT 8 £ 41 B0 1 B 424 i sk SR 43 0 AN 26 6.7 JUF /1%, ] WP 86 A i8¢ ]
JERE R s A

*6.7 8 AMIMBBERESR

i % % B D, [ D, b, D, * D, D, D, D,
O AL M % /B/ms | 1000 | 480 480 800 512 512 1024 1024
6.8 A7 8 £ AL I BOAAL iy 5 W W1 42 6.8 T % L BL AR T Bl B, 00 T AT 5 B B A 0k R

] T, =2 s, Bl {6 2% 0] T, =2 ps
%6.8 8 ANBMBBHEHEER

1 2 3 4 5 6 7 8

]
\._

ﬁ =)
B A% i R/ B/ ms 500 240 100 75 50 40 14 10

5

5

(L) QR 7 W 2 om0 B % e KA 20 AR A8 oAbk 2k 4 &

A Il IR 342 4 302000 0 [, ihd LS b 22 2 B AR il R 0 0 R A, I 4 N R R IR B A i 0 3 i
S1E 0

(2) WAL 2 B0 0 BT, HL - I 260 OB ey K/ S 512 B 10 T8 1) fe KO e i &2
L7 W8 5 A B nl g IR S 15 3 4 3 %0 T 17

6.9 BTN 2 HE I N B EE PRI ] Ty Ry 9.8 s A& — AN B BT () T,k
0.2 ps. 7 KFMICHESP B RERE 500 ws K IR AL 163K B 4 3% 30 18 die 22 ] 3 40 22 /0 5 IX R A 3 7

6.10 EIM /O RGAT N7 W B A WA BA £ Bl B A B2 LKA vk £ i
CHM . b Jaiiid A M ’rf—:&m AL B A2 AT FI A2 535 3% 45 8 B AIRHESR %, BT (B2 FIl C 43l
HAES B AN A5 AR B R R N & 6.9 TR,

£6.9 ZAMEMBURLEEE

it i L 3 2 1) 45 B 11 B0 14 i %/ B/ ms
sy g | THENEAL] 64 56 56 20 20 20 10 10
Wi A | pagi A2 56 30 30 30 30 30 30 20
Al Z fam i Bl 512 512 512 256 256
A 2 i E B2 256 256 512 256 512
PR i C 1 024 512 512 512 512

(1) 23t 3V I A (B B2 il C 18 i Kt it 32200 20 KA AN 23 T2 2R A% 316 1R B »
(2) 4 VO RGEMHHE A EAATGE0 172, 00 47417 580 1k 8] 2 K7
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6.11 {R¥EE—-PNIEH RS D

(1) %f vk 32 KB, Cache Ht K/l 128 B,

(2) XF BT 0L Mk AS {E Cache t1, CPU A U [) i 50 op (4 4T A B8040 .

(3) Cache *}1 95% (1) B B 4t HORE I, T 51 IR A

(4) Cache f 115 013, F- 14 60% 1 B Bl 5 ek .

(5) /0 ZLLE P REUS A7t — 172 8119 Cache B,

(6) i ln) s AS iy thfE I 47 Cache B 432 4 i

(7) {E CPU fI 170 zrn]'. BeAT HA Vi[9 Cache 11 14

(8) K 170 i, B 100 J7 A~BBh N AT 18 000 K A it .

(9) ANt A A 40 A4S I R 30 dn S B 4 1 SR Bl 1 e sk, 00 B N 1 30 A R HT T 4 (e
i AF.

(10) Bz iFFEHLF S4B 200 J7 A4S Ji] 0] 4k #E— ot

A HT 170 3 FRERE R S0 41 2 K7
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TERA

—EE R

— A% MM A S R AT

—HELERL

—HEELERNY%

— N B A B AL

H % % 2% (interconnection network ) J& —Ff fy JF G JC 4 ¥ 18— & 19 46 F 45 #4 F1 45 il
J5 Xk B P 5%, Ok 52 BT L AR 40 o 1 2 ) AT L 4 o K T DL Ak
o AT A s A B A o (EA D T B A AT R B Y R ) -
s & (mapping)

HE M2 A SIMD (LA MIMD GHREHLE A 2 — o BliA 4519
Saloxf e 1 G 30 SRR B, 22 AL FRBIL AN 2 3T SR 2R G A RS BOR A X Ak B
22 Ji] sl Ak B2 A G R 2 v A 0 3 R R R P A SRt Ok B . R, B AT
TEHLZ G2 i PERE B b LEAT A7 DR 1R 1 5 0

I M AT 3 KRR HELH JF oo Al oy o & Rl 5% R 2% 12 2 e AE
3X B LKy A% AS A 1]

L D 2% i AT B Y R ) A A B X b HL A AT LA EL I R BOR R
o BB E RS AT N A A G AN AN S, S B 0,1, e N=1 SRR T 3% pR
RS 1 i A i o g S i o I 1 G AR

7.1.1 BERFHPRTRAE
FIAS ik x A (B =01, N=1)  JHERE f(x) Fombad o W f(x) £ H
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HERRB S PIVE TR L S A x % 452 BB i S (x) o x R () AT U B SR s e nT LA
A Ros .

L3 PRSI 1P 5% A i B R i 0 4H =2 ) X Y B K R e HES G R
JIT LA H % pRBCAT B B A 5 oA B0 ( permutation ) sl HE S pR K.

A AT SR A 7 9 4 R T N 45 10 3, 9T, P 3 4 1R R R s L I % T S
M. B 7.1 s e A RN H T8,

0 o _0 0 oo o0 0 0
1 e (1) I o> o1 ! 1
o —o o < O
2 2 2 >§\/\* 2 2 2

O _D0 o < e
3 3")<"~G 3 3 o - \\O 3 3 3
4 ;)>\/D 4 4 o B P 4 4 4
5 ~o 5 5 oo 05 5 5
6;>x<i6 6 "6 6 6
7 7 7 o~ ~No 7 7 7

(a) Cube( %3¢ 1 bR ¥ (b) Cube, 3¢ #6 ¥R %X (c) Cube, 52 R ER L
B 7.1 N=8 (17 Jy P58 8 ok 4K

A1) H 3 PR S(x) AT LR R R s 2, B (xp 2, 2y 2 ) S ERR
SCxg) =2, f(x,) =2, fx,)=2,
J R R A K
B n=log, N, W AT LA n A —HE Sk s NV AN S A i AU H) 35 9 — 2F 1 ik, 7%
BRECER RN f(x, %, 5 x,%) o

7.1.2 IMERNEEERY

A2 JLA R B AR B GE pR B AL .

1. BEEERY
6 25 o 50T S B B - [ A i A g 2 T R B
I(x % _,%,%,)=%,_,% ,"% %,
2. THMEH
A R VROIT S92 DI L I% . U sk A A R A AL EL SRR A S S A i 2 )
., HRIKAN

E(%, 1%,y %0y %%y %, %) SX, 1K, 27 %, X% 2%, %
AR KRB E B TS T R L EM M S B F R EEMSE., B A n=
log, N R HEREL. N R S5

M N=8 W, n=3, a] £ B H L I L% R R
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Cube, ( ,%,%,) =%,%,%,
Cube, (x,x,x,) =x, x,x,
Cube,(x,x,%,) =x,%,x,
HAS R i 7.1 Fros &5 anisl 7. 2 Firs .
3. MAKEER i

H49/57 PR B 6 B shuffle ) 55 5 A5 43 BB L A2 10 7 o —!
e T UG — 2 He 25 00 14 57 18 v 5 o 1 i 7 3R %8 XU 10 = |
S 3 L O R TR V2 ) L LR OE R |
" ERHN 7000 /_,/Jom'
O(X, %, "%, X)) =X, ,%, 37" X X%, ,1‘00 o]

B A ) e g S R AR — 0, L 7 R
T T R LD Y Bl 7.2 SrJi iR 4
PIo) vk i e B0 (EL ) RO IR DR R B (B ) &
T ASEH FERBCR A s) b 0] L LS kAT oRBONEE E MR 1
I3 s A T A s ) 0 o G S A B SR kA
LRI B8 R RV I O o e e TR
AP € PR FE AT SUSTEE 2 Lo SNEILT FE I IS 2
PP A S ) R T 5 R OIS k LR ER A B — 16
P15 0 R B 55 kA R B0

(k) X ' _ Il
A€ M SPLLLE NS I SINRLCE 7 9 L SUPRLLY S S P JMIPRLLY 2%

B S8 A A i ) — 2 4 R R & kLR A2 RS — A
AR, A AFE AT
o (X)=0,,(X)=a(X)
U"“(X)=a(,,(X)=X
A FALE— MR B f(o) , MEPRAFTE g(x) (77
S(x)xg(x)=1(x)
DR g () S fCx) B pR B, iE M f ' (x) B ' (2) = g (%) 6
WA ST VR MR S TR R BB IC T o7 B TS B eR RO
o (X, X, X X ) = XX, X,
B i A i 49— ) G O P A RS 1L
M N=8 It A
o (%,%,%)) = x,%,%,
T 2y (%% % ) =20, %%,

0"2)(x2xlx(,)= X, %, %,
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&
F
S

-1
o (x,%,%)) = %X, X,

HERERE A SE 7.3 .

0 0 o ——0 0 Og0———0 0 0 0
1 1 o~ /_/ol lo————0 1 1 1
2 2o 2 2o o2 2 2
3 30——o0 3 3o ) 3 3 3
4 4 54 4%4 4 o 4
5 50\<5 5 5 5 4]
6 6 o— o 6 6o——— 0 6 6 6
7 00— 7 7 o o 7 7 o———0 7 7 7

(a) F5ITE I B R (b) F-BEM B B0, (©) BHMER"  (d) DI R
5 7.3  N=8 [ 5] vk gt ek 4K

M 7.3 T DLt 300 4 50 8 RIS 20 U R ) 3 2 P o AR o
P15 P R R 3 K 5] R R A R oA T L OE SRR, FTE TR S 0T X Z R &
B AT AL Omega P48 FldE Omega (9 45
4. B EH
0 50 3% e R (butterfly ) 5 U0
Blx, %, X, X)) =X0X, ," "4, X, _,
RV i A i P 0 ) e 100 B o A S AR EL AR, A BT O 0 R G 1
W SR 5 B A>T R BUE
B (X%, %, (X, 5= % X ) S X, X XXy K X
P-4 A i K18 2 T 2 (OIS K 2 v 1) e g 0 49 R IR LA
LS D R O
ﬂw (E AT A MU SVE SR T 79 EE MIE MU SIRE ME MIRRL JF
IR TN S i E R OF =l AR AN SRR SR ARS8 v VAL 8
AR, H AT
B (X)=B,,(X)=B(X)
B (X)=B,,(X)=X
M N=8 I, 47
Bx,x,x,) = x,%,x,
Bio (x,x,%,) = x,%,x,
B (x,x,x,) = x,x,%,
P74 25H 7 V=8 MR CpR B 2 M BE . 5 B 5RVE SR B, U 98 X od %
ANRE S BT S 02 () £ I 3%, (FL e s ke 15 50 48k 78 46 1) 25 S 4L A T £ O 4 1
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000 | — (] 0Oo———0 0
1 o A | 1 C\>(/ 0 1 1 o——0 1
202 52 2 o— ~0 2 2 2
A 3 o—0 3 3 3
3 Ny X/( 3 o— L
407N o 4 4 o— 5 4 4 4
So > 5S 5 o 55 5 5
o N _—
6 o o 6 6o o 6 60— 6
70— 0 7 70 o 7 7o0—m—0 17
(2) )
(a)=p (1) By=pe) ©p =p

P 7.4 N=8 (it X el BOR A R E

5. REIF&EY
SAV Y R B 5E LN
p %, %, 5 %% ) = XX
B A i 1) B’J%U?’A’f?ﬁﬁ@ﬂﬁ_ﬂé.f ﬁ@JTﬁFﬁ TR U TR
SAVE T R BRI ES b A R RO
Pty Bosi " B (B " XY B )T X g *T L I% S s Ky
B A A i £ 1 0 G (O AIE k A b 5 A7 7 O HR 5k
SCAV Y R B 55 A ek RO
p[k)('tnlen—l“-xn—hixn—l\xn»l.-l'”xlx()):xu»kxn—lnl'”ananAlxn~k-l“.xlxﬂ
HIE TSR DA i vk T RS 0TS R VAS R < S VATDR Y/ 5 21N E: Uy o
AR, AT
p"(X)=p.,(X)=p(X)
P (X)=poy(X)=X
4 N=8 W A7
p(x,%,%,) = X%, %,
P (2,0,x,) = x,xx,
P (x,x,%,) = x,2,%,
O R WA 7.4 TR .
6. BEEH

P M0 o B0 A5 i A i R RO L B (RS V) 5 3 B A . G R BGh

a(x)=(x+xk)mod N O0<xsN-1,0<k<N-1
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P 7.5 (3 A Y ark FR A8 o TE R RTIT k AL S K e, v -k ROR

E MR A cl s 5 ol R B VA o TR
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0 0 o 0
1 1 1

2 2 2

3 3 3

4 4 4

5 5 5

6 6 6

7 7 7
(a) ZEFE PSR RIBk =2 (b) fiFE B E R B k=2

I8 7.5 N=8 i) 5% & ek B

AL B PN AT R R
7. PM2I iR
PMZI@ﬁq&'ﬁ"]P*UM/}S'J?TEZT‘)‘JU(PIUS)*HW(MMUS) 20 R 2, AL R L
FR A o 217 pRE . X — Rl R IR 0 B K ek B, (E L E R E b (BN 7. 6) B R
25 i A Siig # T — € AL E (B N) J5 3% B 5t . LR BCH
PM2, (x)= (x+2')mod N
PM2 (x)=(x-2')mod N
Hdr ,0sxsN-1,0<i<n-1,n=log, N,N K H %, DR, PM2I H & MWK IA 2n 4
% PR
M N=8 B, AR 6 4 PM21 pR%L .
PM2,,: (01234567)
PM2 ,: (76 543210)
PM2, . (0246 )(1357)
PM2 . (6 420)(7531)
PM2 .. (0 4)(1 5)(26)(37)
PM2 ,: (4 0)(5 1)(62)(7 3)
P 7.6 w7 3 A ek B R

00— PO 0 i 0 0 0
1 o~ Dad 1 o £ 1 1 A1
2 C\b/;\o 2 2 KQ?AD ) ) "
3 o/ T°3 3 o~ 3 3
4 c\'T:\f' 4 4 o / ~o 4 4 4
5 / ~o 5 5 LN ~o 5 5 5
6 :b¢ 6 6 i 6 6
79 T 7 7 7 7
(a) PM2,, (b) PM2,, (c) PM2,,

K 7.6 N=8 ) PM2I pR %L
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PM21 bR 5500 K s B0 40 70 45 9 245 11 ikt
M5B Tliac IV 2R A PM2,, T PM2,, #3 B H B 3% 2%, 56 3 4% Ab 3 8 0 2 ()
M B R A4 B E 7.7 s,

& 7.7 RSBk Bk R Wiac IV FE 40 ML B 2% R %%

7.1 BA 16 ANALBEER, S 0,1, 15, 1 — =16 ) 1. % M 4 1.
Mo RE PR O 38 I % M A A, A PR E’J'ff/\lﬁ 1 0% M 2%
PR L i g 1905 EL i ) 295 S B L R B0 )

(D Cube,

2 PM2

@ PM2_,

@ o

® o(o)
BF 43 B 26 5 5 13 5 A P A T i HE AL B AR S o

&

@ 1 Cube,(x,x,%,%,) = x;%,%,x,, 73 Cube,(1101)= 0101, BI4&L P 3§ 13 34 52 5| &b 34
s,

2> Cube,(x,%,x,%,)= 1101 ,45 x,2,2,x2,=0101 , i S5 AL FHES 13 AHEM R 28 5.
FrLALL P ES 13 5 AbBRER 5 XL n) B % .

@ i1 PM2 , =j+2 mod 16,15 PM2 ,(13)=13+2"mod 16 =5, Bl &b B 28 13 3% 43 3| &b
A S,

A PM2 ,(j)=/+2"mod 16 =13 {5 j=5 K SGAbFE 2% 13 HIEMRALFRES 5. ik
LAY 13 S5 AbPREE 5 A n) B %

@ 1 PM2_,(j)=/j-2"mod 16,73 PM2_ (13)= 13-2°=12, B[ 4b B 3¢ 13 3% 2 3| 4k 5
i 12,
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A PM2_(j)=j-2"mod 16 =13 18 j=14, 4 54b 72§ 13 A& A BI R 14, BT LU
Ab PR 13 3 EALFERS 12, WAL BL 3% 14 35 FAbPEEE 13,

@ Hi o (x,0,x,0)) = %, %, %,%, , 1% o (1101) = 1011, BI AL P 2% 13 % 45 B4 PR 2% 11,
% o (xyx,x,x0) = 1101, 1% x,x0,x,x, = 1110, e 5 40 PR 3S 13 HHE ) 2 AL B AS 14, T L) b
PRES 13 3% FALPEES 11, ML FEAS 14 1 FALPLE 13,

® H o (o (x32,2,%,) ) = x,%,0:%, 3 o (o (1101) )= 0111, B 4b P 2§ 13 34 45 5] 4b 7
w7,

A o (o (xx,x,x,) )= 1101, 3 v 0, 6,2, =0111 i 54T A% 13 AHE L8 7.
Fir AAL PR 8% 13 S AR SR 7 X m) Ho i

7.2 BEMBNESHSH SRS

7.2.1

7.2.2

EEMBNEHSH

3% P 2% 30 S A 1) 10 B 0] i A PR T S DR R . R A 2R
HELLTE 6 4~

® 2% ML (network size) N: 4§ 3% I 2% v 47 05 00 30 B % % R 45 I fik % 4%
PR A (0 K I 4 R A, O 3o A T IR 485 (1) 1 2 i ) R R A O 2 R4

@ Y7 AJE (node degree ) d: 415 T i ¥ 4% vp 47 BT 3 4 10 100 8 G B0) L 0045 A%
(in degree) Fl BE (out degree) . #E AT 55 (0 B0 A BE , YT A5 ok A o oy o g

@) 1 AU B X T R 2% AT B AN AT, B R AR N — A Ak F)
AN R ST I A 0 B M

@ M4 F 4% (network Diameter) D §§f H. 3% W 4% o AT 35 B AN 15 A 22 8] B0 35 18 B K
{FLo PIZE AT S 19 sl Z A% 26 5 B i i BB AR & K PG B AR, AR, K
2K EARN R AT R /)

& A OIE b A N A R R I 4% B BT SO ) (N/2) B B FE 4 R
VI b W U0 00 3 800 S/ IMELFR Sy 12 W 45 () 25 43 %6 1 ( bisection width) , il b %, ifij
RGP TERE R B=bxaw Jorhw Kyl 8 T (ORI o XS EE R 7 %
e K

© XPFRYE : 0 R AT 2505 80K A, I 2 %) 5 b 4 1 A T 1), DU) R 2% 0 4% g % o 1Y)
4 (symmetric network ) . R FR L5 LB AR S R L EL A S .

EEMKRMEREIEIR

I AE (latency) A 96 ( bandwidth) 5 FIL A P8 114 9026 BB 0 9 A 36 566
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) A I 4E A MR T 5 8] H 0 A % — 2% TR o 1 B ), & e LR 45
IR

o BRPEITEY AR TR SR A Y R T U T R B T A R T I )

o i AE < 3 g G A T R T AR A I R] 3 K E = 3 R B/ 3 T

© kIR AE . TE A D B AR b I IR 2R 9 B R BRI G A IR ] Y

o SEAVINAE . A2 AN R TR I A 0 2 A 2 e 2 S A A T I A R IR I s L Ok
o ol fiff TR A FH op 28 B 1% IR () 598 2 5 4 if &E

BRF A 3 S O 1 g i 1 A B R AR N A T B S S R
(1) 30 38 7 8 DR 0SB INE RE 5L G BR A LYY A RO E b T A N RE AR E T, MR
PR I0 465 1) 1 IR A

(2) [ 4% I 40E - 5 300 3T A A0 By 2 i TN E (4 R B ek Tl D R AR D T L S R
A7 R 00 O % A bR 2 G G A0 Y R S e I W R AT AT K

@) Sy 1147 58 = A T HL % 2% e (AT A I 1R R, G S 11 7 9 A S O B ) oy
P2 it 11 4% 326 3] HE At sy 1A e RA5 B

FE R 0 245 T i 10l 0 i 1007 ¥ JC O I 298 1 i 10 4l B 5 4% S 114 i 10 27 9
FRTD I =1 CE R 10 268 110 S 1145 5 D S22 i I A7 S 1135 5 18 e 7ML

@ A T8 (aggregate bandwidth) o 45 [ 45 =15 2 51 55— =47 450, 8407 B ] Py
RSB AL 26 ) i KAS L it Bl HPS g — FpoXf BRI 2%, 4% AR NV 1 B & 512, 55 11
HF 95 S 40 MB/s, [ IE HPS (1) 5 4E 47 95 Sk (40 MB/sx512)/2=10.24 GB/s,

(B) %4347 96 (bisection bandwidth) » 5 %570 58 B X W 19 V) F 1 b, e i 4 ol ok o
{7 SF [ T R A2 126 1) e KA B FROR % I 2% (1) %6 434 5

7.3 BSOEMS

B P25 W 0T LA R RO S . S % M 2% (statie interconnection network ) FlZ)
A HE W 2% (dynamic interconnection network ) i A&% H 3% R 4% S 48 45 1 8 2Z (0] A [
Mm%, HAR IS T P AN RE S 1 26 T 8l A F 3 DX 495 W) 4 1l 38 48 0T DG R e L ]
/SR B 5 ol A S PN G aB U 2 TN (L L O

A EL 3 O 2% L B0 A 1 R e A T s kT e A E R B R L . £k
P 2 25 K s — HE IR i S L R 4 HEIAT IR IR VR IE RHE AR TE & 4R AT T
JRSE s SHELL LA BT RS L R I LR S L A L N R R M 4
() RASE | B A0 1 A B

1. %% 7% (linear array)

RAPEFE ) — R —HEM 2% Horp NV AN A V-1 SR BERGE B — AT, W 7.8 (a)
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i o oY i BE d =2, 0 1 RiIE d=1, EAE D=N-1,%0%K b=1. Ltk
Y1) Jo& d fA7 i F NS R SO R S B AR . (HX Rl S5 R AN X B i HL XY NV BRI,
FLAR L AR K AR RO . Y VBV a0 V=2 503, SRR PRI SR A S 2R B I .
N HEBCR N A BRI XM TR T .

8§ 9 10 11

15 14 13 12
—O0—0—0 “

9 J

(a) 2t p4531

(d) JEAAR A Z IR (5 liac i # [a]) (e) WA FE B ML
7.8 LAl A& 1 3% W 2%

LRAE I 91 S DX AR K, 2R I 3 o D10 46 o by H T 32 432 A4 Y s 4 i A o
(P B AT — X3 a5 nT DA R i R R B 0 A A R - A
X IFA T WA T A (] 19 3 3 (GaLE ) .

2. IAF7 5% 3R ( chordal ring)

JH - 26 i B K £ P I 90 110 O A i 3 0 B 2 R B W] 75 B3 (1 7.8 (b)) o BT LU
B AR o al RIS TAE . B AR W A d=2, WA Mm% E4%2 D=N/2,
IR B AR D=N-1, HIE4 560 b=2,

FEIRI FEA b, 20 B A0 AN — 2% sl 2 i S8, BV T 45 B G &1 7.8 () i1 7. 8(d)
PR 9 B RR AT SX 58 LV SR BE d AR GiE 3 4. BEIN I BERE @ X, W R @, W 4
FAS /. S5 7.8(b) ML, 7.8(c) f7.8(d) ML ELAR43 5 th 8 L% 5 Ml 3,
W mTER T, E 7.8 (f) B 7= ) 4 3% 2 W 4% ( completely connected network ) [1) 15 15 A
15, 121,

3. IEABEMLE ( barrel shifter)

Bl 7.8Ce) Jit 19 s BOH 16 (TR R RS BRI 2% . 9 AR 300 46 20l L 16 38 3 m A F
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T R I - B T A RN I AT 5 L O 2 A RO 1 Y a2 ) R — AR
WL BE, W =il =27 ,r=0,1,2 - n=1(n=log, N) , W5 i ¢ 57 . XM
ABEBING IV SN d=2n-1, 11 D=n/2, ML N=2",

AR YT A AV I AT ] 7 5% PR A B 9 P RS B £ A H AT T A Y I R R L A
N=16 FH B, IE A B T SR 7, HAE N 2. B E Ze M I 2 0% B M 4%
(FE7.8(H) K=,

4. RIFLFNE R (tree and star)

BL7.9Ca) @& —BRS 231 Dy Xk, — Mok, —8R k282 P — X
B N=2" -1 s, HREKRMY A d=3, 4 D=2(k-1) ,%0%E b=1, BT
T E SRR R T R Rl PR 25K B R ER K. EEER
WK 2 F 1987 AEAEE 14 DADO £ 4b BEHL R FH Y B34 & 10 )2 — XRIE, A 1 023 4
AL

BRI ERE—F M2 (B 7.9(b)), TR ER &, Nd=N-1, HEE /N, H
D=2, %558 b= N/2 |, (HEIEM Al SEPE e s, REPO T sl iR, B> R gl
e, RIEEH T AED B YA RgE T,

O
- ™~

<R
(/< /\ /\ d/,‘p\_\h E'
AALRAAAL AARR RARR

(a) XUkt (b) I (c) R Jkst
7.9 RIEEIE ERIE R 2

|
|

5. BRI (fat tree)

1985 4 Leiserson £ 14 1H 8 ALRE 7 vh Jr I 09— SO S5 M98 S50k FERSTE . BETE I
2500 — A B SR SR DL RGE BIARARA BER B R LA A T RE S
AN FRGEMIRBT, B I8 B A 3 T . U ES A ANE 7.9 (e) TR,
JHEARY P S 9 B AT Y A AR TS S 1) 0 T G O, B R LS R, R AR, BT
AL, XA ELE CM=-5 3580 SR TR .

6. PO F% 2 F0 IR X A2

PIASE S — Rl LB IRAT I 256 , & O 28 DL A AR R JE X 7E Tlliac IV, CM =2 Fi1 Intel
Paragon S HLgs th 15 3] 798, ME 6T B 7. 10 (a) i T —4> 3x3 1 4 W AK JE
RIZE . R DR R N =nxn () 48 MK B 28 ok UL, HON TR S d =4, 1
HIBE d=3, M1 M d=2, MR A D=2(n-1) , 50 FE b=n, XML EA X}



256

7R I

—Q

555 [SD —RTOD
Sob | SOIESE
T T 7 . U U 'JJ O g U
(a) MH%IE | (b) Iliac i (c) M IE

B 710 4k RS FIERIE M

— B ASE, —ANH N = A A R k2 RS T R 45 (RELE n AT ) B R T
S d=2k MK EHIE D=k(n-1) .

Bl 7.10(h) j& A~ Nliac (%%, 4 FORE T R M 17X F % 1 Dliac V5L,
B AT S 1) — RS TE L A A T £ 1 R — 5 Y B A e T A O R
K, PHERE— AT R AT A S N AT Sk AE R JHERE TR RS 1T
1 3 1 A K B I 1 Thiae 4% XF T — D RUBI R nxn (1 Mliac (25 5, H
AT WS d =4 4% F A% D=n—1 %553 58N 2n, Tlliac 4% (14 BLAR AT 4l 9 4% 2
28 AR I )

7. 10 Ce) Jir 7s (1 2R R JE 0 28 A0 — 2k AR TE I 28 1 — AR JE o 8 4 1) A% T 1
25 0100 B — A7 1R WA 1 A R R R S R T e 3 ROk AR T IR T
K2 L TS BUBEN nxn B R R0 JE 28R U8, LT A T I d =4 K AR D =
20n/2 ] EPBEIE b=2n BRI RO BRI FD S BT A BRI A 1] 28 2 2 4 1 J5UR
PR 45 K4 1 FLAR I 1o IR S A K BR R RO A% TE 21 5 AE — &, B ) o 4
.

7. #B3L J5{ ( supercube)

T TS — Bl 00 n=37 T K588 B © AE iPSC .nCUBE Ml CM=-2 %51 B LR 4
AR TS, RO UL, AN Tt a7 IR H N=2" AN AL, BT AE n Y

LR L 8 A 3L AR 7. 11 (a) FfR .
O———0O
i yai
CG—-CC |
O 1R
o—0C
(a) 3457 itk (b) B2/ 34k ST J R4 ) 44E 37 J5 1k

701 S ik
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6 WA 3= 57 Iy Ve RIS (0 1 5 D B R A TSR 4 7 f L T 7. 1
(b) FF . LA 0 T T B 2 4 1 57 07 1K . — e, T S B IR — 1 LR g N =
2719 =7 7 FUBERBE A (1) sy 7 VAR RE IV 5Dl B i o D T Sl
B e 27 AR Lt T AT T nm VA i 0 — N SOR U 7 — R0 ) 1
5 ELLAT A 15 255 BRI LA S JE d=ne n 265 7 PRI ELAR D=n, S50 9605 N
b= N2 T 5 A S P LR T P R B R L
J5 VA1 150248 245 Mg S X I

120 112 80 4 A2 AT % w1 . — 6 8 57 o VA 160 46 S — R AR 3 A7 045 48
Intel f§§ iPSC/1 iPSC/2 il nCUBE HLAS I T R 4. 0 4 1 1% 12 1o 403 91, O
i 01— SO 0 8 2 54 A T AR S s T

L TR 2 i L5 A 7y A LT a0 M 8 7y A4 L 7
{2 M BTG . 01, CM =5 BLEE SR T CM =2 R FILAE 37 7 44 M, o 1T 7 1 AT
LK s Tntel (19 Paragon HLUL 2 552 75 LA i % 11T 69 48 7. 7 VA48 4 107 P S8 67 1) — 45 1 o O
45 g

8. WIRI

B 7. 12 (a) S AMHEER 3 =7 Jr {K (B 3-CCC) W% , 8 21 37 Jy VA iy 4 1
SR A 3 A b R R 1 S R )

KB A ER k5 R CRTFR k—COC) J kTSI 8 S 3 T A 1 2
P FRICRR, 7 VA o A 15 08 R . T2 LB N = kx2* K0 4% 1078
D=2k—1+0 k/2 |, b k=7 5 RI0 A K — 155 JE 5 AR FEIE 9 b= N/ (2K) .

I e S0 57 07 Ao A A 0 SRR A kL VAT b AR S M YTk
A LA SRECPR A 1 2 (3  a) B SRR P A 4 1 4 a BB kAl
VEdE, M 7. 120b) BT . Rk, R TEREER k- 7RI kAT 2K, AT A I
B3 5 AT A R X DR 1 A R P R

‘ » 1
e (O |
T’T ~T | 2 k
PN YT A’ 2k \Q/
Q"0 O N \
T AL )T 3— —k1 3 O—k-1
| X~ L0 ST 7 \< 7
. 7 () yal 4 L -7 \)\ / £
LY 5 27 O 7
5K s -
(a) W H3-—L Hi K (b) Fk—3L 7 PRI REAS T3 85 0 EAAN YT S5 930

HAKE . DR H AL 5 1A
0712 4B ik
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9. kT n-3L &M%

HIE (WA R L 0 -7 5 (R G 5 4K ) il Omega 45 RS2 k JC n— 3277 (K
W 2% Z B AR A A . P 7. 13 A 4 UG 3L IR R R R BB
JHE P2 (1 Y R 3 R A

(—/55/7 pS S
& éLﬁ
7

VI

)

N\ ~
NYY

X

(E&
—O—FO—N
PN
A S

A TSN

=

[ 7.13 4 50 3-37 i IRR 4%

i’

15—

d
i

fE k IC n=37 J KRR h B8 n & 7 T IR 4R B R SRR BV — 4 B T i

B XMHEMLRE
N=k"(k=+/N ,n=log,N)

k 5C n=S7 Jy R s T DL EEOCN & 9 n il A=a,a,a KR, Hh o, £R
N RTESS dE LOOOLE L DR TR R UL B B A B AR R XL i . B I B A
HAREKPA G EIE , BT B 7. 13 80T s ] 1 3% 2R R & 1] 1 .

Fig B8], 36 B FELAIRAE & T n— 37 7 KRR BRI, T4 85 4 & T n— 7 7 RRR O N7
Tk

R TV T S B WA AR . KRB0 1 S A R 4, X2
PR FRAELY o 4 3 T 4% AL T DO 245 ) 0 0B R e o ST IR YT A BE B log, NV (B
AT R K, NV AR R Y SRE oK

£7.1 BEEEMNERKME—RE

PRI | B d | M AR D | BERRECL | T B | MFRE o £6% KL A 152 1]
ey |2 N-1 N-1 I I N A8
HIE 2 [N/2] N 2 & N A8
A3 3 N-1 1 N(N=1)/2 | (N/2)? & N AT
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sk
AR | T d | S AR D Bl I8 L Ay TENE Xf B o4 245 JIL A 130 1]
R 3 2(h=1) N—1 1 1k B h=[log,N]
i N—-1 2 N-1 [N/2] Iz N A9 8L
2D [ % 4 2(r-1) 2N-2r r IE rxr [ r=/N
Iliac [ 4 r—1 2N 2r |5 r= N % 555
2D 4 2[r/2] 2N 2r i rxr S5 r=/N
N A
2 A N/2 N/ AL
@ik | " n 2 B log, V] (430
214+ k/ N=kx2" 15 i
cee 3 ) 3IN/2 N/(2k) y
2 B k=3
k JG n -\ iy : -
2n nl k/2 | nN 2% i N=k" 417 8
Ji ik

RO 45 FLAR AR AR K BROR B /D SR — Rl O L (L B A s 1 A2 B R A
W AT, ELAR AL — A I ), DR Ay 7 SR T i B A K PR S, AT 85 4 A5 1] 3
{6 HE 3R LT~ J2 [0 50 AN AR 0 5 SR R 2 5 o DO 208 A, 55 43 9 186 45 5 W) I 4% 11445 9, ] L)
SHEU R E S LU B B ST AN

X B

/N Y
o3 2

Wi ] 7 ORI OR o I A% 1 S A Y % A R T 8K

ETbe EARNSIR AL — AR ALY 522 (0] 1 149 B A B A — ol B e 1 38 ot 45 e
B17.2 G4 16 DALREE AT Wiac 4% H.3% 5 H Nliac 4% 19 1% oR &, 45 1
TR — A b B PU(0<i<15) 45 HAth b P08 B2 B3 19 — MRk (.

i

Hliac 45 3 1 15 (i B N=16 4150 4x4 (5, 511 4 A L0085 1%

A= AR ER S5 1 51 ~ 55 4§ 14 001 BR ] 23 ) G 2R 5L 3% eR 8RR A

(0 4 8
(r s 9

(2 6 10
(3 7 11

12)
13)
14)
15)

(12 8
(13 9
(14
(15

4
5

10 6

7

0)
1)
2)
3)

b 436 J7 o] g WGCRE £ 18 4 A~ B 1] 2 (99 05 B4 1 3% pR BT KR A
PM2,,(X)= (X+2")mod N=(X+4)mod 16
A4 16 5[] Shy 30 15F 1 1) 4 A B[] A P9 0 A L 3 bR 0T R N

PM2 ,(X)=(X-2")mod N=(X-4)mod 16
16 A4k B85 h Dliac [0 45 () KT 8RR 34 ok — A4S WU BR G 3 1% o B8 s ol
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(001 2 3 4 5 6 7 8 9 10 11 12 13 14 15)
(15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0)
FCv A4 2% Jy rin A NG HSE A1 1 B4 1] B 0 40 B L34 oK BT R h
PM2_,(X)= (X+20)mod N=(X+1)mod 16
{30 Jy 1) hy 39606 B 17 P 1) B0 1) 906 B L 3 eR BT RO Ol
PM2 (X)=(X-20)mod N=(X-1)mod 16
BFIL LN = 16 f Tliac [645 0 1716 6O8CR 4 45 PM2,,(X) B PM2,,(X)
P T3 pRVBC T A AT A AN AR PR ¢ AR S Rk 4 AR FRER O] HLE
i+l mod 16
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JCFS SN T — A%, H— B i R R T

itk 3 H S HE T R 25 48 0 52 e AN b (B R T RS R A S I P R s i G ik
PR, B H SR IEE A RS log, N IE F L 1H B A4S BOHE He it B b v s £ B0
540 PEHLIG AN BOC G L A8 H T T s ) i, X H SRS A BR AR H S0, th )
5 Nxlog, N BIE HE

8.4 [@#

8.4.1

[ei) 26 HL ) A 22 A0 AL ZR e b i) A o S AL R 4y, S S B 5 TR BR X R B R G M IE
HPEZAb ik R RGERRCE . AL KRBT SEPL R 58 A i S A B0 L W] 25l fig 23
BA PR BE LT, S SROR R IR T8 o 1] 2 BIL ) a0 A A B AR ) [ 20 4 4 1 ik
fith b, 3 3 T SR REOR A

EXEHIRIE

fE 40 BEAL A 92 BRI A5, i o 1) 32 8 ) RE i — AL R LA JSL 7 88 i Jr X2t O 18 i
A0 S0 BE PR IET0E . A R B A X AN RE , dt v A A A [ A5 5 GaE R AR A R 22 1k K O
FLI R A A i Ak B85 A~ K00 8 it S R AR 5 A L ROE X AT I £6 ] 4B
ﬁEu S AR A 1 75 5B/ ME A7 A SR, O 45 M T MR AT 1 A I 5 DU 1 0 Ltk A7

XS G A O SEA K ﬂifﬂ**ﬁk%ﬂ"ﬁ"r#ﬂ")ﬁ“lé&l—liﬁ{’ﬁ WHENR T RGE
P BT AN Ay ST P L G R BB Ui | ik S 5030 it R e R B4 JH Ok i 1l [) 4
1% PR

JHT T 3 1] 21 45 A 01— A i R 48 4 ik 51 52 48kt (atomic exchange) |, & /) 1) ﬁﬁ}al
—ANERE AT E A D AR ML T A . R DR A — T Jel e R A
A W] A o BTG B R ik R — S TR . L fﬁiy 0 KR BUEIFI (Rl ) , %7 1
FR O EBICARTHD) o b PRAS S 45 0BT B, S 6 B T B A7 i S oc o i S
AFHCAEREA A7 AR P 1 DEA T A4 . G L0 (1 A B8R L 1, ) AR e A R [l 1Y)
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58 G ZALFL

fEHR 1, /WH0, fE)G ﬁ“lﬁ{ﬁu? A2 0 AR B 1, BP 1 7l X Al s A
1) 5 4 4 4> 1 3R [l (R AN 23 0k
17 WJ’I\KQ‘IE%IHJML,HXW&%J'T oI L HA — A R 2 e A T
350 3R [ O, i 55 A~ Ab B A5G 2R 0 1. SR e A 4 St o 52 B 1) A i) K
m‘M’Eﬁ’JlH%VE A S AN AT BEAH 43 (1), A [a) B AT %) A e B A ol T 1L
il 860 5 e IS Y o X AR UE TR A A B2 A 0T R[] I AR A5 (W) 25 A R
AT S 1Y gt i g Rk S B IE] A T A X R A G BE JR . B4 .u:.,u
S 10 S OF SR A oc (i, DT € (test_and _set) 2 Hp 22 — fE1F %2
TR Z A PEBL P AR AT IXFE — D4 . LI RE & S ik — S A7 SR o M, R 7 15 2%
(DU o AR 90 G ] A SC— AN R G I A A7 SR T (B R A O, ) 1. 3L
{41 Jr 2 BRI 1 A 20 0 D AS 4 L. B AN T D R 2 O N 1 (feteh_and _incre-
ment) , B3R [0 A7 fiff B G I AEL T 1 8h B8z (i .
SRNT AL — 2545 2 D o B R A2 T B 2o AT — SE TR, R B A — 2 AN il o
PR A 2 TP 98 B U A i e 158 R — Ui e 5 L i ELAE X — b B o AS e 1R i 47 3L Al 1 £
PR LA 2 5k G0 5L
BAE S PR BN I s e/ 08 B i AT ST TR - X4 A i
AN AR ORI BL AR AP IS . X Rl O R AE S R AR A AR Il — AN, (A
AT DL BT 324 2 X0 I SR 745 L A Y AR R . BT A Y T T B A 4
A7 HoAth Kb 2 8% 0 AT 0 45 0 B0 S AR R A X 2T s R A IR AR Z G T AN A AE
TEIX Y 2548 4 Z L HEA T B o BT LA AE K — X 4 4 22 ] AT o] JFE Al 174 Ah 40 288 60 AS 2 i
ARV AE it BT 1 (L
IZ AR 2 A P 2R A I A A B, - AR R FFAR Y load 484, R W LL( Load Linked
Y Load Locked) , % — 2 I 459K (1) store 15 %, ik A SC ( Store Conditional) . 45 4> JIii I+ £},
o AR H LL 8 W AE 66 e i N A AE SC R LHEF TS 2Z A C ®l At 48 A ol s of, )
ﬂ“ﬂa\fﬁ/\bt AT R i S AE P SR 4 A ) AT D) et 2 5 30 SC BAT R . SC iR
[l AN E A F LA A A B I A ), A R T R [ 1, 5 BUGR [ 0, LL R [] 2%
FEffE AT R BG M . B fiax — BRI P 9B h R #“tﬁfuﬁﬁ%ﬁ" TCHEAT I 2 e 4 A
try: OR R3, R4, RO /7 R4 Ol RSl . %A% A R3
LL R2, O(R1)  // %0 OCR1) YT 5] R2
SC R3,0(R1) /7 45 OCRU) P {15 R3 (i fEL A0 ) W00 R3 (94
/7R W 0
BEQZ R3, try /7 AR ORI (A R 0) W) 5678
MOV R4, R2 /7 B (R FE R4
Be 2 R4 Rl R15 ] i SROC LR 7507~ 383 , 72 LL RN SC 22 Ja] 1 45 5 (1 4b B 25 4
ATFHE S T AERE A ICIA R, SC R IR M1 0 Jf A7 A R3 ofn | WA 3% BEAR ¥ PRV S0A 7
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LL/SC AL — A~ D0 a5 w1 ok by it S0 i 1] A0 JREa o 8 4, 4 i Dt 1 8 4 fetch_

and_increment ;

try: LL R2, O(RI) /7 40C 0CRD) it ik A R2

DADDIUR2, R2, #1 /7

SCG R2, O(RI1) /7 A7 OCRD) A Y5 R2 A (e A W], 00 ¥ R2 19471
/7R L WK O

BEQZ R2, try /7 AR CR2 (4 A 0) W54 5%

IR A (1S B A SRR M o Rt LL R A 4R — A A AE & KA A AR AT
A AEAE S P OTHY L HE X A A7 3 5 PR N IE 4 A5 A7 8% (link register) |, W13 7 I
D)4t g 34 4 A7 A7 b i M ik PEC Y Cache BRI BE CEE I g5l (19 SC 35 2 151l , W)
JEIE LA A7 45 0, SC 45 2 KA & 10 7 M hik 5 34 4% A7 A7 #x N A R A DL, Jnpe e ) SC
AR PRAT L A PR TG I 0 R Dl £ &b B8 X 3 3 A I 48 SO0 19 5 sl AT o] 5 4
AR 2 B SC R, REZRE I TE AR P ARG A A LAl R S kR, BB,
WA A7 = A7 e 5 2 AR 2 42 b add i, 5 B AT o] B8 )™ A2 SER Ak B % 7 d A
AESE I SCo BEAh , LL A1 SC 22 [] 9 17 42 KON S 4k DT ok 20 phy O 5C 8 8 o v 14 Ak
BT 850SC AT R K

M —E L P8t

AT T BT AT AR 22 A0 BRAIL 1 — SOPE AL K 92 BUREF% 81 (spin locks) . JiE
Tl AV A5 A0 T A8 AN 45 M B R AR Al A B A B % 1] 8 0% B S A A T O A R )Y, B
PR IZBE . B RS S TIXAER S O o ek 5 09 i el AR A fE AR A B i A A
JERAR /N PR Ry i B A2 U0 Ak L 8 20 o A 00 B0 5 1 AR A B 0 o AU, BT DA A 2
BLN A IE G i .

{6 Cache —SCPEHL 19 25 11 T, di 7 0 1) 98 B0 5 125 A AL B8 o R A £ A7 itf 4%
oh Ak B AT DLAS Y 0 G A D 4R A oA R AU AT, Bl G A D D A e e A
pA LR R EW NS BT SR U RS R RVINE <3 & i DN D P B e A R e R Ly
0. 1 ik B Bl T 5L A8 4 38 A X B B B HE AT OB, R b £7 I 2 e B B
Mk

DADDIUR2, RO, #I

lockit;: EXCH R2, O(RI) 28 SES

BNEZ R2., lockit /7 47 R2 AN 0,00 4R C ARz 180, Ak 2 e 5 S5 15

WERTESEHL A Cache — 80t 556 0T LUK 858 A Cache , Jf 3 5o — S0PE ML i 8148
PRAF S0 X FEABAT A GFAL - 55— Tl R 587 (1 R AR O R 4 5 A 455 190 00 3 A iy R
a1 /NE R ) SR A Cache vh (R 8 (il AS) SE 4T 808 L 0 AS A6 B8 03 oK 5 ] Bt
AR HEA T — U4 Joy (A7 Atk 25 77 0] 5 55 5 o R 7 o] A0 e LA 1% Jy 3 e A0 A 2 i il
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EXF)

5 FH G (9 B A S 2 RfeR B0 T 8 AT B B AE AR A AR &R # Cache o, KRR T
ARAF BT EE A ]

AR
By

PLIRIRE 1 5 3 e S5 1 7 i Bl O A7 Jk 4 o i # OR T S 40 i 2 R B A it

1% A Hl Cache v 81 ) Rl A< iF
ORI S 77 S O 5 S T RS 1 0 R S RS B I

SR B Ak o X TR B PR B A R I AT — 2 Bl b TR B b RS
U B A WV AT 2o A Ak P28 0 1) ot SR B, WK S AR e S A
o, PR Sk A A B RS R A LA & 0y SRR A B
flifde 1

PRI 0 200 T B I A T otk
SEAT BRI, BB R B B R g R . R,

i Ok

B, T4 1 5 ABUAE . B — 2R AR —— 3R B0 o5 A A, R e R A 31 A
JEOR B 0, JEA I BE R AR JE R M AR BT B AR 2 B 1 (HRE BN A 2 W
B A SRR 1, F)?L‘l’%‘-??ﬂw-l"

B85 PRAT S8 JLARHD I L o

T N R T e R BRI
lockit; LD R2, 0(R1)

I

P 1 B A il AR
A ARA:

BNEZ

DADDIU

EXCH
BNEZ

A5 34 G

R2, lockit
R2, RO, #l
R2, O(RI)
R2, lockit

5t A2 48 e e e BT 0 A 1 B A
CUNVE S0 38

/7 B

/7 IR BB AT BORE IR, AR TR F 1R

/7 HR2 A
/7 B

C EAE Rk e T . R AR A
WO LARRRCE , H A A S R i B UE B SOT IR

/7 TR B AT BRI AR A
Il 53 AT X R A BL JERE 1] Cache —BUHEHLHIM . £ 8.2 44 1 3 M Ab A EE

— H— > AT T e 1 Ak PSS T g e O

Jir A1 LAt Cache v IR X 7 R85 94 13, b 250 JBCHT 1) (B0 BEE OB &A1 1

Horp— A~ Ab B4R 1) Cache 2%
i) Cache A iy &b B 5E J5

#*8.2

INRERSARFUNBRE

FEARTFRETL T M BIAE (0) , Jf BEAT
CEN 2 K BUZBIE 2 80m 18, it LI S 4

B

Ak FREE PO

4b F g% Pl

4k i 8% P2

MR/ H R AE

i A B

B 28 90 i A 75 lock
=0

e ik 2 7 lock
=)

Xk

PO ¢ty % i AE i

Pe Al RS /r»./ P
2 FEHE R 0 | (Y1 4 (U 15 i A 47 (PO) B
SE/H s P2
3 Cache A~ o Cache A fiy v e Cache A fiy 1, 4

M PO T [l
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HPR | AbEESE PO AbHEES P1 LbBLAE P2 BUFIRA | AR/ H R HRfE
(PR R/ S i 2% . P2 Cache A fiy !
4 Lock=0 P
%) Ak
AT & R, B K . Pl Cache A fiy if
5 Lock=0 B
Cache Afyth QOB ]
SER/H ki) P2
17 5 .5 Cache| 545z be . 3R [0 0
6 PR S G ef?T*I B0 ki (v2) | Cache A b %
A i | # lock= B
S/ H kAL Pl
7 L GE R iR M ] A S HERR T B #A4(P1) |Cache K fiy H;
5 (1]
3 A LEMHA 7 lock =0 x

% BB B R TS AR — SPEBL , R 4G PO S A BI(EE 1 ) AR5 PO K4
R (5 2 20) P P2 A (55 3 25 25) ;P2 IR, #E A SCHRAL B (55 6.7 ) 5
P AU kLRS00 15 (55 7 8 25 ) o E SRR ARGl , JX 6 0 (AR 2RI 2 K T 8 4>
Ny 4 i 301, DRR AR A B A AL B A iy v b BRI ] 2 K AR 2
XA B 1 LL/SC sE R o) — AN 325 8 4E WX oy F . LL A7
SRR A 2% XA T 1 X BB Y A 1 R A e B AR Ak T i AR LA A )
4E AL (R AR AE BT S L)
lockit: LL  R2, O(RI1) // load—linked
BNEZ R2, lockit /7 A5 R BRI, T e
DADDIUR2, RO, #1  // BN 1
SC R2, O(RI) /7 5 AAT i
BEQZ R2, lockit /7 Q0 RAE R WO A
%—’1‘6&3&%&%%%@%%%,%:Aﬁ}iﬁ-’iy&Tﬁﬁﬂ‘&tﬂ%[ﬁlﬂﬁﬁﬂ%ﬁﬂ
FH A% 50T 0 4 JT Tn) 81, S 45 T8 B 0L fAT SR O HL LA W5 ), B HE LUK R
T4 PR A B AR 2 0 N B0, TR A B R Y &tIE%%ZlETJ%FH%W\FLiuﬁ@F
JF 4 o

5 45 14 RE (2 &

B. 4.2 /NS 43 1 TR B A BN BE AR A M@ B mT BT BOPE . BEAH — T, QSR K R
2 AE BRI BT AT PR Ak B 5 R ] I 4 T] - AN, I8 4 H St SR R AR O BT A A L g 2 B
AATAEI ol i T R R, 22 S BOR R 4 T RUE S TF 4 o AR 1o (9 811 3 T A
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G 8 AL

SN A AR X

B 8.3 RBEH AR ER LA 10 A Ak 28R ] ik ofe A ) ] — AR B dn R R
2R 48 55 b BB AS i b s S i ) (K I ) sk 1000 A i gl R 0Tt L 220 0 2R A
Cache FpvRR) BIIEA T 136 5 I (i) LA R o7 R B I ]

D BB I (1] 2 O e R A, O FL BT A7 Ak 2488 B 7 e & 26 13 B [l = T AT
10 > 4 285 A0 AR A 12 BT o (0 2 55 B H e 2 /b

@ B BE R IE AR 2T 14, £ Ak BB 35 oR 22, B A AL B A O A oK . JF
125 Ak 85 ) S AL T o ) 2 AR B 1O AN 3R B B 2 AN i ] 7

BB U ARBRER N BRI, ENTAR S A OE A T AR Y S A R A R
— RS

o Uil Bin i > LL 5 % #45

o XIS FZBEOF EBO MY @ 4> SC 521541

o | DRI AF AR 2

DX T i A4k PR A 5L, Ak B2 AR AT 2 BT S AT Y B A5 A O 21+
1o 3 MR G A BE A S0 T I T n] A Z W6 AT

fleBe— AT n ANALPRES . AEEIT IR AT 0 A LR BRERAE A DB, — A~ Ab P
S8 A T S BEEGZ B, JERER S 55 10 N RO 2o+ 15 3T R RIR 0 n—1 4> A0 B g5 4K
S R, JERE S5 1B 2 (n= 1) + 15 JER R e HfE . ol b o] 0, 010 B2k
¥R

T(21'+l)=n(n+l) +n=n+2n

AT 10 S b PRES R U6, HERZR 55 B0k 120 A4S 5 EE 12 000 A4S I A J 0]

A A5 v [i] LY R DR A O e ST X BEE A U [ £ A 1 DA R SRR U [R] 1 AE R i
Bl g g R A AR T i 5 A L A, i L A Bk ) A A B 2% R
FATARSF P VERE o HIX M S A RG] rh B AT 15 2R B,

I TR T T i A i ke 2 B — A A 8 ] 8 DT —— A ] 2 (barrier)
A A 5 ] BT AT SR A AS 1 AR S L A A S R B SR AMA SRS R A T 1
BN T B IR] 20 o HBAE (7 U760 5 B O A T . — AN TR — A T 5 L &l
SRU PR ZM R SRR ) DR BB e B L Bl s — D E R R R es . A T
SEBRAEAY - B SR T X RE I T RE A — A8 bk [ BEFE S5 1 L3 & Wk L B 1 2R 1
HI spin ( condition) K &8 X RO . R I B L — Rl i 8 g s B0, 3 lock Al un-
lock $& {1 B A (19 JiE % 81, 28 1k count G 5% O 51 25 HF R 0 10F B2 8, total L 1 B 5k
POEAS 1 0 B SR, XF counterlock Jin B f4 Dl 584 hE 38 48 19 L7 Pk L release JH K BB E
B LB e — A HEFERE A . spin (release = 1) fiff JF 7 45 5 1 51 423 09 o B 25k
A
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lock ( counterlock) ; /7 AR SR I b
if( count==0) release=0; /7 F— A VEFE W TR release
count =counlt+1; /7 Bk EREEOM 1
unlock ( counterlock ) ; /7 BB
if ( count==1total ) | /7 R A H) iR
count=0; // HEIT AR
release=1; /7 FEIIEFE
%
else | /7 AT R AR S IR
spin(release=1) ; /7 SRR ) T AR ) 3k

}

AU 3 A A A v el T BRT bt DA R i B i R AE B AT — BOJE 2 PRI B ik
AR o B A AN R AT T A A, RIS B A A SR R R AT B () 4R AR
G0 TH R R A R T R A A R IR L) o 3K IR SR AT A BERR A PAT EL PR, 3L
FUIE RS i OO A (0 2R A v e S IR A 3 R AT B B TR o AR A X A R
PERE L 2540 release H T A O, I A L K AR A0 “ 187 ERE“ 4 " 78 7 X HEA 1. X
BE AT AT 1) HE R AE S AR 1 S — Al T b 2 Ak T JE PR SR RRIR A, B 2 2 21k i b
FEH HERR R H EBJE A F] total ( 1 RPEH R T 1) .

fiff TR 3 A T 0 11— A 5 i e 2 R A g T A InF R AT 3 B (R B s i — ) i Bk
A {5t e g A R T 2, AS AR VAT A R R R0 AR AL AS A . HX W]
BTN A (4 A IR FNSE A o ) — A TR I 1R Gk R T sense _reversing B £, g A ifE R 2 fi
/AT A8 3t local _sense , i/ ik Wl ik 1. FHEIAIAR T 45 i T sense_reversing
RERARAS X Rl il A 4 4. (R LR RRDS IH B 25 . 3T 10 AN Ab BEES Ok Ui, 24 W] i
PEAT MRS 48 4 1, SR Z s X Cache (19 17 [ i ] L2 R JHG At Al [ 42 344 e 35 A6 st 1] )
S5 HO 204 S MR BED BV 55 7 2100 A p R, ] EVIL T 2 20 400 4
i A Je 400

local_sense = !local_sense ; // local-sense B fz

lock ( counterlock ) ; // AR B E Y R e

count++; Vi f”éﬂ@&ﬁﬂ 1

unlock ( counterlock ) ; /7 BB

if( count==1olal ) | /7 BERE A E 3K
counl=0; // HE IR
release =local_sense; /7 BTk ot R

!

else | [/ AT HERER B A

spin(release ==local_sense) ; /) TR
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Hy b e {51 o] LA i, 4 2 R 2 ) s A B (A2 2 O R, s R
AT HL ) A At s A i) A S A R () D AR A A SR, BB R R AR 2 I
] A 58 W — A ) A 3V . AR B0 e e A 45 A T AE A SR R N e . — B, —
ANE R, AT LR 2 R i AT o A A BTN o R B, el T A

LB FERE o W B2 R A TR RS X R O R AR AT {Hﬂuiﬁ%ﬁd%&r&m st
B2 SHEORE R BT S IR — A ] 45808 B i B X A SR
ANk, SEBR b A HE R JF AR R 1 e iR I RE R RE lﬂ%ﬂ?‘EJ\f)’u'f’ GNP S]
Cache 95 A iy o LA AL -

R S A R TR AT R AP R E R R AT A . A S, B T e
2 IR — A T R R e R E RS 1 58 B[R] 2 $R A G SR B R] AR 1

8.5 [EIBLkI=E

Bt 45 AE AL B AR T T A1 TLP A AS B4 o, JF A S 2 10 TLP 0 28 Mok e 1, ifi
HAEAT SR Y oh ] G & ILP AR SRR IR M. 55 — v it , F2)7 b ol BB R 218 1 R b
FAAEI S — i IR ATk . B, e 2R 55 55 b 1L R 48 v 2 4> A5 3 R B 22 ) nl LA [35'*
HOFFT AR PR X A EANAERARRE I FAEA B i, J38h B E i R A iF 2 X
I E . X IR LR FE K 1T ( Thread Level Parallelism, TLP)

LR AL AL P — AR A 7 EL AT 7 R RS UR R AT BT, B L R
Wit B R s T B A o] D i - BRI AR Y R AL A g R
WSS o BT LR BRI, FUG DR AT R BE D B 25 A7 BRI I 28 PR AR /N . 2R R D)5 1
oy S LA B R d bR ol PLREAS e R B D04 — k. T ERR M U0 — MR E R A
TN A BRI A 15 3

WL AR ST B AT PRl S B B AR £ 4 2 (fine —grained mul-
tithreading ) , & 75 B 2 45 4 2Z (0] 1 G U 17 28 B2 1 DD 48 , DA 8 753 22 AN 2R A o] L) 58 5k
A7 o 38K LA ] Ry 48 5% 1) 75 1 52 B I RE 9 58 B8 A T, 76 58 55 16 2o A8 vl Bk 3ok A 1 452 st 119
eFE. R AR S 2 2 BERR K 3 S K V- CPU 6 25076 B A4S i fh & 300 40 fils 1t 17 2%
U . T N ERARE U, CPU ] L7 B P73 A 2R B (4 48 2, BT LA 40k 1
Z AR T2 S0 AN A BE 8 B30ty 1< IR ] 457 o 5 | RS 1 A k38 1 68 2 i EL fiE 8 B
PR IR [ 45 T ke 8 L L O RS W T R SRR G B AT, kS TR A
Al & AT AT ] 455 0 1 28 A o AS RE 3% 2 PR of At 2 DR Al 2k A 1 45 A I A BROA T T Bk
U

S5 RN ERURLIE 2 28 B ( coarse—grained multithreading ) | ‘& J& & %) 4R i £ 2k
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P 11 e AT 4 0 0 KR 3 2 2R 2 (] B e B A A T K A () B %
Cache ASfirefr) H LA IR o 3K — o0 7% (i A4 HEDRE BE 22 20 B8 AN s S8 40 R0 S IR A F1 iy 3t
Yl w0 TR, O LA K SRR R BT X o8 A AR
S A I ) B W Py A 2 AT JCA ZR BRI AR 2. AR, %ﬁﬁ)ﬁ%%’ﬁﬂlﬁﬁﬁﬂﬁ
B s B WD A R R B AT B R R G T A A5 R 15 B T
— R R R LR 22 R R 04 AL K R ST e ] () O B A Y . Hﬂ?;&ﬂﬁl#l‘*%”x’
Pl CPU HAE AT AR R4 & A B LHAT 2 A, B I Y & 2B 45 W
WK 2R 7B HE 75 BT AT L G DD ) B AR R A S B MK &y i B B S
A e AS U s 3 G HR S BRATES A . T A S B T RS BB B 2 R X s A K [
5% T T AT R PR 5 R AT R I IS AT K £ Y A T B () R E T 5% R [ o 1 AT DL 2
W A3t

8.5. 1 /NTiishis— Fh ik % 6 M b bk Zb PR 2R L [ JF & TLP Rl TLP () 41 %7 1 £ 28 72
HA.

BEBERF TSRS ILP

[i] B 2228 B4 R (Simultaneous MultiThreading , SMT) J& — R 75 2 ¥ H . 3 A 08 B 19
LIEL##LHHHH& TLP HUILP 4R B AR EA M — Rtk $2ih SMT i) £ %

DR AR 22 00 Y A B 0 5 AT 20 R AT I D B BT, TS 2R AS BB AT 280 A
"'*“ljlﬁ'é'ﬁi'; ifif EL 308 Jof 7 £ 2% T iy 44 08l 2SR BE AL L ok A& A Il R R & Ok A
Ao n] DA TR IS 3AE £ 1T AS %5 R AT 22 ) f AT AR OC 2, AR AR A O 2% 4 3 ot sl A
JE AL A5 DA i ke

< 8. 16 ML & PEHb A > Ar AL PR AR AE LA 4 R oL T 0 %5 T4 FH A O -

LIS EEE 22 i & NOF LT UBEE A8

o SCRPMURLIE 2 20 B i) A il A0 R 2S

o SCEFHRLIE 22 2R FE I B AR AL FH AR

o LRIl 2 LR R i b e Ah PR g

Pel 8. 16 v A fia) 2 % B 4~ I B Jisl 0T 119 415 4 30 11 BE 0, G 1] 7 e 8 sl 3905 40, 1
A 2 7 AHE PR AL HE AR LS A I S S0 8 AT Al T L AS T 3T 5 181 58 1 5 A 3 ol 6 I T A
[) 2 72

TEAS SR Z AR (N b AR PR g b ol T8k 2 /2 8% 0 TLP 1 BR )1 300 s A o) 10
o H™H 5, W4 42 Cache A th B 80 AAL RS AL F 25 AR A

(ERURLIE 22 28 B s ik Ak L vl 0 0o 20 8 174 D10 480 358 4 W o 17 I ] 5% 445 ok %
JRA v 1 RE PRSP A R AT ORI T 8 A s R IRl R (0l TP Ay
B iy L AR R EE 22 28 Fe b FRgR b, AT A AR AN A AT R BRI 4, i FLB R R iR A
AR B, B LAATY 98 AT BE 23 47— 2 58 4 3 I RS I A ) 40



314

g5 8 5t ZALFEAL
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RFRA 4B ®gHC ZF2D
I RS | B3A29%: | Poanels
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Y 1
(a) 3CFF 2 LRI BL
it Al
MU % 422 SR 2 £ 7R [FIIN %8 2R 7
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il e B
|
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(b) % LR AL M 3FHHE B

Pel 8. 16 b ik Ak H g o o 1 9L £ A8 ) 4 b O 9k

TE AL 2 2 B b bk 20 PR A% o, SRR B0 S B8 SRAT TR BR 1 56 422 TR B I e o] 300
H T AE B Il 0 P LR IAL - R A 4, TLP A BRI 5 B0 1 — e s 30
HIRAFAEA D25 IR AL HE A
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i, H 4R SPECIBB () A dirh Ltk TPC-C AR 2 (HHE Adrh JF B &1 5 TPC-C A
T, X & A SPECIBB A7 19 2 M HESR A iy vh R 8% 2 42 L2 Cache YT ],

200 m TPC-C
180

160

140
120
100
8
6
4l
2
0 - - o mm . | o

I5MB32B 15SMB64B 3MB32B 3MB64B 6MB32B 6MB64B
B 8.22  fEA [ A BRI /NS OL T, L2 Cache AN iy o SE IR

SPECJBB

L2 Asd i i
o o © O

8.7 4 T TI MR AE CPL R CPT LA KA RHY TPC (B A B J8) ) 56 1 1) 4
RBO . MT TR AR A PR AL H A M H B RCRE A 4 DR, T LITE AT
R ZICATYER R OL T B AL CPTY U 4 RIRES SR AR 2 15 4 A i Bl 1 39 58 A
— AL . XREMOGES 4 DuHE R4 DR RS 4 MR SR
P LREPRAT — DI BRI . 7EX AR OL T BARR 8 CPT A 1, T (A % 1IPC =8/ 1
#% CPI,
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B8R Z4A

x£8.7 TIAEBH—EMEEER

LR CPL | Rp#% CPI 8 LI AT 2L CPI

K E I AR ¥ 8 LI AT AL 1PC

TPC-C 7.2 1.8 0.225 4.4
SPECJBB 5.6 1.40 0.175 5.7
SPECWeb99 6.6 1.65 0.206 4.8

o T E R 3 AR vl P R UG, T (AT A nk R R BARE A 56% ~T71% . &
BT A KA H S @A AR L, L2 IEWY 7o & Itanium 2( 5 T1 A]
LU, B2 (0 AR PR, A 22 00 0 RE , AF 20 A0 Gk T ARD) IR ) Ak T A A 4 K B g A 1 Aol
JAMATER 4.5 ~5.7 RAR A MR, W€ AL AEUREGERH SR W45~
S.TE L RN ) IPC St — 52 1 S8R, X I 1o 8 B 3510 2 2R 7 1) M 55
PN FHRR TR UL, 22 A Ah B AR LL AR B B LR B i A PR B AR 2

3. ZRAERMMEEXLE

£ 2006 4 2 Fif JLAEHE A AL BRES b, T1 2 2 AR A — A B R E RUBUE 1T A
TLP i A JE ILP, BAE—HUS R BR8N AbBEER X, LA X T A 55 4% I & ) 5
sk, HZ AR, WK Power 5 Opteron, Pentium D J J& 5% F 2 ¥t i1 Ml 22 4% 44
Ao JFRKE ILP R M LML RIS . £ 8.8 5 1 iX L AL PSR B 1 i 4F

{1 1 & P
*8.8 4MBZAEBHBMENBEY
FEE SUN Tl AMD Opteron | Intel Pentium D IBM Power 5
1% 8 2 2 2
B K% BF 1) 4
i fif‘i | | 3 3 s
IR B 4
Fine
ey No SMT SMT
—grained
(7 A !% ahr 3 i
AR R 34.4 GB/s 8.6 GB/s 4.3 GB/s 17.2 GB/s
(DDR2 DRAMS)
MIPS i {f] 9600 7200 9600 7600
FLOPS 1200 4800 ( w.SSE) | 6400( w. SSE) 7600
i} 4 g8 R / GHz 1.2 2.4 3.2 1.9
RISEE & VA 300 233 230 276
S B R/ mm® 379 199 206 389
1, 3 R /W 79 110 130 125
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B 7R ST & ILP 38 & TLP 8 X Bl 4h, X 46 2 A0 #4558 A W F — S LAY
NG

O EAMEXE s B R CFFASOT ss AR E AR K AE ., Power 5
L5k PR 7 458 B YERE , Opteron FlI Pentium 1 24 7% 2508 8 43 e 1 K i 19 95 8, B A1 14K
A B K B s B g T1 LT 208 7 X 5 . BTN E AR AR N
b, R AL s B I R T ok X LA b B AR M RE R A A B, AR, TR
A B AUIE B I R X T1 R B e A5 BN .

@ BN Z A Y RAE 1 AR X 0 FA 45 1 3T A B AR 1 T AR K
WA . PowerS (14 ] 4 i 1 J& e 4F 1) , Pentium A1 Opteron X 22 4L B 48 0 4241 17—
SE ISR AR T WA SCRRYT R L3 K R 4¢

@ T i 92 BB AR 25 BIAR K, ME A E AT &% i R/ RS #E 4T HL A

@ X FEAd 2% F2 40 B oAy S ) BOR AN A . XFF TPC—-C 3X 26 Cache Ay o 48 i 1 il
IR 7 R UL, U7 741 9 = 1 A0 B 8% A AR KIE

JUE WG, A ENT R T I AT AN LR RAR A LB . B 8.23 45 T LA
SPECRate .SPECJBB 2005 .SPECWeb 05 LA 5 2& TPC-C il i 3 #E 72 )¢ Ry (A 2R i) |3k 4 Fp
ZHAE BN PERE L . B b e A (1 BE FBXF Pentium D (9 ¥4 247 170 —fk b 1
Bl Pentium D [J{EH &R & 1.

6.5

6.0 B Powers5.
55 | Ont

5.0 pteron
4.5

4.0

3.5

3.0

2.5

2.0

1.5

[
1.0
0.5 l
0 - — L - N - L

SPECintRate SPECfRate SPECJBBO0S SPECWeb0S TPC-link
6 8.23  { SPEC JE i I AR 7 FIZE TPC-C JEAEMN XL F 4 A 00U Ak B 8% ) 5 BB Lb 4

Sun T1

H A &b B 2% fiiPentium DAY 1k He 4%

Si'igitﬁm,';ﬂﬁu 2 : Origin 2000

SGI 23 v # Cray Research 74wl () I XM & H AR 5 SMP R 48 B 1L 45 & ok, 4
T Origin 2000 F 4| 0] ™ J& IR 55 48 7= o % & %) 435 Origin 200, Origin 2000 Desk-
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48w EFALHL

side ,Origin 2000 Rack F1 Cray Origin 2000 4 fh= 5. Origin 200 IR 55 2% & AT T4 &
G FUAT SRS SR J) i 0T BLGAE] 4 ~4bFIBE. Origin 2000 Deskside 507 % 2 5
45 SRR AL B RS B H e 2 A 8 4>, Origin 2000 Rack HILAE i 55 #% & 48 34 19 Ak L 458 %0 H
%} 16 4~, Cray Origin 2000 iz %5 #% 7 4 HA KUY FE 68 7, 3CH5 i b 21 4% 2 H #x
Zn[ikF| 128 1,

Origin 2000 41| 2 45 #% ™= i AL EAT SMP 1) 5 g 2 AP Ra 4 s ke o L fn Hoak BA7
MPP (4 &5 o] 7 crE AR R T2 0 R R VIR %5 a8 25 & - 1 s PERE w9 sCrE el
P RISHE 25 L BB WAL 17 22 I P IR o SR, 4910 it mT A DAy Al Rl 48 R BIL A LA K SBORT AL A 1
fi A BRI T Web IR %5 BG4 T 9L IR 55 B TR MR AR B A ) 5
% . Origin 2000 Ik 5 4% R 919 170 47 58 n] ik 102 GB/s, RGEAL i # R LL[R] 2 SMP ik 55
AL A5, JEAL TR A7 A AL B A Fh Z A B R & .

Origin 2000 1Y 5= 8 £ A 45 CrayLink HF 3¢ W 4% £ K 1 Cellular TRIX #:1/F & 4t .,
CrayLink J& —Ffh Z 6 & PR H ER A, I TIERLA RS A 170 &%, Cray-
Link {FER T SMP £7 A9 3 S0 80, B 40 R ER R0 b BR3% 59 45 22 1) B9 HL 3% R 2% . Cray-
Link fifi Origin 2000 RGN BIRAL R G0, R G B AT DL — A BEA I BB, o ] LS
A PARH L% iy FL i aT LAy (o i 5o 59 R B ok 4 78 . Origin 2000 5 4t ) 0]
PR RE I I 2 0l LA g 55 1 024 > b 1 8% i HL R34 in ol i 28 40 o il o L 2R
PER QG T3 RE 1 A7 78 B RV 98 L R A8 HLEE AT 98 1/0 A SR 28 % FEfE ) .

i CrayLink , 7345 £5 iy A7 AL BEEE 19 83 b IO A7t 4% 76 2 58 B A — - ik 25 fa) iy
HTELEAE A R G, AH XA i B B A7 it 4% U7 9] B9 B 8] 2 S 819, 2 — 4> NUMA 4544
Origin 2000 F 15 F H s i — S BOR L B Z Cache 1 — B0, fE R 10 LI E
T H Ak A

Cellular IRIX J& Tl 5 f5 5 8 A FH i) e o X480 R0, BRE A RS Tk o A
FIRAAEIREA EL AT LN N R G F KRG LY &, Cellular IRIX §1 £ 4~
FA IR B R AE R G L D BE 20 B 24 e " (BRAE R GEH00) o, 1 e 5 43 il 4
g5 s rh T AT AL BRAR 0 — A F . B EERZ R CE T R AR Y e
] E ARSI PRl R 0 BRER AR X R A 4 S B
3 B8 45 K AR 45 1, BB A% 410 5 B Bl 25 A Ok, mT e e S B A4S S8R A R e oo, 4R
e 1R 55 % 1 AT FH A AT S

Cellular IRIX J& M SGI i TRIX {8 728 iy K 1), /& PA UNIX S Sk 1) 64 407 8% 5 o 45 4
A4 . Cellular IRIX #2:/F R A0 — I IRIX 6.4 HF Origin 2000 iR 55 2% , eIk 37 4 32
AAEIRE, o] LAY FE R 128 AR ES . TRIX 6.4 5% B ) 50 7 o 17 80008 4 10 98 12 0 ey
At

R HTPEA A 41 Origin 2000 3 51 il 55 25 i s 144 28544
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1. 5

15 5B (B Origin 200 ) 42 ) J& Origin 2000 5 45 (1) 55 A< b BUAR B, — A4S 19 s A ik
J& Origin 2000 f5— 4~ 4b PR AL 17 450, Fe&5 g W18l 8. 24 FroR . 99 siplol DR JLAS 43
A

] L2 Cache | ( | L2Cache |
R10000 |~ = R10000 |~ - \
e B RSV TYY | L ) I MBAMB |
780 MB/s W fi
7 780 MB/site{#i e 1
q ‘ . 780 MB/s
£ [~ —[BXASIC|~ | B
L I" swmm | HUBASC | XIO
AT - HoR B - 780 MB/s
. H sk thhk /4 il
780 MB/s | 1780 MB/s
B

[#] 8.24  Origin 2000 % & # &5 ¥4

@ — s H A4~ MIPS R10000 fif &b 3 &% ( N 5 % — 2% Cache) , JL F 4 /& 180 MHz 5§,
195 MHz.

@ 54 TR BEAHBC 1Y 55 — 9% Cache, HiZ5 B 1 MB 3% 4 MB,

@ FAEhdF (AH) LR T 98 Cache — B H SR A7 2% .

@ M TBLEZER ASIC SR FRh HUB, EAET 4 N0 S48asman,
SR AR 4 1, 170 45 1, B £ 11 (4% CrayLink 3 R4)

HUB M £5 kil 8.25 frzR. & 4 A FAE N8 LA AE UFF 6 B % |, 38 5 & 3% W
SVHEATIEAS o A7 4% $2 11 RE AUm) {126 B0 |, die K AL i % 4 780 MB/s, 170 Fil i rh 2% $%
FLAS AT A BT AR 3 45 11, e K% i %6 Ol 2x780 MB/s, Bl 1.56 GB/s, %> HUB 4%
FUEEFE WA S et (FIFO ) G2 oo 8%, 23000 114 A R s i 2% o

HUB DA 5 A% i3 Jr 208 39 R AR 38 G0 P9 30 1) 3 1, o 42 o AR JHL At 4 5 AR b 1y
HUB Z 0] (#3855 . HUB XF 93831 5 10 % X RS0 T 8 i A SRk AT e B A3 19 TN 5
TR AL BEES A 170 WA oI aG Ak . T 2 0] LAy A i R (request) R 25 (reply ) Rl
A 3ty 1 AE 25 1B UM A~ FIFO BASY , — 4> AL B 5K, 55 — A~ F T b 70 %% .

2. /O F&E%

Origin 2000 REM /0 T REG 1 — 4 F A Crosstalk ( XTALK) f 15 38 5 % #4 1 .
Crosstalk ¥ 3R Z SCGI (1) /0 &M% =iy /0 & 45 . Crosstalk 170 &4 &6 11
TEREAS A EAT A 10 i 11, 0] LA B A b B8 U Tl o 170 24838 i 45 S AR 1 1K
Fisiiy [T Crosstalk PRSCH4E 6 E1 T 1, 8 # 2 £ Crossbow (XBOW ) ASIC i K | (19 8
fIE S ST KEAT H.i% . XBOW ASIC itk i Crosstalk 170 S 4 785 8 4~ %5 11,6 >3
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%8 & ZL AL

SbFR 2 4 11
A
Y
il WA
%7 (5%
U Y O
] T |
§ [T t. L e L
g | | f~—F BAZ
E @ﬁ * | VO
‘ | g _ — i;:[F wmA |
‘ A5 I N BAF
L 1 —— SBHEEN
WA it
YL | o A5l
B ﬂi T
LT

[ 8.25 HUB ASIC %5 #

HHF 170, WA~ i 1A 3% #3310 fi i

3. EENKZFRES

Origin 2000 ff) H_3% P 45 7 32 Gt et i i 4% M EE B A R EY . BB et — 4158
TSR , B 92 B 2 [ T PH 38 3% 2 , T LAAS A7 76 35 S B, A T Z AR BE G IT RN
A B, A 4 L [ B B S (IR B 1.6 GB/s. 7B R i R, DU AR O M B
e A Z2 1 5 E 4 FBE L MUITT B 5 T L T O 4% A B B

Origin 2000 f%) 5. 3% R £% CrayLink Interconnect Ay & Xt 37 i $2 {4t 3 /0 0 4% oh 37 5 %
PEAT 3 A, X Bl 45 4 (1 05 22 8] 19 38 15 AT DA 8 3k AN BB IZE AT 1) 5 Hh 45 R BT T T ) B B
T 2 % e FRUBE B2 WML (LLP) JB A7, % % 16 8048 #E 47 CRC L5, JF vl LA H 1A fif 2
W A A . X AE R G R Z I E R R A AR RE S .

% 28 SR E Ay HUB ¥y 3 b 3% £ 3| CrayLink Interconnect |, 3 2% 19 #% .0
& SEBL 6 JCRH %€ 2 UIF K Y Bt ASIC 85 R, B el 88 A0 38 SUIF 56 AL i 6 A B i o 11 4
O T W 488 11 A S 11 A7 PR A% S 1) £ 50003 B

Pl 8.26 J & ASIC S A M B i i i EE AR A -

O e $F 3% S 111482 WA o 11 7D o o 80 482, B S b U146 6 A i 11 AR 3 482 .

@ {E CrayLink Interconnect (5 % )2 P00 (LLP) 5 i T 5 H Ath B% b #8 1 HUB k47
CIETS R

@ T B A L d i 342 7 AU B b 2% DA 38 B AE

@ X CrayLink {5 B2t & A7 .
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A A
\ Y
SSD/SSR SSD/SSR
LLP LLP

g | | maw| || | xss

LI

USS/Ass
dT
dT11

ASS/ASS

Y
|
[ | [
|

\ TTT TTTTT
e | | g | | | | gss
LLP LL
SSD/SSR SSD/SSR

Y

A
T
R
1111

[ 8.26 P4l #% ASIC 45K

6 1 B 38 Py U R0 {5 1l S8 3R 3 9. 36 GB/s.

4. FEMBEEMNEE

WA AT 3R , Origin 2000 0] 4 Ji& IR 55 #5 7 & 2 %1 = E 4 4% Origin 200 , Origin 2000
Deskside . Origin 2000 Rack #l Cray Origin 2000, {15 £ 0] L Hrao b FHBS 5 H 20 51 8 4 |
16 .32 .64 Fil 128 1 T Origin 2000 J& B AL R G , 15 s ABGE ik 4 eh 2% 3 $52 vT LA B
Z RN BB R GE o PR AT AR A A [ 07 ] 2SR IE B AN [R) 8 H Ry b B . 141 8. 27
gyt TALPRARECH My 416 32 64 F1 128 i, REM HIEH LT, K, P Rkt
AR N R 1 mib, H 8 HUBL R Fan il 4 .

128 A~ 4b BEE% K4 B Origin 2000 R 48 4 A7 5 IR 20 B, 78 7 7 1K 2Z ] £ 3% B0
2k g Ay

ARAF L REMY M N Y, X EEZ 45 T CrayLink B % MG HLE] . PIAS Y
FARGE R HUB % H A 4 S Ab BEER 9 R 58, XA Y T4 M & Origin 200 IR 55 2% A #%
AT ol T i e A B A 1P AR Y OB B B, R O T E A B e RS YRR
K — AR . SRS AEREH A B Gt b, n] 750 1| T B ey 4% A0 oAt 4 MR DR R G PR
BN PR RS, I e i W 2R %, T LA BB 2 16 M AL FRBS IO E . L b
3 kB, T LARHE] A Cube , SCBIRZ 32 PMALFESFMECE . AHOB BT 4 &
BE RS AR 075 2l P> Cube 3 45 (9 88 7 7 RS MNEE M 3K B i £ 64 A b B 2% (1 i
o AVESII 128 A Ab B Y S K G E W T A L TT W Cray Router 5 Hi 28, 6 4
A 32 AR AR A4 U Cube 7 3% 18 hypercube () #1 Fh 4544 , 51> Cube T9 45 1 1) B F
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- NN N ®  ®
T W ® ® * L
i ‘ N—®— ®7
3] N®-® & Eﬂ’ﬁ?”“@@‘[ﬂ
® @ ) [N] |
(@) 44 4L B} (b) 164 PR 3% ® |
(c) 324MabH 3%
N ,T“__ sl
N ®  ® [N Cé
R 1 D 1 R 1
N ®  —® 8 e ®-N
No® o ® N ®  ® [N
A ® ® N N-® —®
IS

(d) 64 ab B 3%

(e) 1284 b P 3%
[#l 8.27  Origin 2000 7£ A [ri] Ab 2 4% A % e 85 50 F 09 HaE R fh a5 4
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AT — 2% B 1 % 3] Cray Router |-,

£ Origin w45 2 SRS BLAY  SMP 454 i F HAA AL R8T LAA f7 £ SMP
BER I SR ] R, AE Y R 22 S S KA IR AT AL PR G5 M , (E SUAf R 1 3L AR
AR 8 . HAE Origin REEH, JCiE Ak ) 47 fiff 4% 16 I (] 3 & 5 A5, ) A% 26 B8 408 1
i AR AR FRAE

2 8.9 4 1y [ Origin RSt CPU 1 [n] f7 1 #% 19 ZE B B[], fRR i CPU (1) F= 48 4
195 MHz,Cache Afiyrf . 3opdse /AN GE SR i (0] B S CPU D5 [m] A5 50 77 i 25 (1 5[] | fi K
HE SR Bsf (] S CPU 5 v B 5 d5 J2€ 1) A7-fiff 45 1149 B[]

# 8.9 Origin % & i (a8 77 fi% 28 10 &R 1Y i)

4 CPU 3K B /NGE R ] /ns | B K AE R I ] /ns S ¥4 ik 3R 1 6] /ns
2 318 343 343
4 318 554 441
8 318 759 623
16 318 759 691
32 318 836 764
64 318 1 067 851
128 318 1 169 959

# 8.10 F (1) 4 Origin R G447 96, Hob R4 HUB & 3 3% 48 A1 B 3% [0 4% (1) I
KB R 1.56 GB/s( 4 T.,2x780 MB/s) .

#*8.10 Origin RGEWEE

R YLAL 25 5L 9 (O PR A% 1 2R I8 (A7 TR G K I 2%)
8 1.56 GB/s 3.12 GB/s
16 3.12 GB/s 6.24 GB/s
32 6.24 GB/s 12.5 GB/s
64 12.5 GB/s —
128 25 GB/s —

5. FfiEE k& Cache —E 4

Origin £ 48 A7 6iff 4% )2 IKE5 #9 0] 3 B 9 47 4% . L1 Cache L2 Cache FI 3 7 it 2%
o 25 47 2% Fl L1 Cache ££ R10000 f3f &b B 2% vh . % 77 4% B9 77 B g ) % %
L1 Cache X 73 il 4 % Cache FIE(HE Cache W84, 35X J& Ky 1 3 G HUHS 4 FIA7 /B
i B AP . L2 Cache 223 7617 35 K b 58— £7 48 4 FOBCHE L th SRAM 41 1%
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)& 8

i 8w AL

Origin BY T A7 fiff &% Mok J S8 — 4 Bk 08 B3 A A 31 9% 58 4 B3 ) %% T DL Vs [n) 3R 428
AT — A7 it HoC

W Lh T A — R R — A T B B OB A SR ik 25 CPU i [W) I A2 ] )
A A Cache wr o At b 285 A 0] G 332 30Z BOE , R e 1) — B8l wT RE A il AE LAY
ML Cache o []— 304l 45 45 1> Cache i Bl ASHS DR 45— B0, X ad 3 T H ok iy —
FEPMOR B . Origin REEMY Cache FHIE 1E K DML

fE Origin B 44N 5 b 04T — S AE R ae T — A H sk . AEBE 28 8K 23 by 77 it 4%
Pe JOR/NY Cache Bty R/NAATR] . 554 A7 6l R AE H SRR b A7 X WL — 30T, 1% H s 20t 4
T AT A A A AR IR AR ST B LA R R GE P 45 Cache L5232 A7 fifk A B0
(4 07 1] o, AR AR (37 1] 5t 0T ARG W26 Cache p A7 JLRIAS . Y 30ATS FR4f 88 B 1 B AR
FI S IGT AV 1) B o] B A7 OG5 A3 P 8 Cache B4l 5, AT S BE Cache ) —2(E . C T
S % Cache —B(PEM JrikiE UL 8.3 1Y

8.1 frFLL R 440l

S It 52 Z 4k B HL IR A A 5L 2 Ab AL SMP
£ Cache — &1k AP P L3
BbA2 1] 2 e 4% Bt [F] i 2 2 A
YKL JE Z LA HURLE 2 A& RO mpp
DSM
8.2 L Ar i & A 19 T A 3 3 L T 25 A7 MR 2 I R
8.3 Al aJEZ AL PRBHLAY —B0ME7 A i e — Pk 6 T PIMSORT L S M LI T D
8.4 iR S T UM SCRIE 1 B2 BMCAEE Rl T 22 531
8.5 P A 7 A0 PEREIF A7 3159 ML AR GE 4% #4030 5% mT LA 43 ik 5 242

8.6 AN H AT 32 HALEHLIY R GE, 0 R AT 6 25 U7 )& 2 000 ns. BR T £ A SR BB
SR 0 g ) Bt b b S A A L A e AR ORI AN Ak AL EE A Ak BEAL ) s JE 0 i
St 10 ns AR BAR A AEA CPL R 1O BT AT Ui A7 B i eh Cache) . XFF R iR BRI B

(1) BATIERE i)

(2) 0.5% (1485 % i S e B 1 ]
W i & L Ja F 2

8.7 (M TR N AL MR R0 R TS LK Cache., 718 8.6 51 8.7 i K T Wi iy
) Cache — SVEHML A 4 ELIL Cache, H ORI A5 40 . R A 55 e

8.8 (EARUE M AIHA™ ] 2 e, 5 oA A S0 88 1) 30 A E6F ) A 55 SR TR B Sk €Lk OV A4 4b
RS — B AT U] 2P Ir s 2 (R I ]

8.9  RIJHHEBA B A fetch—and—increment 15 <92 BUMRS [a] 25 | 585 & 00143 9 5 5% FH G % 41 92 B8 1ty
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WS 1) 22 R AT PR RE L 42
8.10 AU SEHLEE 7 LTI B R — S, S B LT RE A A R I B k. RBEHE
AR B, JRTAY ] 8. 3 JHE AL LI I ] T



B RS

— AR ARG
— LB 4 R
— LB %
— AN EL

BLEE (cluster) REGER IR T 20 f42 90 AR A I, B it B 2 & 8] 44 5 5% 4 i 28 57 1
S MLE 2ok o P R P 4% 3 e AE — R T R R S PR T AT I LR GE . K PR T AL
HBHHAT 1 O AR 28 170 Boae AR AME R T, B NTHENLRFBR AR R G 10 o T P 1] 22 1y
SE M IEAT I SEAT 55 o A AL RN R 56 BLRE SR — A — 1 R GE , T LSRR o 2
) fe P B A 58 PR ] R 9 IR 55 o

HETRAT i s s AT AL RS 0 d # T AR A 5 26 Lt & b 2 — . 53
Hh 4 K53 R IFAT 1] AL FRAL (PVP) X FRZ AL BEAL(SMP) RELEIEAT 4L FEAL (MPP)
53 A AL 2 A7 6% (DSM) Z b FRAL . HLEESS # S8 A5 10 JRE (0 A0 i AR5 1) 2R 136 1 A T 7 i
Pk BRI AR K Sk i R s SN ) — R gk . R 9.1 FIH T 1997 4E 6 H %2013 4 6
J1 3% 24 AR PERE T3 HL 500 58 (Top500 ) HE# FhAILAE AR 40 19 B0aE , M bl DL 26
A AR & R . TopS00 HEATASE IR T 1993 4F 45 HF 1997 4E 6 J A Ik
A PLEELS A0 T B HL I A% HE 2, e A M PLEE R G0 i B AR R P n——
2003 4F 11 ], X —$eF a3 211 & WU R Top500 HE 44 v He ] 5 & 1) 235 44
A 201346 [, 04220 WIf mE . VUBFC B S S ME s B R4
Fof d 5 FH R 4544

£ 9.1 Top500 BT EHMEEFELH

I [i] Boht L B I fi) Boht L f)
1997.06 I 0.2% 1998.11 2 0.4%
1997.11 1 0.2% 1999.06 6 1.2%
1998. 06 I 0.2% 1999. 11 7 1.4%
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i i) okt H i o] Boht 127
2000. 06 11 2.2% 2004.11 298 59.6%
2000. 11 28 5.6% 2005. 06 304 60. 8%
2001. 06 32 6.4% 2006. 06 364 72.8%
2001. 11 43 8.6% 2007. 06 374 74.8%
2002. 06 81 16.2% 2008. 06 399 79.8%
2002. 11 92 18.4% 2009. 06 410 82%
2003. 06 151 30.2% 2010.06 424 84.8%
2003. 11 221 44. 2% 2011.06 411 82.2%
2004. 06 298 59.6% 2013.06 417 83.4%

9.1 HBAEAEH

AT CBEF RV A J5 I ML R G SEAEE K . HLAE R G0k 2 9 L
SRR, ALY R GE BT A AT B0 1R B T i B 1 I Y 3 2 ) R A AN S oy 14
THIX BB, ikt Gl 7 B e 1 BUAT T AL 3T AU R G T R 4
P o AT T RE S B HLIE AR GE I B I AT AR R RO BR TR R A
JRATRR Y BOUE SR BE A0, A A B F (A M B 5 ) A X LI R KBGO A R A

1797 A&, VAAE S BRAS 5K 19 D RE . |
| [cpu] m Cache | |
9.1.1 ¥HBEWEH | . ’
l
’ |

|
BLBE S — B0 A6 I 5 T hg gk | LNMC lﬂj ‘ Jﬁ,'"!j

E

AL AR SR B AT LR S B

% £ [ 4 5 5 40 159 2 ST 3 B3 3 v Z0H,

(3 AE B IS U R R N N — , :

WA SE 0 JFATIESEAE %5 . W f gy || CPU| | Cache } [cpu | [ Cache | |

HEK AT HLRE A — o — SR i :j:ffrfﬁ_sag_g-l é_ mas?“’

%%ﬁ“ | NlC PﬁCI \' NIC — PCI
Bl AT AEHaBPCH — —— —

1) T PARLEE I 3 25 4, 1K v NIC £ R 9.1 Ao 4 AN A PC BLEE
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9.1.2

HoRE MRS

R 482 11, PCT &R 170 210 X —FhoE k52 i 4544 ,4 & PC HLIE i S B AL (switch)
PEHEAE . H AT K BOVLEE R G AR R ALK Fh s b o 4 SR 1l v 1 S LA oAy I o
85, R AT LA B I L g S A5 LI R GE

9 B MLEE 1R A5 3 20 S T SR LR ALBE M — 19 8 AT AR R — D e B R R
BLRGE , PA A Mol 8 M ERAE RS ol IME N — A i B AR 0. B T
PC HLAN , BILEE 1 15 8058 AT LU ARG, 5L 20 MR R % R 22 b BRAIL .

P IMLBE R G b 45 W T RE AN TR] , T LA & 41404 3 2K,

© 5T RO

@ R/ BTSN R & MILEE R Z BUE R R AR S MRS
) B DA KRB A R W R A RS R B R G b . A B B8 SR R AT R
FIAE b 48 52 % DI fiE .

@ 170 155, M50 NFS SCUF R G0 15 40, 170 19 5 — b A7 5 3 4 18 2% S0 &
Ge (NFS) SE LR, SRS R R 1 ol 27 3 e H A AT Bt B 2%, T 08 SO 170 #45, H Al 1Y
FAUT R A B 5 R AR 2 i 170 45 R 58 Wl

X3 2 T Y EARE A S AR TR TR AW R AR R TR RR
Xof iy I R S A S ORI PR AT RE T o A, TS AR I 3R kA
A, 532 I 00 RE 52 4 B B FE W BN A7 b, OF BB 0 SO oy A R PR GE 15 R 4 L i
RGN A BB SR R A RECR A S i RC B BT L T

BILEE IR 25 AN 19 0 — JCHL ok 7 1k X 4% 3% B2 48— &2, 40 LA K ) Myrinet , Infiniband |
Quadrics 25, 3 2> 5 FH ML Bt % F % 3 ™ 2% 1% 22, 40 SP Switch , NUMA Alink , Crossbar |
Cray Interconnect %5, W05 S0 /0 B UMBEH I NAHE, K 9.1 iy
NIC 5 PCI,

T R R LA B R 2, n] (b e B i = AR AR R 2 T HOR ) & e
w7 S RE (PERE LA B A% bt A B 22 0, G AT 2 R 0 Y L R R T HLR Y
PR BLAE B B EK

LB R

B R U RS A AR .t TALIE R G045 M P 99 S0 S 5 g 4%
B NP R GEAT BAE XELAE o 8 1 kX — el , B BR b AT iy X
FEFEST TR R G2 b il L — 2 R A R ok A R A HLRE X B0 ML 4 1E
ARG

B 7 B MR A B URUIE o LK 0 2 5 S D RS , LI BR A 2R 03 0 20T 58 IR 1YY
73 b — U E Y REIE S B R SR (Single System Image,SSI) , X ZHLEEN — 4~ &
FRFAE o IE AL Rk SST A B A HLRE A M i A BRI B L AR — A o 3
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SSI 4647 4 1 7 X
D R I R S LT 0 L A BLIE B
ﬂ%%ﬁ%ﬁm

CR P AR L R P s R G T 0 IR 55 AR OR L BILRE e — 1Y
*‘/I‘M"E:i 151 2000 D o 5 At Ak P A 4 5 B — S E — ARk R v, i AR S AT PR DY )
— A — 1 s ) i X AN HILAE ) T AT R A T A R C E

@ “XFFRPE" AT EAAAIURE B AT: Aof — AN 5 a8 3RAS R 55, o st i i, X - T A7 19
SURUITAT HL BRI e H A R S U7 0] AL PR i IR 55 S5 S RE A1, A LA IR 55 5 D g AR A
RFFR I, n] DL ik AT Aol — A s g R Es I P .

@ “PLEBEW A 1 I BT IR 55 1 9 B A ) LA

M, WL R G SST FE A Z AR DL R 3 R IR %5

(D f— % 5 (single sign on) | RIEHT ™ o] DL o HLAE o (9 AT fo] — A4~ 6 o, ity L
FEAEAANEMY BT T2k Bt b LG 60 s UK, AN 2 DR Ml 4 U 280 A A BT i o B
(5

@ H— 3 RS (single file system) A7 M Jy 1% L. |6, fEHLEF RS D A —
S Stk A AN HILARE T AT e A AR (] () 3 AT b BEAE B AW A Lk A
AT IEAT A Ml B B SR BEAS A A T R[] 3] 3% 26 3 HE AT 7E B AN BLBE & 490 v 0 i
HA 1.

@) H—AFr 45 B &R 48 (single job management system) . FH /o] DL B s AT — 1Y
SRS Al n] DL DA AL 38 A2 5 s A7 i 5 S g B2 AT . PBS (LSF | Condor FiI
JOSS #JE H Aij b A BA R R4S R 5.

WEA AT 4 Bt AR TRY LA R A G 19 JF A 7 G 2 A 58 2 L ARE R 46 o A T b 1 A
FI A EL S AT 19 JE 47 4 A2 T L4 5 MPL PVM  OpenMP (HPF %, MPI( Message Passing
Interface ) j& H [ dpc FL 20 — D T B A B i LR, & HA ] BH kL. )
AE 98K RCR @ SE V2 i HLAT VE 2 A [l ) 5 2 s 8 Sk B S BERROAS L JL T B A7
W IEATIERHLT RS AR A X & ) SRR B BN AT g B SR S AR . PVM ( Parallel
Virtual Machine ) 1 & — & JH i 5 31 0 A% 338 00 JF- 47 4 B PR B2, & 410 1 A2 ol 1 8% g e
WA LR IR AT HL R S8, A T4 e AR 44t T 12 47°F &5 . HPF( High Performance
Fortran ) ji& — > S 8048 JF 1719 JF 173K 5 kR . OpenMP ( Open Multi —Processing ) ji —
ML EALAEIE T RS iy I B O CE R T — R SIS B 1T A R AR
B8k, 3 Ay C/C++H1 Fortran 55 o 9385 5 44t 10 Al g B2 4 10, © 4 0 H T UNIX I
Windows 4 Z fpE- &

9.2 5 i 7 HLHE R GE AR HESS . DLIE B4 &R 55 (SST A R LAt — 2L BL T (4
AR BT 0 A R R T L e . B2 BRI AT AR IR, A T DL it
HAT S R IR B S8 IOFAT NIRRT AT A 0 48R, s34 07 s mT DA S o ML AFE v 1) 4 o i
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JE B HA AL L RAT

7L
4217 97 i # I R A}

% ALBE il
(LR B ARG a] ML RE)

PCIf'FfNﬁJ PCI{’F%XJ PCI#%#‘EJ IPCIﬂEﬂ:iﬁ
[ ‘- \J@ LM

9.2 HLIEZR G000 8 HE 4L

9.2 MBI

5 MPP PVP SMP DSM AL G AT it AL R M L ILBERE B A W F —

O ARG RS EL . th THLE ARG KL R AR AR PC HL AR 15 4, JF
I 2% 38 e — R, RGUIT R B H GAE TEfE FREMIMTRBAEL | X KK
T AR e

@ ATEEPERT . BLRE A BB 1 AUAR I S 9 PC BB T AR, AT A K RO

ANZER I HAB T SO IR AR 10T ELE AT 95 3 T DAKE RS B At 5 4k 2 52 i, M i
A7 2803t 3 G T B R AR | R I R G T e e

@ ALY ARSI O THSRR B A T AR B R K. X — 7 A R T
HLEEST A 9 R 05 Pk, ey 99 1] AR R85 5800 2, HURE 0 37 080 W] AR in 2 1 1
T3 o5 —Jr WUty FHURE R G0 BE 45 5 & 78 AR 4, T AR T L

@ e Eees . i T RN RGO T IR AL R G M A Y E AR B A
JLE T 80 BT 05 Eoc. MHLHE R 15 1 R0 2 #0 JE B a4k 1 TH 8 0L &, 48 At i
7 AR A B A, D LR R SRR AR LS 4 . S AR RE AL GE0F AT SR HL R
GEAHLE , HUEE A0 A% 241K 1 ~2 DU

& WP e, PLEFRE D, EIFEJﬁﬁRAEi—EEﬁE‘J C.C++5k FORTRAN
AT R 5 o A AR L PR SE 5 5E0E L b JAT R AT R F A ek Bl AT R . R T AR i A 1
o P R BT, JC 200 O 1 B

AR HURE A RS R R 15 45 T IRAL B AR B R I 4 B R R ORAT R R
Lo G AR B B () A A Ak R 0 BB S BT AR 0, 1T B R D LE S IR R
BCAEHLAE T SR AR FPEREE - R . R, SRS IR U R K A Y
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fil £ B A1 I 24 R 0 b it L 4 100 0% BEA (9 208 5 0 8 1 B O £ D Y S LA LR
A5 ] 3 A S — A A AR M SR B G T T AN O A R
MIHLEE R GEME 5B ., 55 =, W& PVYM MPI HPF OpenMP 5§ 37 4 2 45 784 19 1]
FH 5 B (A ZE LI R GE b R EAT I HIRR e S0 {6, DG e 4 5 0 #) 1o R I O
R E T AN RATRIF AN S . Mt SR PA T AL — B — D — i ba

PR A RREZ b, d TR 2 6 5 8T 5 LU, & R 4R 3 M1 Y T2
[EE 2245 B2 AR HL R G0, Rt i b A i BOK 47 2 i 8 . SMIP U AT X 4%
Gf PR R R AL ARG T IE R R st BUAEAR 22 HLEE R ] SMP
8 R 0, BCRE IT LAWY R SR B A HE TR R AT LRI E .

9.3 MEHNDHE

He R R bl BURER 4024 7 AT TR . 000, 00 200 18 1L B 9 46415 6 0 1 24
S5 ) BUIRE T 63 5 15 5 2 ¢ AR 45 A PC 3 2 T AR s, BLARE T L it —
5552 PCHURE S5 TAR S HLRE . 7% i I3 FHD 0 43 07 ok i J2 LA BLIRE 2R 46 0 0 1
B 4 FE5 5 T PR PE BLRE 57 4 2 M LI B % 5 R AL B =K.

1. A LB

R BRI B F A9 & 15 6 b S0 7 %tk B NG B0, 3 R Ak S 8 1 AR
MRS .t R P OTAHLA L 4 2R S b S/ 1 ol T R A T 2 L A L 1
5545 B B 1 ) B EE R S BURE 4 55— FLAT AT ) T Rl 15 5 M 9 45 5 1 AR BT
SCRE P I 75 L R BE 0T 1L 1 SLAR (IR % . B HLBEE I T Web i %5 5 B 2%
WEWASL HAT POS 5 46 %5 5K 145 B LI 95 1 1

2. B BEHLE

302K LI 9 5 R 4R 5 49 01 BN I LR B AR A 7, 1k 95 5K BLRE R 5
B 2 e A1 A S AR S M AT AT 25 AN R R, BB TR T A W A
W L B B SE AR R T AR A SRR I AR Wb AT %5 40 IR B A
45 0 b R HUREARIE 7 A L KR 56 1 11 (A1 Web IR 45 28 5% FTP % 38) K T
it 4 A S5 HHE A B0 M B ST )

1045034 B85 LB 1 A LA — 5 00785 P A0 6 00 A BRI 1
TR IS . 0% 5839 W LIS JT T 00 0 5 8O0 19 R %5, 0 HTTP J 5 ¢
75 P 1L B 3 P T S 0 5 10 5 S L T 2006 5 75 O 1 I 25 o B
HE2Ge . 22 B LA s o] FE LR RS FE T 42000 3 A5 000 10 B 45 th T8 05 A S )
FEGRA I . LA 35, 75 5 I LI DA, 3 R 95 L0 O ST — O 47 B 110
TP 21 AE AT — B0 P — 45 0 B U 1 B
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#I HLHFERL

3. SERENE

K HLIERY £ B H ARG PERE T E 30 (0 AR o & Rk e ) R L 2 f
B4 2 BTG PCHLE ARG % e fE — 2, nT DA 40 58 M 1 4 0 1135
BLAR LI T AR AR A B0 B AT A IRD 33 R AR SR AT HF ML R Sy L+
Nz XFEEE R AT A PCHLEE AT RASE BGE B R A B %05 ALA AR S8 i
FEAT S5 o X AHUREIE 555 5 R M A7 0T, QA7 i ™ 8 a2 o7 R A AL AL Ak
PF ST 55 . MR R 1 o sth 4 0k 2 PR R T T80 IR 55, & e 206 A — i 1Y mT K

A Tl LB T 73 S T ik R 4% M Jr SO LR 23 A e FAILARE A A lb AL
oo A LI A AR AL e i K R B sl B R BL T 03T A, 3 B LU A R, — AR e A
AN LI 9 JBCAEBIL B T P DR e 1 A o SRR o, ol O I (] o 5 . % T PIL AR
(YT AR R I A 1, — SR A b e ], o — A (sl — ) 48 1 R e — 48 1L, il ELJT P
— e S ok B ALK U 1] B JRE R G Ak AR R Ah S A B il i Al
BILAE U LE G AR S, 2 1 5823 1T 2% A 19 9 25 R BT 5T B3 1Y, IR I LA 4 9 )
FICLE T, JF AN B L AR ] — A Py ], B 28 A o 2 R A [ — i v o 451 0 e i
PRUEM) LAN ¢ WAN T 3% il {5 T ROR VB IR B . AR W ALBF 2 A 19 il — RS S+ 4
19, JF th AR A AS0A X RERLIE AT B & L RE X 25 A1 s b A7 A BR A A 3, 9 s AT
A7 AT LB R A7 G HIL | o G el T A, i LR AN R B A AR 55
WLz BA IR LA, i T A i Al T o AR A LA A P £ X A gk e
F A7 AR — R 10 2 R B R W BB T RGP R AT T8t A 8 5

9.4 EBYBERFEFT

9.4.1

Berkeley NOW

NOW iy 3& [ Jin o A A7 se A o0 K0T %, 0 — S AT 52 1 1R, SR T AR 22 de itk
A, W RV Z AL R GE L[] . & HATAR 250 A5, 30 SR g T I A A o
)1 B A P B S AT A i P 2% & LB K {F GLUNIX ( Global Layer
UNIX) $& ik 5 — R Gu AR | BE IR A5 B A0 AT FIE T & 1 — iR i) TC IR 55 45 9 48 SCF R 46
xFS | DA S A il P HOPE R — S 2 Ui v ol I

1. £ZHHE

3 3 1 S S BT B 38 5 16— b S A0 T £ PR, R A SEUARL R A T I Sk R 4
fi S 57— AP 97 B R (PR O I B AL BRARLTY ) A stk . 2490 B Sk B3k H 9 45 5
B, 8 9 5 AL B i 19 2% AR IBORI T (1% Btk , O 8 & AT 4 3 IE e 2R AT B i
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9.4.3

9.4 MAIYLHE RS AN 343

B S Y RO R T DA E T8 Rl R G W LA A R AR A L

2. GLUNIX

GLUNIX jEig f7 76 TR bRl UNIX B — 182 B TARS M. HEEKR
TR R AL R R G K2 A 2 4R, Forp IS 2 2 AT 7E BT 1 1 i
VER G, )2 A RE AR A HLEF B i i) — Le D RE O M BB E R e . F il M, X — B2
% B OEHLEE N T A B — RGE MR A T A B AL B3R A7 A X 4% 2 L RGBT
Bya] Lok o Bl 45 HR AT FOR AT R AR T OF BB REE USRI 10 P B3R E RS E B
KB

3. TREB|WMXHZ S xFS

TR 55 4% SCE R GE xFS J&— A~ JC Mk 55 &8 19 o i X SCE R 40, B % SO Al 55 1 o ik
Or AT BIVHLEE 0 BT A7 35 8 b, DL IR AE 03 3 47 98 1) SO R G M 55 TR & 35 5 R B
M TUA R WE 5 b [) SCOF 92 A7 Ao A U LSRR

Beowulf

1994 4F  NASA 1) — D RHIF I H 38 V175 % —Fp TAEM , R EBEEA 1 GFlops (13
FALFARE S A 10 GB Al A, A SOARRBIE /. B T 353X — H AR, /£ CESDIS T
{E 1) Thomas Sterling 5 Don Becker — AKG#HE T — AN HA 16 415 S MHLEE , L6 (44
1 Intel 1) DX4 4bH & LK 10 Mb/s 9 LA R, B0 ) 3 2038 T4 i B B € A= (1) Linux
ARG LA oAt —26 GNU B, XFERRWE R T T3 RE ) FA7 66 25 i R, SRR T AR
A AR X A R G 44 A Beowulf, X FpILF COTS( Commodity Off The Shelf) L AH ()
BRI GE 1 NASA % 1 2 AR RBHOT ALY , KX 28 HLAE B FR A Beowulf 25 HLHF ( Beo-
wulf Class Cluster Computers) .,

Beowulf EHLHERE S0 1 X FE— R R G 5@ M BE 44 | Linux $24E &% /0
b GNU JF A58 VL & PVM/MPT L2 B B by s @ UL o ' — 7 T4 v 17 R 26 K Xof 456 /N
M H AL TE R 1 L BEAE LA & 0 P A L 4R 43 5 R B HLAR 24 A PE BB L 55 — J 1 o A E
TSR ENE .

Beowulf Jf A & — & B R el 2 —Fpopr i M & R i, & K2 —Fh A,
RVAE R B BE R H AR 89 AT 8 B L 481 B 4 b A R I s i M e . B HAl o T3k
IO @ A PERE L A7 2 Beowulf HLEF R GE L H] T — 2% B sl i FH A0 5K 1 DA B R ok 1 I
2% HE RS B HIEA T BB RAER.

LAMP

Bt L B AR O AN W 2, SMP TS HL I A ST R e i F SMP TR MLR (i T
B 1957 P9 R £ BB T L BT LA AR AOAS /NEC ' (2 ~ 8 AN AR FEES) ity SMP 9 R HLEE
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9.4.4

F9a RS

Z B T, X R 2 # 1 2R Gi 9k S B CLUMP ( CLUster of MultiProcessors) . (H
T SMP 5 5 P38 15 SMP 7 £ i) 58 {5 g ) FEFEAS— 2, CLUMP — i f FH % 1] #9 3 £5
ORI A 3%

LAMP( Local Area MultiProcessor) 4 i NEC 525 E # & iy £ F Pentium Pro PC (1)
SMP HLEE., LAMP 245 16 AN A, 541 A 40 & M Pentium Pro 200 MHz 1) CPU [
K 256 MB N 17, i RG] 7 S FF SMP 1 Linux 2. 0. 34 & A, #&41t MPICH 1.
1.0 AR IF T R EREE . [al— 4> SMP 45 & N 19 4~ CPU 2 ] 3R Fi 3k F 3k 2 A7 il 4% 1
T S 3B FL AR AT 3 A5 10039 A5 1) 3 135 U 3 ik Myrinet 58 1o

MR 15 LAMP [RER I T Beowulf 848 L2 235 F SMP 3135 BL Fy
M X W 7Y RTHLEE RGN — AT E

IBM SP2

IBM SP2 EHLEEH AL &M 5 el T FRFATHE  tenl BE R LA H . 1997 4F
HILR R 8 I 1 o 2 ML e 4 U b 2 G 0 TR, il i — 5 2R 30 4> RS/6000
TAE (AT L 1T 480 J [ PR R ML H) 1 1BM SP2 HLEF

SP2 HLAF L 5 A2 1 MIMD , HAT /3 fi A7 ds R4 M, &l 9.3 firn . & &4
I AAR I — 5 RS/6000 TAE 45 4T F C A 2% (M) FIA o £ (D) o 47 20 R
1) 40 F 2% (P) S — b 6 3Lt A R b b b BEPIL , A B R 30 ] DABRAT 6 45464 (45 M
FAILBUEBAR S AR SN A — R RS A R — R AR S . B4
WA SRR ATX B R 48 (IBM (5 UNIX) |, 45 5 ) #0532 IO 4% 432 11 2 ARl &
() 38 L 1T A 170 Gl JE (MCC) 45 31 W 4% |, T AS S 58 o A B 19 47 6if 2% B2k
{8 IBM 2 w] (9 bR fE 170 S04, F T 418 A0 i 4% 1% 32 8] RS/6000 T4 3 il IBM
PC b o 3XAS ZR G0 R F AR v 1 A 0l 84, A A A v 12 AR A BB 0 AL M R R i A (i 1 &
FRER A FOAE A . 15 0 0 58 42 00 4K 1 0 R AR 406 AS T FH P 1949 107 ) R0 555 ) 7 2 400 1) 0 A 7 7
o th T SP2 RAIMUIERGAS M, D& 69 IF & J5 0 b 45

VAR —_—
_ ,; S
: - = — - RERWE
p | Wil [p | T2
=1 L |
o] [E] B o NN B S
— TS PPN LT
| Mcc g { MCC}—————
77f77 — ’gi—cf‘ [/OE’-{:&h 1 —— 7NF ]/OE'\?Q
M T M -
i PERE I X (Omega 2 42 JF %)

[¥1 9.3 SP2 [ RHc45 4
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SP2 W B 2 ~S12, % T 8417 SR RS/6000 T fEuh 4, 3 14~ SP2 R4k

T EALE A A — & RS/6000 TAEMfE N REGER 6 (9.3 H iy S) . *ﬁé?IEJTLAﬁ
A 45 AT L — A AR AELAR R, 5 — AN R T TR @ REJT & HPS, X

— > Omega LT M 45, — R LK I FT 1 0 3 {5 o 3 8 SR AN 8 () /8 e JF & A i
IF & 4t B A 10 28 AT el T HPS o LAK I 2 31 4 03 i 4 AT, 24 HPS Y 3R g o 1
Al LA A PAOK R e 4 R R TR A A, LUK e o] DABE R GE i W .51 =
TR A A 2R A PR AR T

SP2 (15 # AT 43 R 3 28 BT Y RN 2 VL BN — 1454 Cache, —
ANEHE Cache ,— > 73 SR A F G RS 155 i T A4, 3 A 8 B8040 AP AN P2 s A E AT
FEAFA AR 75 i BUE T FE A 170 SERIE R B LA I AN Ta) o 6 dn , o6 77 48 75 0 T,
TS AT ik 64 MB ~2 048 MB, H.{th 9§ Ff /& 64 MB ~ 512 MB; 4 5 d f1 40 2 5 &5 0T LAAT —
2 Cache , T 47 S WP AT 5 76 A7t &% A0 2K 119 56 BE J7 1T, 98779 s 02 256 L, 4 2 75 A& 128
O, 4077 RO 64 47 . X AR H A& 7l R ARG E B RTE . (£ SP2 1815 41
AR R Cache [ 85 4B FU AR, A0 P 45 Pk BE R4 8 , X {48 SP2 [ 4L HEGE U7 RE W
IR FNAH Y & 1 KF

SP2 1 45 k38 o R 268 43 11 T OC 452 3] HPS | IBM B H FRAE P GG Bl #% o T Q38 il 4%
A 8 MB (1) DRAM JHI K A7 B4 Rl AS [R) DR SCRT 3 1) K i 4 3¢, I T — & 1860 fi b
PRAS R TR . WSl LR IS G A E FERILLRM b, 7E SP2 R4 B HPS 4},
A 138 2K G o3 A A8 4% 11 (FDDI) P38 82410 4

SP2 1) I/0 FRE M SIRZSAIIE 9.4 Bk, SP2 i /0 R HA | L
HPS #3711, JF o] LA — 4~ LAN [ X Ja] SP2 %ﬁ%ﬂﬁlﬁ:{mﬁﬁmiﬁ& SP2 [y 5 p5 Al
PIAT 4 BRGS0 e m 0 170 1 0 OCTT S AR A, T E AN (B 9.4
M) H) K A 354 b HT P T W25 0k AL AT A AR B L 170 Y »5([_%1'435’1 I70) 2 H k58
M 1/0 IJJﬁE,fﬁJﬁM’E%Jﬁ‘:EJ)‘C#H&%%% W SCT s (P g G) L FICR S BB, imii b F 1y
ACCE Y CO) ML R . X 4 Ry ST A — @RS, — 1 B A
] PAE R T35 80, 170 99 gt o] DUV R I 619 8. BeAh,SP2 RER [ LA — & 5
JLG AN 55 & , ) G om] DABEE I SO IR 55 i (2% i b 8% T IR 5

n
-
o=

(o]

Ed

—

LAN | ShHR%S % |

|
T

gl

i TEREIF X HPS

B e —

o - [ [u] - [4] SERMHL
|voj |Hf ~ |H]
/O A, HENA

F9.4 SP2 /0 T R4 OIAL5
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989

F9E HLHERL

SP2 RGEHAF IR L JE AIX $R4E R GE . SP2 REGEH, 16 RS/6000 T4 ufi I 47 3£ %
T % 0 AT 43 A #R AR g T AT, A0 4E 1 000 & Rh A AT I N AR T B R L R G
(DB2) KA 55 4b 3 5 45 FL 77 (CICS/6000 ) | 7 48 45 B A4 L 8 B 4K . FORTRAN/
C++5 PRAR T, 0% A0 L REFL P I (ESSL) ARHER) ATX BAE R G %, SP2 R HER
Y — S AT OR AT RGBT T RREK A, SO0 A BB AT — S B R, (i A8
LI € X FEN

SP2 HHiE T A ERINHWARGERMGHUEHREN RS, EdEKRELEH G, R
GEE PR GUAT LA B — s 0 B R AT B S, AE SP2 8RR, B A
KAHLEE AR BT — > WA, 3 b W A0 A RE X B0 S8 R AT ARG N , 5 X 68 12 350 2 A 4
il A HN GUAT LA X 8 0t R S 2 #0000 A M AN AT G

9.1 f#RET 541
PLIE - RGEWE o o F L 1748 24 B WL
o P il HL AT Beowulf Z5 HL
9.2 HLEEFR Go A7 WP eegF 407
9.3 HLEEZR LY SSI 4L 1 gt il 45 2
9.4 HUEERZGoH i 17 s ol LU B B4 RS S R 7 B IAERCE LA o] A 6] 7
9.5 RIGHLEERGEMMEH H o LUK HLEER G050 6 3 287 B4 A - A% Ao
9.6 IR iR L I HLEEA L HLEE I X5
9.7 L] IBM SP2 HLHE M 4544 55 41 .
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10.1

FERE

— S HARBHN TR

—SBAGEM

— R T 3wy TR A&

— 3 4t A2

Z RGBSR BLES F 22 48 L 2% ( Chip Multiprocessor, CMP) | J: 45 78 8105 A 46
OB 2SR PR . LR N R A PRES AR T T B e Y
Wb BEES TR AT L A A7 A% . ALU UK BEF 154 Cache FI%HE Cache %5, BR T Z M2
Ab B Z A% 0 3 A 8 L S 0 N7 ) 2% (12) Cache $E 2 =% (L3) Cache, M
2005 FIFAG , AL FRAR HEA T 2 R, SR AKX W B T 2. AR
FENBEHW R 5B L) T 2w

DRARERIVFNK

AL IS HLIE A IR, A B4 R L P e — B & BE A E A, e D 1 R
MR R . X AP PERE LA R 32 SR U T A T — R I B AR Y R O Ab
P R R AR e . b M FR A Y B RO BRAE I AT BE A AS IR 1 i ik
EAE AL AL PR AR R GE R, oI S I BB A R 2 AT BEAR O 0 1 ARBR , AR M i 0 — 2B
HuBE 1 XN AT BRSO S AR

ZRPARMU AR I . 0, TR ARG MA Z A AT, W] LA i 64 T
JEATIE S DR ] DA 35 B T R G000 15 6E T, [] i R4S 9 R A JE 80T LA L DA RITAIG L (R
M ARG BARDIFRERI A K. Rk, 52 CPU AN, 2B E R 1 54 CPU
A ) () B A R 45 kg L P P A B T SRR 0 10 () B JE 504 T 4] B4 B A S .

ESE T2 AR XS0, Z AR TR P 32 0545 LA S o BRAE ,90% LA |
M AT AL AR AR AR 2 Z AL . 55 1, M 2006 4E LK, 7E Intel FI AMD 8 A Ab
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10.1.1

10.1.2

510 55 ZHRLG S Gk
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b, i T LA TR AL A R A R AR R S A% 38 v AR B L IR AT A O TIR A
W, o fZ it AL PEREE . MW MR Z MR G I T, AW ELANGH KT
OpenMP ) Z 4% % F2 21 555 .

OpenMP J& — & S f5 85 - G N A7 i 2R BRI R 0 b Ry wfe 8 01,
1 C.C++H1 FORTRAN if5 55 , 1] LAAE K 2 i Ak S8R I8 R A5 RUERAE R G D is 47 A48
Solaris, AIX, HP-UX,GNU/Linux,Mac OS X fl Microsoft Windows 4§, {4 — £ 4 1% 2%
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T — > R L OpenMP F )
int main(int arge, char = argv[ |)
i
#pragma omp parallel for
for (inti =03 i< 10; i++ )
{
printf("i = % d/n" , i);
|
return 0

L

AT BT IR T LT B E DA 45 52

i=0
i=35
i=1
i=6
=2
i =7
i=23
i=38
1 =4
i=9

af UL for EERTE ) M N A OFT AT o (BRI TT BT ER S5 e al RE 2 A7 X))
“#pragma omp parallel for” iffn) Ji A 7 5 i 161 () for 95 2538 41 48 Ry 3 A7 P47 9K for
U B L () PN 78 0 250006 A ] AR AT PR AT, BIVEE ARG B8 HLAS A, 5 — WA B AS AR T i 1
HDETRI

I g A TR s R R B I IR AT PRA T IR ORI R T

void test( )

inta = 0;
clock_t t1 = clock () ;
for (int i = 05 i < 100000000; i++)
i
a = i+l;

!
i

clock_t 12 = clock () ;
printf( " Time = % d/n" |, 12—11);
|

int main(int arge, char# argv| |)



clock_t tl = clock( ) ;
#pragma omp parallel for
for (intj=0;j<2;j++ )i

test( ) ;

clock_t 12 = clock( ) ;

printf( " Total time = % d/n" | 2—t1) ;

test( ) ;

return 0

1 test sRECH AT T LAZKRTGER , 8 2R AT — DI B B3 . £F main 8§
RO e e — D06 BLIMH test sRBC, HUIRER MK . /£ — & WAL XU CPU ] LTS
FIAUF s T a5 5 .

Time = 298
Time = 298
Total time = 298
Time = 298

] LA 2 AE for 5 F T PIIK test ok B0IE TR AE 2% 1 298 ms, {HJZ AT B % S g
lia] &0 AL 2 T 298 ms, Ji i AR A KA 711 test oR CAE 9 1 I () 4 298 ms, 1T DL fdk
JEATIF SR RO P v TR 1.
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10,1 fig B B9 AGE
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10.6  mith & J1] L2 Cache Z M REEG M1, JFBUR HAF £
7
8
9
1
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