EIT WMKELEN

AENBTAK RS G, DR B R4

3.1 Bkt

1. T4RFKE

8 —FBASHPATI RS BILAF B, B0, 5 BUBREE PR BBV B B AT AR B
HERXSANTFARE,XHE, R S ANFRERMATRS, AR A~FIR, B A
F#HSH R ALB.C.DHE, A 3. 1(@fin. X, T—&EAS URBEAELESER L —
ZBLSH S AN TFEBRERAEEREEA #HITAE, HEF—£B4ME -1 TFIE@EB
ARG LA, A BRG#HTE A TIE GRS BE MR, B - &HS BT
BEA A BHAEES —NFIR. ik, mE 3. 1) Fin, B A B AER #A—%
4. EETFTRUEBHERRKEZE ENSE TR, BA, BAESHEEM TS, B,
AAMHES R TAE I R Ak 2k .

B
E T T TI2[3]4]5]
Dl Ti[2]3]4]5]
cl __T1]2]3]4]5
2] 0] AnPnEEs
B 0 BUREE BT PSR 4 Al B ()
(a) WK EEEH (b FKERATIT 2

B 3.1 FAKEk IS H Mt =

TKREWH P RS FRGUERREDREE, RE. B 3. 1(b) BT RAKRNITIES
ARPERSEAMXR, B E.

2. WAL

(D IR L D43 AP

O B IBER K L& (unifunction pipeline) B2 HAESCH —MIIRERI R AK LR, 5l in R 8k
S8 BT A0 B VR NP R AN N RE SR RV R TR TR TR K R .

AR R KRNI EN, HEREEREZRKATIEIM KRS B R, @ Cray-1
PLEAE 12 ZPTEEMAK L REMRMW-1 YLAF 18 FAIIEEM KL sPentium ALHHLA — &K
5 Bt RIBEE R KL —4& 8 B A BRKE.

@ £ IRERK L (multifunction pipeline) B REiT & F R [ Dy BB B 09 R [F) % 41
AL EMINBEAITKLE, K E Texas AT A=K TI ASC HLE 4 £RAKK, BLHE
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B 8 M IURER S R, T AR R B G E &, SRS M I, WA 3.2 Fim,

e
!

AT
2
@;@

(a) STHREMU/KEREEM  (b) U .Sm () fHE 5k
F 3.2 TIASCHLLIhHRER KLEEHW AR

(2) BB N Lt , 753 R PR .

O LKL (inear pipeline) ERIEEATIBEEHR A —WHIHE L R RAKL .

@ FEL MR K LK (non linear pipeline) B R 48 JE LML S AT [ 157 21 50 iy 158 1B 8 9 9
K, I 3.3 B A

R ARK S LM RA LY EAMT .

. SERHEFA R A T B B AT s 3, Ww*ﬁtﬁ

WEFHAE. i ok
o WAT—4&IBLS T, F IR B EHIAT B 3.3 JEBMTAKBEEH
—K.

o RREKMRAKLBRERESN, EFTARYR BRI RERKEKERAER
B 5 B » T AR ZR PR FAK 4R AT % B 2 3R AR

o ERMF KK A —E R REER,

(3) FEZTIREHLK L& » T AE [ — B A AR 15 B ST 25 b D BB SR 20 LT 3 A Wt

O ##EFLK LK (static pipeline) B RAGTE R —HH A, 2 T HE Hilk L8 & D BER L R
Btk — M E T B, ZR M EE R RKER . HEGE, — 2 R aE —MaSs
T, TT ASC HLZEBUR &0, B 3. 2(b) H &5 1 AUMB A AT, BB AR
AHAMMES . MARERBEAS. RABRBFHMERE.

@ zhZ R KLk (dynamic pipeline) B R4 R — i} H A, 2 D88 Fi K £k K9 45 Dy REAL S A]
RELHBEEFTE EEREM X, AN BRI S HIERNR KL, RELR, £EE
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BT DA A B #E [R) — B R P, S g BB B TE 7 S BRI A A 38 (AN IR D B, T 59 — L T AR AR
BRAELAA —-MEHE@ELATD , A BSCEMRERA AR BESRKERER. B
HERMRERIEZ.

AT, RABRSRAKRHLHENEE.

3. MAKEEA

(D WM H 3 NRA.

D AFEHERMAKLE  EHIIES KL (instruction pipeline), X4k B i Fik & £
E—FBEHPTIR, T HEANFIR, BN TFABE MR E PR, Wi
BB ERST, —~FRESHWPTIBRT SR s A FEE A 3. 4 i,

B | Y || | RE| VBT | E | s
AT et [ IR T e T e T e [
BES HE BUREE T SEER

B 3.4 SEfTHHaS Rk

@ REMHRIAL BERMIBRE R KL (arithmetic pipeline) , i1 il ¥kL i K & F 5fe i&
KL%

Q@ ZAMMPLF AL BHMERKL (macro pipeline) . X F KL B h 24 4b 328
IS AR R AT RER I TK LR, A 3.5 Fim .

eBEGs TPkt
3.5 ZaBBEFRKESEE

TEZRAK LT, &40 AR X [R] — B0 0 B R B 3% o EAT AL 3R . BT — A A% B9 Ak B
HRAEAHE WS RGBS 8 ABUE

(2) TR, R AU LA,

O M7 &E WKL (superscalar pipeline) X2 — 080 F M A F R AT R T2 K4S
BRI K. T LAUE, @ bn B K 2R AR B2 ) LR IRAT i

@ MW IKEL (super pipeline) X Z$8—ABF 80 & I 7T [ B AT 2 KBS HTK LK.
B K 2R F B4 2 B TR] L A 3R AT

@ #B iR M K2k (superpipeline superscalar pipeline) X 20 [E 523 /6] L3347
BRI IK R

L3R 3 MK S — AR RS RAK KNS EmE 3.6 .

He, H 3. 6() R P RPFFAKLZIAT 3 H£_A L L A THOWER, BRESH 44
T g IF B IDAAT EX M5 B WROER7E— o sh B 5E B B8 B Wik
KM ERESE NS R B FYMAT - RES DENELSEIITENPEMER 1,
3. 6(FERE—ISEBHAERM RS 3 ZELSHERERKE., FHELAXEHIT
BB WK R B RS AT AL BIX 4 NMEREERNIE R 3B, B 3.6 (o) RA—AEH4p
JR B VT R B BRAT 3 RAR S RIKE . B 3. 6(DRFEREBMAKL.
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54 B

N I

I )

1, I

I

I 1?
O1 23 4 5 6 7 mahiEL 01 2345 It e B

(@) BT (b) PR AL

154 *E,%

i

]7

L s

I i

A 8

I

I I
012 3 45 el B 4 01 234 I T A

(c) B AKER (d) HEiR R TKE

B 3.6 #EIFATE AT 4 P K B A

3.2 WK&GH

X BAFE R IR K LA NATIE A BB RN LK R B S
1. BERKEEN
DI MM FAK R AP A BEER KRG .
(D BamikE HEWERWE 3.7 fin.
SHER BT 5 s,
o WISy 3B 5EAL BRI BY R B A AHAE X 3
o WAKLH 4N IEBRBEI ER 3 B, 4 MBS ERNZ . BEAB REMAM
Ak
S R, SRR R R AR DI RE BL R B B BF AT — TR BR B AR IR .
WAKRPE LA EHTEBREE . XJLAR R, HBAA R I R,
FARALAN TIERHEERE R, MRNABREE, BB (RO AL, B H 4
HIAE Ry .

(2) FEMAKLR REBEHHBRLEIREBONEZEH , F I 564 55 IR L WK L 5 B
i R MR AR

O 1 fe% A% (carry-propagation adder, CPA)  HITRERIH A n ff = i il 5k
AEIN, A B AR, B B A — L ) AL R HE AL, B X AT A kAR . A S E M
B 3.8,

B, A\BESMEBHENFA n LR B B, n=4,A=1011, B=0111, A, &
AR BERE BRI .
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A=1011

4+ B=0111
S=10010=A-+B
A
Cout
B g
fm
%
1t
R]o Rll E}Z
ik es i
[ |
R o ][] |,
X=y X<y xX=y i
EN N
X=Y X<Y i
X-Y Y-X b %
| |

[x ] L] [s]

e M wE RE

LA g RE
A% B

3.7 FRMEKENEZREHE

C

out S
(RS LAY HERL ) , (AR
#}’l n
A B X Y V4
() BEOZZ RIS (b) HA IR G INERR

M 3.8 WL SASE

@ HENARBE I kA% (carry-save adder, CSA) HIJREEN 3 P n B HITREREBE;
) B s X 3 MBI & B AR B B AR AR T — SOk a8 R, B e Py m k38 .
HEHASEmE 3.8 fim.
B, XY\ Z % 34 n it 3850, B4, n=6, X=001011,Y=010101, Z=111101, 4§
¢« 32



A ZIMBERNEBERE BRI T -

X=001011
Y=010101

d Zz=111101
S'=100011

+ C=111010
S=1011101=S8"4+C=XHYDZ

@ FemkPiAKkL A CSA R CPA BT LIA RFekmiKLE, mAE 3.9 Fim.

P=AXB
16
S5 CPA
Sy WFRE 4=11100011
e B=10101011
11100011
S csa |[ csa | X 10101011
150 15 i3 b3 ho fio 11100011 (a,8 )
Sp| csa || csa | | csa ] 111000110 (a;,91%.)
¢ ? $ $ ¢ ¢ ¢ ¢ 0000000000 (a,,10 {7 )
15 y14 13413412411 11049 ¢8 11100011000 (a5, 1147 )
S|4 e ds ey Gy 000000000000 (a,, 1217, )
o AL RGE R 1110001100000 (a5,1317.)
$ 3 $8 00000000000000 (24,1417 )
y B + 111000110000000 (a;,15 {7 )
1001011110100001 (P=A4 X B)
(a) KLY (b) B4 FAHE AL
3.9 FEFKENZEEHE
%I 6 4301
¢ FIKRTEAFA 8 (= RHTES pe——”
BHY

o TNREEE S, A 8 AR AP BIR 8 fHY a0, i
B a:.10 A7 B9 a; 11 7 B9 as 12 7 B9 a0 13 R FY

as 14 G A9 as 115 269 a ,
. TREE S, F 34 CSA IE 8 MRABIA N 6 MR, \
. TIREE: S, AT CSA D 6 MRAIEN 4 AW, | EHFELL ol
. THEEE S, FI—1 CSA 1 3 A NN,
. BHEEB S, Fl—A CPA =t —A 16 RO
2. BATES TS
Wik GAb BLHL AR (0I5 B 80 AW K R 7 R TAERG
T ELE H9E 4 B R DAk & T R TR, i, — 4
LB APATRALREHLAMA 3. 10 Fian, B 3. 10 MA4PAHRKETEE
. 33 .




3.3 etk LRyt ae b

RATKEMEREN EESH0E B3 NE LA, XEANFX 3 MSH

1. &Nt & (throughput rata, TP) 5H{ERH

(D BX FAKK A Bk 2248 F a7 B (A Ir db LAY 48 4 R 80

@) AR HARKEHZSEBESHEEFTHEENITEAR. F IEERKERIAT 7

RS R B 3. 11 fim.

— N W
[
=

nAt (h=DAr  |WITA

B 3.11 kBFRKE R ZH

B8 B DI BE BRI SRAT B 1 45 Az, B ZS U AROER B, 04T n £ W B T, 5
T,=n+k—DAt

_BAERE
FE,FuXK TP = B

_ n
T (ntr—DAz @.D

(3) FUERPHERME 4 n>>k B, AR F R HRE TP, B

JE— . n
TP =lim o DA

=1im; =
"%" (1+E>At

n

Alt (3.2)
X F TP s BIZA T FIAR,

O TPuw EBREREARTH. FEFEFRWMT:

o FKLRAAEE LS LR} A HEZs B ]

o B FFFEE , BKR AT T SRR E AT .

—MiAk TP HREA S TP.H 1/3 BB RE T .

@ MRG.2HFUEE, At EB/D, TP WER B A IEARTRE Ar B/ RIFR?

BEREBER,X—L WM A 5k HXRRR

e LT .5
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A F.

MR LAF H, Ac BE AR /D, & EHEE R, BN MR BB A H . MZAERKL L,
AT AR B R T ER LA BLA — B A s T R BB 3% i, Ok B B AR AR B R I, X
B, GRS 1 BB B R BL, BUE R AR R IATEE TR, WA —FEF, S
N, 38 B K SORA B . Ik, B RKERE, 0 BAEE £, ER R AN
BSR4 B B

® TP HERRE —BRELT . MALKFEIEERNUTHAERASELMEN. &
A ERT » KRBTk 5 4% TR H

TP = n (3.4)

k

DAL+ (n—1) max(Az)
i=1

i=1~%k

R A Aty o Aty YA F—THREBE S & THREBOMATET I, D) A BAK R
5 1 KA BT I, (o D max () RSERIA n—1 Sttt 4 BB
R ik 2% AT 3
1

i=1~k

(L) BRI LA B BIES AN o, B MBUES RN WY 4, kL
iR KA ik %y
1

TP/max: t/k—+d (3. 6)
IR TR IRE B BRAS N a,b BN BUAF AR LA TR 4 WK R B R AR
c=a+bk 3.7
XRE, R4 A. G. Larson B K &AM BRI LI E L, BH
TPh _ 1 1

PCR = (3.8

T W/ktd ator
MR R F, BB —NKT 0 PWRE, ZEREREEEMEL . X L ERERE
BB ko » HoAH N

ha

ko =\ 25
BT, — BB K R E B S AE 2~10 2 0, A @I 15 BB KL . Bt
8 Bt DA F MR KR FR A F K LR, T HE B A 53X R i /K 48 19 Ak B ML AR A a8 Tk 28 b 32
Hl. Pentium 4 SEEXHMAIES, EAA 20 BEWHAKL,
G) #EEEFHEHFTE FEFEOT,
O FRHBRERG mMPREZABAILE.
@ thBEFK LG , BT (bottle neck) FAKLKFHATHH R KK IIEB M E Y
M K R A R R AR B T A LT B,
o SHEMTTIREE BMELHESTIRESEANILTIEE, mE 3. 12 fin. B
BT RBARFAKEOIRBE, KPR FERRFIRENF S, KT F A RATEAL,
FERKLER 2 BT, A 3. 12 fin. B 3. 12() BamFamHl 3 45
¢ 35
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TR DIRE B, R4 TR

- EEMSYIRE WHE 3. 120 iR,
KRR Tk R, £ 1 SURER (a) 4 BLifikeR

B TR BOIE A B SR, S I 3 7
AMES S BATA 2-1.22 f1 2-33%x 3 Mo M N Ay Ay Ay
ASIREE: TifE 3 BB MR A (&) SRR REE:

_ _ A EE iR
B0 B 58, HOT B R AR 21,272 %ﬁj}@a’ggj r Falic e
R 2-3 3 3 T BRI AE T 1] 0 AL TG | |
R EES 3 BIIMRE. (1] H
2. hniE Lk (speedup) ) ‘

T 13(;; 7? é;: #Lfﬂz%ﬁ?%ﬂfiﬁggm;'m (c) HENEAHRER

o SR WATH R T, s BRAE B K B 3,12 ik B vk

L B T L L S

S= = (3.10)
(2) AKX FE& Ty HE Beh AT Bk I B4 ik, i i A KR
_ nk At
5T GFn—Da @10

Rk HRAKRO TR n RIBS KRB A A EBIIRBHPATHE . F&, kA BRI
A3, nkAr HIFF AT n £35S BB T Getn—1) Az 2 & BERUKERIAT n K184
P B ] .

XA, ME L S & RME R

g kn
i
: k
=lim ——— =% (3.12)
AT P
n n
AT, X n>>>k, H K 2045 D RE BERAT B A Az 48 <5 Bk, 3 7K 2% B4 55 AN I B O K

LA TR BB .
(3) EfRfE b L, n>>k AT EEPATH B Az HEXFART#HR, E—BELT,
YELLA R . XA, b e B E N

S=— izl (3.13)
E At +(n—1) . ,-rillaﬁ(m‘)

A, Ar, R85 1 TR BRI ], max (Ae,) A% 30 R BE BT TR

3. I E (efficiency)

(D B FARBRFAKZOEENHR, ANSHEEL., B2 {ELSHLHANEME
e AR SN SEZ WARKRNKE, B ERER,

(2> A b L, K384 P 5 W0 E R IUT AT » 384 B 68 A B9 5 A Al
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T, M—5 k BWKRTZER 7 FKAELSWBRZER L « T.(T, HWAKLRTR » %164 AR
RETED  FH I, — & B BERKR RN

Sy e
k BERKERSE R n SIS KB Es
T,
- (3.14)
(3 BARE ERKRSBERPATEIE At WSHE, B n £S5 ELZMITHERT -
_ nk At . n
E= O Fn—Dr  FFa—1 (3.15
EWBRXMERN
. 1
E. —lm-—JU>%  —1 (3.16)
ek, 1
n n

MR L, 2 n>>k, HA& BE Ar G, BKRBIBERBE TRAME 1. XM HAKE
& BREATIRES . AZEEE, & —BREBEARH.

(4) SEFRE — MR UL, WK &R A& BL R IAT I R S M S5 BRI M . H&TaE R
AT B R R A S, E B SEBR1E

E=— = (3.17)
k(2386 + (=1 « max(Az))
(5) E5 TPM SHXR HULFEEMARTUER, BEMFWTXR,
@ E=TP « Az (3.18)

_S
) E=+

4. Hok RNk BE S HT 461

[613.1] 7ZE—RPIIEE.RM 4 BIFEAMAAKE L, EHEZR 4 TS8O, B A
ESAERIPUF RMFERT i+ E TP.SHE.

R BREZTAKLE 4 BRATI AR, B A, WRF Rn 4+ S < 8C(AB.CHI
D) gtz Ean & 3. 13 fiw .

(3.19

Z3[A]
gL 1 2 3
KM 1 2 3
BEY 1 2 3
KEZE |1 2 3
1 2 3 4 5 6 7 8 9 101112 13 i}
(AEH)

B 3.13 4 BFRMAAKRLERR 4T BOEm K e 2= E

B3 139, B1IAMEFELRA+BEHE2MEFLRA+TB +C, 8 3 MEF LA
((A+B+O+D,

Bp
. 37 .



