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IMTSA 0 (pipelining)

Program
execution 200 400 600 800 1000 1200 1400 1600 1800
order Time T T T T T T T T T
(in instructions)

Instructic Dat:

w 52, 20080) 00ps e B 2. |0
(o [P e [T
Iw $3, 300($0) 300ps etutin)
800 ps
Program
execution 200 400 600 800 1000 1200 1400
order  Time T T T T T T h

(in instructions)

Instruction|

w $1,100($0)| “gich

—
Iw $2, 200(80) 200 ps ["feicn

W $3, 300($0) 200 ps |

200ps 200ps 200 ps 200 ps 200 ps

1 2
Adapted from Computer janization and Design, Patterson & Hennessy, © 2005
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TOEvY DT —RIRA (VT IL-HAL9)L) Oty DT —F/IRR (N T5(018)
Clock 1: -
Ry
;ﬁ:vﬂess register 1 ooy
1:0] e
e
e memory
(1) 0x20: add $8, $17, $18
Instruction [5:0) (2) 0x24: sub $9, $20, $21
(3) 0x28: Iw $10, 24($22)
4
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Adapted from Computer Organization and Design, Patterson & Hennessy, © 2005

TOvyHYDT—R/ISR (LTS5 0I8)

Clock 2:

(1) 0x20: add $8, $17, $18
(2) 0x24: sub $9, $20, $21
(3) 0x28: Iw $10, 24($22)

Adapted from Computer Organization and Design, Patterson & Hennessy, © 2005

i TOEvYDT—RINR LTS/ I0ER)

Clock 3: ‘

[

(1) 0x20: add $8, $17, $18
$17 =

$18=8
(2) 0x24: sub $9, $20, $21
$20 = 100

$21=13

(3) 0x28: Iw $10, 24($22)
$22=128

Adapted from Computer Organization and Design, Patterson & Hennessy, © 2005




N\H—F (hazard)

WREEEY AL TR TERVIOITKELSFET
%, ThENY—REFS.

» &/ \H—N (structural hazard)
» A—NSYTETTEIHRDMAEDLEEN—R YT HY
R—LTLVEMGE.
« BRARBICKVELS.
= F—%'/\¥—F(data hazard)
» TADRITELOFMICE>TELENY—F
= FIfE/\H—K(control hazard)
» DERT, SrUTRBICEOTELENY—F

MIPSOE RS DDATVT (RT—)

» IFRT7—Y
ARYDSMBEETIVFTS.

s IDRF—Y
BREETI—RLEAD, LU REES
BRREORTELEITRLRADEMETS.

= MEMR7—Y
F—RAEYRDARSURIZTIERTS.

= WBRF7—Y
ERELORAIZEZAD.
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Aﬂagleﬂ from Comﬁter mamzabm ﬁndDeslin Patterson&Hennessz © 2005 Aﬂagleﬂ from Comﬁter mamzabm ﬁndDeslin Pat[erson&Hennessz © 2005
Time {in ) Time (in
\alieof ~CC1 CC2z €C3 €C4+ GC5 CCé CCT CC8  CCS Valueof CC1 €C2 €G3 GC4+ CC5 ©C6 CC? CC8 CC3
register §2; 10 10 10 10 10/-20 20 —20 —20 20 register $2; 10 10 10 10 10/-20 20 20 —20 -20
Program Program
axecution execution
arder arder
(in instructions) n {in instructions)
w180 @-H%EEH:D e . @-H@:H:D ] m
u _ ]
n
and$12, 7, %5 ; m{FD* I{DFT —Egi and 12, 17, §5 @ @ e ]JTEM )
; -' i X E
ar13, $6, m ar$13, ga, e d
|
add$1+, 17, |E_ | e o] - add 14, 1.7, T | | @[ﬂ ]
|3 DA L H
d d Rea |3 D lReq)
sw$1s, 100 L - sw $15, 100 IE-HJ:- ’ ﬂ @Il -
(WH-Res {0 H Bl Fest LS
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Adapted from Computer. nization and Design, Patterson & Hennessy, © 2005 Maaed from L’vmﬂ{er%m]i{)anandDesﬁn Paﬂerson&Hennessx © 2005
e . o e
THT—TA2TIZ&BT—ANT—FDE# T T—TAV T D-ODEE S
Time (in e e e
cc1 ccz cc3 CC4+ cCs cCa cCT cca cca
Value of register $2 1 1 1 10 10/-20 -2 —20 20 -20
Value of EX/MEM: X X X —20 X X X
Valus of MEM/WE: X X X X —20 X X X X .
oy | mal']
Program H
pran,
arder
(in instructions)
Etlf«;:t, e -
and$12, 12,45 e @M |
EI-I-‘:‘, l_ﬂ s
ar$13, $6, Reg n Eg
= Ppla]s
s EI-I-‘“ ) 5
e < {:’ ﬂhl—k
g - )
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Adapted from Computer. nization and Design, Patterson & Hennessy, © 2005 Adapted from Computer. nization and Design, Patterson & Hennessy, © 2005




T—RANYF—FIZEDELDHRM—IL

Time (in
[+=3] ccz cca CcC+ CcCs cCe ccv cca ccs

Pragram

e

arder

(in instructions)

- -|-)| ﬂ i

|
and i, 17, $5

KM
SR 4
— w [Dlede
S

N\HY—F (hazard)

WREEEY AL TR TERVIOIGKELSFET
%, TNENY—REFES.

» {#:&/\F—F (structural hazard)
» A—NSYTETTEIHRDMAEDLEEN—RITHY
R—LTLVELMEE.
« BRARBICKVELS.
= T—%-/\f—R(data hazard)
» TADRITELOFMICE>TELENY—F
= HIfE/\H—K(control hazard)
« DEHT, SrUTRRBITESTELDNT—F
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Adapted from Computer Organization and Design, Patterson & Hennessy, © 2005 Aﬂagleﬂ from Comﬁter ﬂﬁm{a{mﬁ ﬁndDeslin Pat[erson&Hennessz © 2005
B 5BRDORISCO/ A1 TF1Y AEYR—bE1 DL F BN TaEyY
R (795791 71)
- o e [ e |
BEH 1 2 3 4 5 6 7 8 9 ’
i IF D EX MEM  WB a1 @7 f—Eﬂg;
il IF D EX MEM  WB
Gt IF D EX MEM  WB ) -
fafried IF D EX MEM  WB 252 : o ’ oo |
ffriea IF D EX MEM  WB a ‘{
B
TOy YRR A TIAUAEINTORENE DS LB TRA TS5, o f m:v .
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Adapted from Computer Organization and Design,_Patterson & Hennessy, © 2005 Adapted from Computer Organization and Design, Patterson & Hennessy, © 2005
WENY—FRIZ&B/IATSAUAR—)L NH—F (hazard)
WREBENEY AV TEITTERVRSITKIAAFET
B, ChENPF—REES
7YYL
1z 3 1 s 8 7 8 8 B s #&i&/\HY—F (structural hazard)
IF D EX MEM  WB
IF D EX MEM  WB » A—NSYTRTTEIHSDMAEDEEN—F YT HY
IF D EX MEM ~ WB R—FLTLVEWNMGE.
sll IF D EX MEM  WB . BEFREIZEYELD
IF D EX MEM  WB N ’ RN '
I D X MEM = T—%-/\tf—K(data hazard)
roro= » TADRITELOHMICE>TELENY—F
= %/ \¥"—F (control hazard)
o« PRGN, DrUTRBICLOTELENT—F
17 18
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i MIPSOE RS DDATVT (RT—)

s IFR7—C
AERUDSHEETIVF T S.

s IDRTF—T
MEETIA—RLEAD, LURAEZHET.
DEHFTHLAEENEEEEL, FAHShELORE
DORIT—BLEZTS LETHOLIE. DA TEvr
TA—ILREFHEHRL, 109 AV NSNT=-PCIZHEH
REN=F TV ERLEDETHIREDTRLRAEET
HI5 FEHEIPRILGEEICEDBETRLAEPCIC
YL T, SORT—UTHIEHGRIETT I 5.

* TatyHDT—2/RR (LTS5 LIH)

EXMEM MEMWE

4
Lafm
ADD| | u
- >
L
Ldpc,

IR,
. . |
oAy R p—
74| "
7 ™
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AﬂaEleﬂ from Comﬁterﬁ:rgﬁmzabm ﬁndDeslin Patterson&Hennessz © 2005 Adapted from Computer Organization and Design, Patterson & Hennessy, © 2005
ES — 4w < 4 > > = I E2 — 3 p? s
IR ATEDHE N T —F DL CEE) AFRYICER A TEDHITE/ N —F D *f AL
= B = B
« DFFEAHETIETHEBTORBEHBRELDD. « DFFEAHETIETHEBFTORBEHBRELDD.
= DRT—UTHERENTET §HILITER. = DRT—UTHERENTET §HILITER.
» DIFHTOHBBITNHAIILDRN—ILHRET S,
sy IF D EX MEM WB sy IF D, EX MEM WB
SyMETEd T SyMETEd T * IF D EX MEM  WB
SR + 1 SR + 1 1F D EX MEM
SrEEEi A +2 SrEEEi A +2 IF s} EX
21 22
Adapted from Computer Organization and Design,_Patterson & Hennessy, © 2005 Adapted from Computer anization and Design, Patterson & Hennessy, © 2005
#i#& 2 predicted-not-takenF = (Exercise) ##&2 : predicted-not-taken5 =
= TRTOSEEHRE not taken (FRIL) L TAREE = TRTOSEEHRE not taken (FRRIL) &L TAREE
EHD. EDHSB.
» DEFERATRITHNIE, RFILTAIFELKLN.
Untaken 93#: 6% IF D EX MEM  WB . DEHEEAKITHAE, 1H17LDRFILT1
@il
ffri+e2 Untaken 7157 IF D EX MEM ~ WB
S ] il I ) EX MEM ~ WB
Moricd ffri+2 IF D EX MEM  WB
@fie3 IF D EX MEM WB
@iva IF D EX MEM WB
Taken P05 IF D EX MEM  WB
f‘ﬁ}: ? ! Taken ZPZ 7 1F D EX MEM WB
s i IF idle idle idle idle
R + 1 Rl IF D EX MEM ~ WB
SHieie +2 S 1 i D EX MEM ~ WB
SHEESE +2 IF D EX MEM WB
23 24
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Adapted from Computer Organization and Design, Patterson & Hennessy, © 2005




EyB& 3 : predicted-takenF =

» TRTDHIEGHE taken (KIL) ELTREZEEDS.

s DRT—UMETLT, DIEEHIETHETCITHIBRRK
T ELTUIBE R

8 SEZTVWBNAATSAUERTIE, COARDFAEIE
(A%

R4 JBIES I (delayed branch)

= DEWTOERFEOEONDBMHERITLIERIC,
PIXT B
1H AL OBEEHF O SETIBITRDEY.

DB ERT

NIEEFDRTRLRADERFERT

DIERILTIE, MRUETRFLRADGHEEERT(FRILTIE, Dk
BEDRDRDTRLADEGSEREIT)
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Aﬂagleﬂ from Comﬁter ﬂamzarmn and. Des/in Patterson & Hennessz © 2005 Aﬂagleﬂ from Comﬁter ﬂamzarmn and. Des/in Patterson & Hennessz © 2005
e o e o
&4 . BIE5 1% (delayed branch) EiR&4 . SBIE 5% (delayed branch)
2N D () 74 4 PN a— I\
_ f DHD -RIZ, ol
. PEHBDEEOE P OBBERFLLRIC, S " ABBEORGORLOMBERALIEI,
52 T5. DEMFICKDRAN—ILIFELCAL.
« MHORISCTAEY Y THASNT-.
Untaken /#2177 IF D EX MEM  WB
GRS Untaken 53514 IF D EX MEM WB
’][t’“gu‘ Blt+1) SIMOEEM (i +1) 1P D EX MEM  WB
2 sz I D EX MEM  WB
drdn 43 @i +3 ¥ D EX MEM  WB
iris e i+ IF D EX MEM WB
Taken T IF D X MEM W8 Taken 2GR IF D EX MEM  WB
INGREEM S (i+1) SIRGEEEM Y (14 1) 1F D EX MEM ~ WB
I ke IF D EX MEM ~ WB
: : I+ 1 IF D EX MEM  WB
/):‘ ‘t i S+ 2 IF D EX MEM WB
S+ 2
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Adapted from Computer Organization and Design, Pattetson & Hennessy, © 2005 Adapted from Computer Organization and Design, Patterson & Hennessy, © 2005
N o N .
BEMFAOVED RS2~y THoVA
) ) SRS © Z+—NAL—H5
DADD R1,R2,R3 DADD R1, R2, RZ
-— E ViGN S
it R2 = 0 then PSUBRA. RS, RS iR =0then u Bg%x7’fl“, ngﬁx#\/l L
= propRLRE _mazas = www.arch.cs.titech.ac.jp
if R1 =0then . R8,
DSUB R4, RS, A6 ~—!
B B B
DSUB R4, RS, RE DADD R1, R2, RZ
it R2 = 0 then iR =0then
oo s
if A1 = 0then
DSUB R4, A5, AE <~—1
Nop# &
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Adapted from Computer Organization and Design,_Patterson & Hennessy, © 2005




