20114 %=EH

* HERT—FTIF v &= (0)

4. (TS5 0E

AREREREIFARE HFHEIFER
Hi# = kise _at_ cs.titech.ac.jp
S321#%E AIEH 5, 68 13:20—14:50

* IMTSA M (pipelining)

Prograrm
apcution 200 4DD 60D BDD 100D 1200 1400 1600 1800
ofder Time T T T T T T T T T

{in instructions)

b $1, 100(§0)| "o

hw $2, 2004$0) 800 ps
tw $3, 300{$0)
Program
200 400 600
EROCHION T T T T
(in instuctions)

T $1, 1000$0) | 0

200ps 200ps 200 ps 200 ps 200 ps
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1
. _ #HAHEHEEEE (combinational circuit)&
IMMTSAVIZLBEER L JIE 7 [2 ¥ (sequential circuit)
. RATSAVRT—S O (EES): n L -
tate
. EATEHS0H: s E.ememﬁ
» NTSAUEENE=TOey S DoOvoE B E
¥5.
» EHENRT I EETOEEMNLGYAIILE
rn+s-1 State Combinational State
. SATSAVERBLENS LT LS AL OT Oy seent T (oweun )| Eepe
= N*s
Clock cycle m
Time
3 4
Adaeled from Camgu[sr Orzan/lamn and. De5/gn Patterson & Hennessz. © 2005 Adaeled from Camgu[sr Orzan/lamn and. De5/gn Patterson & Henr\essz, © 2005
* IMTSAUMBORAD - * TOvvYDF—RIRR (VT IL-H L)L)
« NEDOHE|
. HEINEB(GHEOET) ETELLIHERRT S5 ———_f
= BIAIE HELZI0BRDAT—SIZHE .  Suar
« MEOTHDN—RHTFERDREA )
. TRNTRDRT—SENBET BEHDN—F YT EE Ll
» BIZIE, 10BEDRT—UIZHBILEBAICIE, FAFADR
FUOMBEELTZ10EDN—RITT Iy EER
« DEOEST
.« FRERDN—RIITHHEIHRDRAT—SENES 3.
. FNTRDON—ROT TP HRIIEETESESIS, ANEH SN
ISLURAEREA.
5 6
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* TO0EvHDF—RINR (AT MIR)

Clock 1:

(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

* TO0EvHDF—RISNR (AT 0IE)

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

* TOvH DT —2INR (N TS5 0ER)

Clock 3:

$18=
(2) 0x24: sub $9 $20, $21
$20 = 100
$21=13
(3) Ox28: Iw $10, 24($22)
$22 = 9
AdaEled from Comﬂte/ oman/lat)an and Des/ﬂn Patterson & Henr\essz. © 2005

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

* Exercise

Clock 3 [2BIFTBEIATSAVAT—C D%
FETE.

K&, $HES,
FHEESY—IM(ERET)

Adapted from Computer Organization and Design. _Patterson & Hennessy, © 2005

* N\H—F (hazard)

WREEYEY AL TR TERVIIBKESFET
B, CNENY—FEFS.

» #1E/\Y—F (structural hazard)
s A—NSYTRTTEHGSOMAEDLEEN—FIITHY
R—RL TGS,
» BRTRBICKYELS.
s T—4&-/\Y—F(data hazard)
= TADORITELOFMICE>TELDNY—F
= HlfE/\H—K (control hazard)
= DEES, SrUTHBICEOTELENT—F
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* MIPSOEAREEDDATYT (RAT—)

[ ] IFX'T'—‘)
ARYDSMBEETIVFTS.
[ ] |DZ7_'_:)
MEETIA—RLEND, LORAFZAHAHT.
[ ] EXXT_V
HERIEOETELIETTFLRADERETS.
= MEMRF—
T—R3ARYFDFARSURIZTIERTS.
= WBRF—Y
HERELDARICEZAD.
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T—RNY—F

Time (in )
Valeaf CC1  CC2 ©E3 ©Cs CCs CCé CCT  CCa

ccs

register §2: 10 10 10 10 1020 20 20 -20 -20
Program
executian

and$12, 17,45

arder
(in instructians)

arg13, $8,

add 14, 17, EI_

|feg
1
=W $15, 100 =
e

oM s

|
]
]l
i
13

T—HN\F—F (Rb—)L)

Time (in
Valueof cec1 ccz2 cc3 CC+ ccs cce ccr cCa ccs
register $2: 10 10 10 10 10/-20 -20 —20 -20 -20
Pragram
execution
order
{in instructions)
R -
S [I-I-*‘IIIZ’H F B

s A e s
]

addus, 0, [

Sw $15, 100

Adapted from Comy IelOﬂ:!mzﬁ.’/ﬂn:!ndD!S)gﬂ Patterson & Hennessy, © 2005 Adapted from Comy IelOﬂ:!mzﬁ.’/ﬂn:!ndD!S)gﬂ Patterson & Hennessy, © 2005 1
T4V —T AT 2k BT —RNYF—F D [E THT—TAVT DI-HODEER
“-‘FFI ==+ == CC4 cCs {4 CC7 cca cce =f _» I ® r
Mnonar ¥ ¥ ¥ 2% P ¥ ¥ | - i
Valuw g1 MEMWE x i x X 20 x X x x = b Fo) I
e | L" g
e Ir ‘
s j—I-u]:t’ ol L__ |
e afalPlate
wbate e
asains, s 1. .
s15, 100 _'?;‘_ :"I‘ﬁl"’
15 16
AdaEled from Camﬂts/ogammtmnandms/ﬂn Pauersor\&Henr\essx.@?DOS AdaEled from Camﬂts/ogammtmnandms/ﬂn Pauerson&Hennessz,@?DOS
T—RANYF—FIZLEHELHAM—IL \Y—F (hazard)
T
(=] [= ) GGa [+ (1Y [+ ] [+ CCa CCw ﬁ%%i@ﬂ]U‘U‘{g}lj?%ﬁ—égul’\;5@:{*;‘Rb§ﬁﬁj—
pic il %. ThENYF—REES.
:I'::;Imc‘nm\
R = ¥/ \F—F (structural hazard)
s F—NSYTRFTTIHEOMAEOEEN—FIITHY
andte, 12,88 R—FLTLVEWNMGE.
» BEFRIZKYELS.
arda, 1 48 — N S
s T—%-/\H—K(data hazard)
20443 s T—ADZRITELOHMICE>TELENY—F
= HlfE/\H—K (control hazard)
e . PDEHS, S TRBICEOTELENY—F
17 18
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BASERDRISCD/INATS5A>

0w 7R
R 1 2 3 4 5 [ 7 ] 9
iy IF n EX MEM WH
IF n EX MEM WH
IF m EX MEM wH
¥ 1L EX MEM WE
IF n EX MEM WH

Ty SRR A TSALEh TOENEDELLEL TRATSHEITHS.

AEYR—FE1DLAE AN T Oy

- e o l_-a

. - T Ny |‘ 13 L] e ]
I 1 LE

e e |

a0

19 20
Adapted from Computer Organization and Design, Patterson & Hennessy, © 2005 Adapted from Computer Organization and Design, Patterson & Hennessy, © 2005
. . o — S
HWENT—RIZEZ/ M TSAV A=) TTFTIOUR
L WAGE"33 S
n BEATAR, BERTD1—L
FAFFYLIN . .
s I = Www.arch.cs.titech.ac.jp
IF [[e] X MEM Wi
IF mn EX MEM WH
IF D EX MEM WB
stal 1F 1 EX MEM WE
r n EX MEM WE
IF o EX MEM
¥ mn EX
21 22
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