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:(M7P145) 1 7p0n Joxw

.Pipelined MIPS nmupwroaxa oon>pi Hazards -2 919002 piov: i 7o8wa

:X277 "920087 MTIPD A% 1IN

add $5 $1 $3

sub $2 $1 $3 ,Pipelined MIPS n7wpu oR2 72971 HY %7 1°1oN3
and $8 $2 $5 INWRAT A7Pon YW Instruction Fetch -7 25w qwxo
or $8 $5 $2 .1 7900 Nww rnna yanns (add)
w $2 8(%8) naxinna forwarding N7 np»p 7avn? 0D WIn
and 31 $2 $2 hazard detection n7°m° n»»p 91,1 2901 2°wn2
W 4 0(%1) APROXOT) TR 7pn2 bubble ©0137% nvTen
sub $1 $2 $3

(Mm>op vhnR2 RO R, 1 9907 2°WIN2 NAXINA

SW $1 0(%$4)

T2 7X°N XOW nan 9y Pipelined MIPS -1 72yn2 oohwi 0°2°377 DX A1 w0 780

12v°77 177200 25" A2 MY o 1AW 93 or -1 add mTpon ¥I¥aa
nXY ,(negative-edge triggered) 1Wwn N2 onTw 0 Register File -7 nX i w»
.(positive-edge triggered) MWW N°9Y2 MATW T2 7ATN W D21ANNAT 2227077 RW 7
WO YW NN YW PWRIT ¥ vann add -7 n7pe Sw WB -7 0o a7 19IRa
>107Y7 WA DW AR, (PYwn n7>va yxann Register File -7 710 59X nnvanw own)
WK LID -7 2%Ww2) Swhnna NYwn e Sw Taws ndXnna or -1 n7po 'Y yyann
NN — WO YW NI 910 2w Nywn n»5va yeann pipeline-register -1 HR 72370
positive-edge ) WV N*HY2 1MATW 72 D°1ANNA 1T 2°2°77 92 OXR .(CWIWI DWW NN
70 R 2w ,$5 YW 10mvnan 7Y DR DRI AN XY OF AMpeaw 0 L(triggered

JWWA NYOY Oy WInnT AR AT 5192 P 19TYNN
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# Clock
cycle | 1 2 3 4 5 6 7 8 9 |10 | 11 | 12 | 13 | 14 | 15

Instr.
add $5$1$3 | IF | ID [EX | M | WB
sub $2 $1 $3 IF | ID |EX | M |wB
and $8 $2 $5 IF | ID |EX | M |wWB
or $8$58$2 IF | ID |EX | M | WB
Iw  $2 8($8) IF | ID|EX| M | WB
and $1 $2 $2 IF | ID| - |EX| M |WB
sw $40($1) IF | - 1 ID|EX| M |WB
sub $1 $2 $3 =~ |IF|ID|EX| M |WB
sw $1 0(%4) IF | ID|EX| M | WB

X277 72202 .00 nX TPnana Forwarding Unit -1 nws nX mnib 0o°hy a1 9202

:R27T PYON OV mIvn TNEY 1 950n 2°wana Yn

YT N DR 022N 77P27 NP W 2220 DR NYW IR 20 May ownh 0200y

I7%ava nxy e Don't-cares oiwe ox (Execution -7 25wa

A

Clock Cycle ForwardA ForwardB ALUsrc RegDst
3 0 0 0 1
4 0 0 0 1
5 2 1 0 1
6 0 1 0 1
7 2 X 1 0
8 X X X X
9 1 1 0 1
10 2 0 1 X
11 0 0 0 1
12 1 2 1 X
13
14
15




?forwarding -2 720 PR %M 72V HY 7177 5117 101007 A7 70 W R and LT
2710157 nhaonn May forwarding -7 N2 wnwn aRXIND Awnw speedup - nn
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—T_'meo'd _ 23164 s 7Pna
Time,

Speedup = ¥

new
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WATY L1991 .27 R, IWW IR WIDWa 2087 ORI DMI0 mTponn nnR 9
Jforwarding n7om 920n 1KY A 727 9Y D100 NXNT WD Nww rmn 28
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SN 37P92 w72 Multi-Cycle MIPS -7 712 DR niaw? %91 7 79K8wa

217 Gregister file -2 qvo°30 70 9% immediate 77y nayw Load Immediate nmpon
li $sO, imm # $s0 € imm

75 2 7907% DWON2 WRINDT NNIT 2192012 DWW IR TIMIN NO0IT YRAY 020y N
7°2077% w° LALU -7 DR nuaw? PR PP e 3 0 aTIp0a 13022 Jiann 5minaw
2077 923 DY WY 2w 90 DR UDNY 919 19X NNann2
.N12°0 "N Sy nyo 1o MemtoReg 712 MR 00 2% MW .2 190k 2N IR
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$rt = $rs + imm = $zero + Imm = Imm
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20% Load

12% Store

18% Branch

2% Jump

33% R-Type

15% Li

, Executiontime = IC - CPl 4 -CCT 101177 °"y 1101 1%°277 717
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5 20% Load
4 12% Store
3 18% Branch
3 2% Jump
4 33% R-Type
3 15% Li

3 9ap1 197
CPl, =5-20%+4-12%+3-18%+3-2%+4-33%+3-15% = 3.85

9N
1% =115.5[mSec]

0x10

Execution time = 1C -CPI  -CCT =3x10°-3.85-

93 92p1 1971 ,Li pTpo »x0ah Nww i 4 0owIT71 T aOY0n M0R0IIRT May
CPl, =5-20%+4-12%+3-18%+3-2%+4-33%+4-15% =4

1#6 =120[mSec] :197

00x1

Execution time = IC -CPI , -CCT =3x10°- 4.
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112°T W NHON M 720D NN 0TINT MY .(speedup=1.65) ¥Xmna TwoAT a2
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WX L1 -5 mwean %0 %y 995 Avown PR N12°11 nownb L2 Hw 3077077 noon
L1 -5 mwoan ot oy
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2AMAT -2 "377 12w N »wiab nn 5y L2 Hw hit rate -7 nvah 1 on X

:L1 5w miss rate -7 177 X107 1100V ,nOwRa
AMAT = HitTime + MissRate, ; x MissPenalty
2.4 =1+ MissRate, ; x80
MissRate, ; =1.75%

9w DR PWaS NI DY PR 1 whvw AMAT -7 2wnh 731,837 25032
TIRW2 WA

Speedup = —T_Imeo'd
Time,

1,65=L

Time,,
Time,,, =1.4545 [clock cycles]

21w L2 Hw miss rate -7 DX X1xn? nin 5y AMAT -7 nnoia 2w wanwa? 911,02
2RI MDW DX

new

1.4545 =1+0.0175x (6 + MissRate, , x 80)

X177 L2 712y woR:T 2012 771237 miss rate -7 02 79w 9" aRnwnt 5w 1non
~ 75% :mo% nrab X L2 Hw hit rate -7 ,1971, ~0.2497
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u Address
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| 1 Memory
MemData
Write
data

Jump
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| ALUCU]

Instr
Instruction
[31-26]
Instruction »| Read
2521 [T register 1
) Read
Instruction Read
20— 16] I.Idl? register 2 data 1
. 0 _ Registers
INStruction | [ 1 — Read
15-0] : register
[ Instruction| U data 2
Instruction | [15-11] | X Write
register data
Instruction 0
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»| Memory 2
data
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emReal
ALUSIcA =0

_M,w,m% ALUSrcA =0
—start ALUSB = 01 *aLUop 00
ALUOp = 00 P
PCWrite
CSource =l

ALUSrcA =1
ALUSrcB =00
ALUOp =10

ALUSrcA =1
ALUSrcB = 10
ALUOp =00

RegDst = 1
RegWrite
MemtoReg = 00

MemRead MemWrite
lorD =1 lorD =1

RegDst=0

ALUSrcA =1
ALUSrcB =00
ALUOp =01
PCWriteCond
PCSource = 01

RegDst=0
RegWrite
MemtoReg= 10

PCWrite
PCSource = 10
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RegWrite
MemtoReg = 01
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ALUOp =00 p=

PCWrite

ALUSIrcA =1
ALUSIrcB = 00
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PCWriteCond
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ALUOp =00

PCWrite
PCSource =10

RegDst=0
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RegDst =1
RegWrite
MemtoReg =0

RegDst =0
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RegWrite
MemtoReg =1




