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Loop: LD R2, O(R1) XA NRDNN NN
LD R4, O(R3)
MOON D'7'ONN 0DIYN Y 7Y DNMAK 7Y NNAIY N'ONN
DADD R2,R2, R4 .D"M2'R TAX 72 7Y NI'ONNAIX NI71IYVO NyNanl integer
DSUB R4, R4, R2
sD R2, O(R1) two-issue ) 727N NITIRS 2 T X'NINY 721000 Tayn (1M
sD R4, O(R3) Taynn D NN .dynamic scheduling -2 N |21 (processor
DADDIU R1.RY. #8 JTNR [IVY ITRNA XINY 210 721 NITIE9 "My D07 DA 721010
NAMdN 2IW'N JIAY NITI9 YIXA NITN' DMy Tayna
DADDIU R3,R3,#8 'NIN NPTl (NNR NT'NY) ALU Ni7iye yixa (Dnx nT'NY)
BNE R2, RS, Loop ALU n71y9 ¥ yix1 D IM .(NNX NT'N'Y) NINMN Nx'opn
.dual-ported nn'n N2t D 1IN ,[2-1ND .TNX [IVY UTNN IR
NINKR-NKT) speculation -2 MIN X7 Taynn WX 7"10 Taynn 72V N'DNN DR DYN e
.(ROB X77 1 ,Tomasulo DN"MIA7X '9-7y D' TAIVY
[IVUN IITNN 1901 '97 NITIZ9N NINTRNN DX IXNNY D XN N7200 IR KN X
N'DNN N¥N 70N
Loop Instruction Issue | Execute | Mem | Write Comment
iteration access | CDB
1 LD R2, 0(R1) 1 2 3 4 First issue
1 LD R4, 0(R3) 1 3 4 5 Wait for HW unit
1 DADD R2,R2,R4 2 6 7 Wait for LW
1 DSuUB R4, R4, R2 2 8 9 Wait for DADD
1 SD R2, O(R1) 3 4 8 Wait for DADD
1 SD R4, O(R3) 3 5 10 Wait for DSUB
1 DADDIU R1, R1, #8 4 5 6 Execute directly
1 DADDIU R3, R3, #8 4 7 8 Wait for ALU
1 BNE R2, R5, Loop 5 8 Wait for DADD
2 LD R2, 0(R1) 6 9 10 11 Wait for BNE
2 LD R4, 0(R3) 6 10 11 12 Wait for HW unit
2 DADD R2,R2,R4 7 13 14 Wait for LW
2 DSUB R4, R4, R2 7 15 16 Wait for DADD
2 SD R2, O(R1) 8 11 15 Wait for DADD
2 SD R4, O(R3) 8 12 17 Wait for DSUB
2 DADDIU R1, R1, #8 9 10 11 Execute directly
2 DADDIU R3, R3, #8 9 11 12 Wait for ALU
2 BNE R2, R5, Loop 10 15 Wait for DADD
3 LD R2, 0(R1) 11 16 17 18 Wait for BNE
3 LD R4, O(R3) 11 17 18 19 Wait for HW unit
3 DADD R2,R2,R4 12 20 21 Wait for LW
3 DSUB R4, R4, R2 12 22 23 Wait for DADD
3 SD R2, O(R1) 13 18 22 Wait for DADD
3 SD R4, O(R3) 13 19 24 Wait for DSUB
3 DADDIU R1,R1, #8 14 16 17 Wait for BNE
3 DADDIU R3, R3, #8 14 17 18 Wait for ALU
3 BNE R2, R5, Loop 15 22 Wait for DADD
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.0WIX 119y
AWM Y DIT'N' 2 Tayn? ' NYDY )2 ,WIXAN NN 1901 DX 7'957 0'7nn 0Tainnn
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.(dual-ported) v
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Loop Instruction Issue | Execute | Mem | Write Comment
iteration access | CDB

1 LD R2, 0(R1) 1 2 3 4 First issue
1 LD R4, O(R3) 1 2 3 4 First issue
1 DADD R2,R2,R4 2 5 6 Wait for LW
1 DSUB R4, R4, R2 2 7 8 Wait for DADD
1 SD R2, O(R1) 3 4 7 Wait for DADD
1 SD R4, O(R3) 3 4 9 Wait for DSUB
1 DADDIU R1,R1, #8 4 5 6 Execute directly
1 DADDIU R3,R3, #8 4 6 7 Wait for ALU
1 BNE R2, R5, Loop 5 7 Wait for DADD
2 LD R2, 0(R1) 6 8 9 10 Wait for BNE
2 LD R4, 0(R3) 6 8 10 11 Wait for Mem port
2 DADD R2,R2,R4 7 12 13 Wait for LW
2 DSUB R4, R4, R2 7 14 15 Wait for DADD
2 SD R2, O(R1) 8 9 14 Wait for DADD
2 SD R4, O(R3) 8 9 16 Wait for DSUB
2 DADDIU R1,R1, #8 9 10 11 Execute directly
2 DADDIU R3, R3, #8 9 10 12 Wait for CDB
2 BNE R2, R5, Loop 10 14 Wait for DADD
3 LD R2, 0(R1) 11 15 16 17 Wait for BNE
3 LD R4, O(R3) 11 15 17 18 Wait for Mem port
3 DADD R2,R2,R4 12 19 20 Wait for LW
3 DSUB R4, R4, R2 12 21 22 Wait for DADD
3 SD R2, O(R1) 13 16 21 Wait for DADD
3 SD R4, O(R3) 13 16 23 Wait for DSUB
3 DADDIU R1,R1, #8 14 15 16 Execute directly
3 DADDIU R3, R3, #8 14 15 16 Execute directly
3 BNE R2, R5, Loop 15 21 Wait for DADD
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three-issue ) 72apna NITIRo 3 1NT7 X'NINT 72INW D NININD N2ANIN T 7V NIRTI
,TNX [IVY ITAN KINW 210 700 NITIRD Wi 007 72101n Taynin Nyd D Nin .(processor
N MY 2 0TINN 7w INyxn '9-%y D 2%-0'Y .triple-ported 12'N NYD [IN2'TH D NI DI
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Loop Instruction Issue Execute | Mem | Write Comment

iteration access | CDB

1 LD R2, 0(R1) 1 2 3 4 First issue

1 LD R4, O(R3) 1 3 4 5 Wait for HW unit

1 DADD R2,R2,R4 1 6 7 Wait for LW

1 DSUB R4, R4,R2 2 8 9 Wait for DADD

1 SD R2, O(R1) 2 4 8 Wait for DADD

1 SD R4, O(R3) 2 5 10 Wait for DSUB

1 DADDIU R1,R1, #8 3 4 5 Execute directly

1 DADDIU R3,R3, #8 3 5 6 Wait for ALU

1 BNE R2, R5, Loop 3 8 Wait for DADD

2 LD R2, 0(R1) 4 9 10 11 Wait for BNE

2 LD R4, O(R3) 4 10 11 12 Wait for HW unit

2 DADD R2,R2,R4 4 13 14 Wait for LW

2 DSUB R4, R4,R2 5 15 16 Wait for DADD

2 SD R2, O(R1) 5 11 15 Wait for DADD

2 SD R4, O(R3) 5 12 17 Wait for DSUB

2 DADDIU R1,R1, #8 6 9 10 Wait for BNE

2 DADDIU R3, R3, #8 6 10 11 Wait for ALU

2 BNE R2, R5, Loop 6 15 Wait for DADD

3 LD R2, 0(R1) 7 16 17 18 Wait for BNE

3 LD R4, O(R3) 7 17 18 19 Wait for HW unit

3 DADD R2,R2,R4 7 20 21 Wait for LW

3 DSUB R4, R4, R2 8 22 23 Wait for DADD

3 SD R2, O(R1) 8 18 22 Wait for DADD

3 SD R4, O(R3) 8 19 24 Wait for DSUB

3 DADDIU R1,R1, #8 9 16 17 Wait for BNE

3 DADDIU R3, R3, #8 9 17 18 Wait for ALU

3 BNE R2, R5, Loop 9 22 Wait for DADD
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121> 2 0TI NniNN MI9'W'? qona nxtlL,(ROB ny) speculation -2 n>'n Tayn?
Y MY IT nXN '9-7y D 2%-0'w (triple-ported memory ,three-issue processor) g'oin
N7RUN N7'NN ININNN IR TAyna 113,210 751 NNX YIXa NN

"2 0ominn 7w IMyxn7 DXNNA TAYNN 7V AXIY NNONN Y RN A7A0n IR XM T

Loop Instruction Issue | Execute | Read | Write | Commit Comment

iteration access | CDB

1 LD R2, O(R1) 1 2 3 4 5 First issue

1 LD R4, O(R3) 1 3 4 5 6 Wait for HW unit

1 DADD R2,R2,R4 1 6 7 8 Wait for LW

1 DSUB R4, R4,R2 2 8 9 10 Wait for DADD

1 SD R2, O(R1) 2 4 10 Commit in order

1 SD R4, O(R3) 2 5 10 Commit in order

1 DADDIU R1,R1, #8 3 4 5 11 Commit in order

1 DADDIU R3, R3, #8 3 5 6 11 Wait for ALU

1 BNE R2, R5, Loop 3 8 11 Wait for DADD

2 LD R2, 0(R1) 4 6 7 8 12 Wait for HW unit

2 LD R4, O(R3) 4 7 8 9 12 Wait for HW unit

2 DADD R2,R2,R4 4 10 11 12 Wait for LW

2 DSUB R4, R4,R2 5 12 13 14 Wait for DADD

2 SD R2, O(R1) 5 8 14 Wait for HW unit

2 SD R4, O(R3) 5 9 14 Wait for HW unit

2 DADDIU R1,R1, #8 6 7 8 15 Commit in order

2 DADDIU R3,R3, #8 6 9 10 15 Wait for ALU

2 BNE R2, R5, Loop 6 12 15 Wait for DADD

3 LD R2, O(R1) 7 10 11 12 16 Wait for HW unit

3 LD R4, O(R3) 7 11 12 13 16 Wait for HW unit

3 DADD R2,R2,R4 7 14 15 16 Wait for LW

3 DSUB R4, R4,R2 8 16 17 18 Wait for DADD

3 SD R2, 0(R1) 8 12 18 Wait for HW unit

3 SD R4, O(R3) 8 13 18 Wait for HW unit

3 DADDIU R1,R1, #8 9 11 12 19 Wait for ALU

3 DADDIU R3, R3, #8 9 13 14 19 Wait for ALU

3 BNE R2, R5, Loop 9 16 19 Wait for DADD
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L1 -7 niwnain qx1 2y 775 nyrown mix |NofTh Ndwwn? L2 v ndannin nooin
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(v nutnn 80) N'nwd NN 'WURIN NDT? nwnAn T o

?AMAT -2 XN I9'WN NIX A'WNT7 NN 7V L2 7w hitrate -n DiFfM7 )XY N0 X

L1 7w miss rate -n Inn Xixn7 1'7v ,N'wUKX
AMAT = HitTime + MissRate, ; x MissPenalty
2.4 =1+ MissRate, ; x80
MissRate ; =1.75%

19'WN NN A'WN7 NN 7Y 19X NN? n1t'hyw AMAT -0 1nn Qawn'? n¥7a ,Xan A7va
:N7XWA wWATIN

Speedup = M
Time
2.4

Time, e,
new =1.4545 [clock cycles]

21'w L2 7w miss rate -0 NX Xixn? nin 7y AMAT -0 Nhona A1V wnnwin? 7311 ,nyd
JIXIN I9'WUN NN

new

1.65=

Time

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

ININ L2 712y MWOKRN NI NN miss rate -0 D n71v 7"10 nrnwnn 7w nnon
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(single core system) 7'v'7 NAIXINAN NJ>IYN] D'YNNYA DAY NN2N2 NNI0VRODIRD NIX UKD
n>wna .(multi-core system) N12*? NaNN N>vN1a 7"10 Nd>ynn DX 97007 nv7nn 7y
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;TR qQNiwn 170 [N2'77 nion™nn (cores) NI ‘7D o
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20N 7MIWON 1T DXN 70'WIXT N1'NAN NIRTD
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Jww mirtnn 100 12'A main memory -7 nwnan AT o

.MNINN NIMd 7y n72an 'R ;)2 oW N AMAT 7apnw D |L2| NN YRR a2

|L2| 1Y 7apnnn 'mamn AMAT -0 79 2 min 123V IR DY .)TYUX IR N1 01D

JNRXNY

27 Dwnan T X 1L NN DNR 7D YW Miss rate -0 I AWM, N'WKD

DI
] 1x0.2x32K 1x0.2x32K
MissRate, = TR ko "
1
MissRate,_z _ 2x0.2x32K 0.4x32K

[P
32K

TLl :lrﬁ—‘:l
L]

= {327

AMAT =T, + MRy xT,, + MR_; x MR, x Ty

INID [T YXIMND AW At 7w 9700 1oan

L
| 2| —l 0.2x 0.4 32K %100 TN 071 DY NRIYN 72711 21X

AMAT =1+0.2x +
32K |L2|—32K

DA ,90102 ' X7 [91X2 L2 7w 7T 17n T, 7w M10manw nivn 09 NI'RY QY79 DIT
(172 712) 16 7w Nn7w n7190 NI'N7 2N KIN DY LY NINWA D' DXV |L2|

D 2L,'¥Y 91K L2 7w 7T n T, 17'R0 N1 19N N'WAN DR 1IND) [IWRIN 27v)
.ND'¥Y X7 N¥ZII9 N2ON NIR'YAN D NTAIYA AWNND L DN INKRT .9 NINYN 10 |L2|

:DIN'I'M RIXN? NN 7V 09X7 NNTAIN DX NHWAL ND'XIN N'Xj72119N NKR NITA)

OAMAT _ 02 0.4 x32K x100

= 0.2x >
oL, 32K (L] -32K)



OAMAT

——=0

O|L,|

0.2 0.4x 32K x100
—=0.2x >
32K (L] ~32K)

(JLy| -32K)° = (40x 32K )32K

|L,| = /40 x 32K + 32K = 240011.0287
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.NTN W7 2Npn D7wUn 01720 190N NIK X¥N1,[D71,0'2172 NAw Dy X7 DAl L,D'NA Naw DY
22j71 nun 9971 7aV1 DX

{240011.0287

J =15000] Blocks]|
16

|L,| = 240000[ Bytes]

240000 0.4x 32K %100
+0.2

AMAT =1+0.2x 2% =3.729822132
240000 - 32K
NIV NI NYP 17'OX ARXIN 7271 N7V 197D D'PI7AN 190N DX 7aV1 DX
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|L,| = 240016[ Bytes]
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2% =3.729822129
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4.8
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4.2

38

36
L

X 10

W NNYY D719 DY NIMNYORND MY '2N NNWOK IT'R PITAY 21 KD DIWY7 "N ' 37
AN 210 AMAT NI N9YIN NXAI90 7w DIamn N7 nidimon 32K

[8x 32K |
32K

AMAT =1+0.2x

AMAT =14 0.2x| /232K

32K

+0.2

+0.2

X

X

0.4x 32K x100 _ 3742857

8x 32K -32K

0.4x 32K x100
7x32K -32K

=3.7333333

AMAT =3.7333333[cycles] :rwipar, |Ly|=7x32K niaY|L,| nx vam ,pa



