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Jivw itnn 100 nnpi? w01 ot Nwa .cache NimN 2 Yya Tavn M

NN NNIYA N'ON 1901 NN NNAN 17200 9"V I X

L1 L2

Cache DATA Size 32KB 512KB
Block Size 8 Byte 32 Byte
Associativity 4 way Direct

Hit Time 2 cycles 35 cycles

Miss Rate 10% 2.5%
Writing scheme Write through Write through
Replacement scheme LRU|
Tag 19 13

Index 10 14

Offset 1 3

Size - 32KB will be divided into 8 Byte words therefore 2415/243=2A12.

If it were a direct cache there would be 2212 lines. 4 way associative so 2412/2/2= 2/10
we now know we have 2210 rows therefore 10 bits for the INDEX.

since there are 8 BYTES, equivalent to 2 32 bit words, we need 1 bits to define the OFFSET.
the remainder are the TAG therefore 32-2-10-1=19

Size - 512KB will be divided into 32 Byte words therefore 2419/2/5=2A14.

If it were a direct cache there would be 2214 lines.

we now know we have 2214 rows therefore 14 bits for the INDEX.

since there are 32 BYTES, equivalent to 8 32 bit words, we need 3 bits to define the OFFSET.
the remainder are the TAG therefore 32-2-14-3=13

CACHE 5 ¢ AMATN INn .2
Average Memory Access Time = HitTime+MissRate*MissPenalty

AMAT,; =2+ 0.1-35=55
AMAT,, = 35 + 0.025- 100 = 37.5

Lo AMATR INn .2
AMAT = HitTime + MR - MP
AMAT = 2+ 0.1(35 4 0.025-100) = 5.75
700 AMATA RN NN L2 K97 T
AMAT =24+ 0.1-100=12




? N2'MoN NU'wd LRU NU'wa win'y 11¥? N2Md 27yn? L1 112y Nidy¥l Nir‘o nnod
D'V NNd ,N2ND 722 .7"1N CACHEN Ny 710 NU'WN MK XV RAAT? TIT'? DIV
?PpTW7 v "o

4 way associative therefore 2 bits needed. For example ‘last used’=00,
‘penultimate(second to last)’ =01 etc..

all the bits in their write procedure field must be redone when writing a new word to
the cache or when accessing one. We must keep proper track of the order.

:0v7n CACHE? ninn 2 Ty 9'0In'7 102NN D'VIX] NI'YYA NRON

L3 L4

Cache DATA Size 512KB 512KB
Block Size 4 Byte 4 Byte
Associativity Direct Direct

Hit Time ??? ???

Miss Rate 5% 10%
Writing scheme Write through Write through
Replacement scheme Always replace Always replace
Tag 13 13

Index 17 17

Offset - -

('~ 9'v0o21 1md) oNnonn NITYN IN'Y7wn
Size - 512KB will be divided into 4 Byte words therefore 2419/2/2=2/17.
If it were a direct cache there would be 2217 lines.
we now know we have 2717 rows therefore 17 bits for the INDEX.
since there are 4 BYTES, equivalent to 1 32 bit words, we need 0 bits to define the
OFFSET.
the remainder are the TAG therefore 32-2-17=13
.7 Nnon ?nrx 7 .35 Yw nwhi onitnn 100 2w nwa at TR? D ima
The faster cache will be the one closer to the lower levels, therefore L3 access time will
be 35 cycles (like L2) and L4 will have an access time of 100 cycles.
NN onn Nrx .80% ' 1M MY Nwan 1At TNRX D1ENIVY N'7N DTN 9o D INan
?00nyT?
There is no reason to add an entire cache system that is just as slow as the access time
to the main memory, there is nothing to be gained yet much to lose (real estate on the
cycles.80chip). Therefore, L4 access time is reduced to
?L2 n7xan N1 2w NN NTRIEL3 DX NDT 7w NIDN NTR L0012 DNTAY NN NN
Temporal locality (L3) vs spatial locality (L2)
DIPNA TNX MYON NID'Y 1Y'¥N 72WNNY7 DWIYA NI9'W W' OXN 7wUTNN 770N AMATA Inn
TX'D 111007 1210¥N X 07 CACHEY 0'2iM ninw'? 0d%? "nin .CAHCE nin1 4
AMAT = HitTime + MR - MP
AMAT = 2+ 0.1(35+ 0.025- (35+ 0.05- (80 + 0.1-100))) = 5.59




As we can see, the improvement was small. It can be seen as well that the 4" cache
made almost no impact whatsoever. By letting go of the 4" cache and enlarging the
third, we may be able to diminish the miss rate of the third and thus improve the
average miss access time.

(‘in1 30)2 'on n'inv
INAN TIPN YO y¥ann 707w MIPS 0 Nipn nama

lw $s0, 24(5t3)
sub St4, Ss0, St5
add Ste, $t7, 5t1
sw St4, 20(5t7)
add 5t8, $t2, 5t6

.NOP niITIj7o wnn ¥ NITO NOIN 1DWNNA

?7,6,5,4 .3 vy TNnNa 0N DNAIK 17'R1E DRI DNAIR 7' K
N1'N2N N2AND7 ARNMP 2 77200 110Y) TING O'RI7I01 DIANDIN DNARD NINY DX |'Y7 W
mn vy ,FORWARDING ' T — D 11D .TIN? Wtnn 2271 ,(urnn NTaal yT'n NNt
X7 "2vIn 'm 1131 FORWARD2 77n 22 nNijp

DRI D 7y ,ID 2w NNyl (sub $t4, $s0, S$t5) NMwN NTIRSN MY 1YY ITNN
$s0 -1 $t5 oo
A0U0AN QX2 YT'A AN X721 WB AW NTIRD 'R AT 1YW IThn2

LOAD HAZARD 2 nn9Yw NTIpo2 NN (sub $t4, $s0, St5) nmwn NTIRodN 'y IV IThn
AW Ss0 -1 $t5 DMV D' |2 7V .NOP 01dm P71
A0U0AN QX2 YT'A AN X721 WB AW NTIRD 'R AT 1YW IThn2

-1 $t1 DMVoN 'RV P 7y ,ID 27w Nkxnd (add $t6, St7, St1) NTIEON wmN IyY TN
St7

(ALU) 2iw'nd 1N $s0 W00 1117 FORWARDINGN NT'Nm vT'A 12vIin DA AT [IVY IThna
NN DNTIRON IR

[[vw Nrizpa) $s0 1V0AN ANDY P 7ul WB -0 27w NRYNI DIWRIN DTIRON NT VYW NITNN2
(DA yTan xan

St7 q0o0n K17 P 7y, ID 27wa Nkynd (swo St4, 20(St7)) NTIRON W'Y VW NIThN



.S5t6 -1 $t2 0Mvo o7 P 7y L ID N ahwa (add $t8, St2, $t6) NTIRON v [Iyw NIThn

EXn 27w7 2 NP9 7w WB N 27wn FORWARDING |80 wi'w 17 D'w .$t4 XN 2NN 100N

A4 nTipo v

NT'NA 70N 7RI O'RIP1 DNVOAN 17X 78 NITNNA FORWARDING N nT'n' Nyxannn .2
N Y YD NIRINWN Niy¥anni

NIN 2NN V0NN .0OXRN VO K11 [ 2y ,ID N 27w NOP NTIPON MMy 1YY 1ITNn

[ 5 NTIPO 7w EXN 277 3 N9 7WWB N 27wn FORWARDING [ ww 17 0w .5t6

J2TIVNn Nrn7 Ny Stehvorny

.0DTIVA add $t8, $t2, $16 NTIPOA 0'RIPIN DNIVOANN OX N7TIA FORWARDING 1 nT'ne
7V DX NRY? NNMR NINTIRN DIMEON My IX NNRY PN pipelined MIPS -1 "armw non
NHwN? w7 .register file -2 TN YN NX 2IND7 NjP'90N X7 TIY X ,0'R730 DNVOANN
N DTN .DMTIED DITIRON 2-1 0NN 0NVoNN NAMDY? O'RIZIN DNVOAIN NN 2 NX
12 YN NI DM00NN YW D TYN YRY NXTINIE ALU-7 N101dn 7y N2 FORWARDING
QYN WNNw)

N NIRNYANN
none=2 ?
none=6 ?

6=2"7
6=6 7
stages IF ID EX MEM WB
1 w(l) - e e e
2 sub(2) Iw(1) -
3 add(3) sub(2) Iw(1) -
A 4 add(3) sub(2) NOP w(1) -
©
o) 5 sw(4) add(3) sub(2)  NOP Iw(1)
6 add(5) sw(4) add(3) sub(2) NOP Iw(1)
7 NOP add(5) sw(4) add(3) sub(2) NOP
8 NOP NOP add(5) sw(4) add(3) sub(2)
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('m 40) 3 'on n'Inw

NIN N7W syntax N WK branch sub equal nwTN NTIRD single cycle MIPS TavnY
bsq Srs, Srt, Srd, target

:D"[?N DMVO'ANN PIN OX 11 DX D'IoN target 7 NXOIRP IT NTIPO

Srd=Srs-Srt

NITY (0D N7) N12A7 0w VYN DN DY ITD NTIPD 7007 D712 NTIPD A0 NT'R X
.Naon ?RTYPEJTYPE,ITYPE ?NTi7on

NNNKRN NITIPON DTN9IXD DNV 3 7w n7ap (8O ww 11on RTYPE X' NTIzon 210
.MDIN NAWNN IT 271 NITYN N1AN DR NRYWY X7 DNWZANI .07 DI 'R

Y 'N2IN 1IN [N 7NN NTR? 2110w ATIRD OVR7 "2 1w DDIXY NITY IR .
.0NVINDA N0N ?YI9PF7 NI PC A

2"10 N7 9N NX y¥a? DIpnaw shiftn N NN (VTR NTRNK) 112 1O TN NTYUN
NX'9PN 7TIA DX 17 T AT P75 KN NIrron 190n N TV X TI'R NNY N7y
— (2™ — nund 7907 715 2"0 NTYN YWRD pe+d+4*(shift field) 7o woxN
n7950 17 W' ) 4 2 2'901 DI NDT NNIW —15: 16 1 0'wan DN9on i 1): 271
.0MA—60: 64 'R (NITIEON [INIT2 O'XOIZWI 0O'NA] DNATNA D TN DR

AWNN NINNK NIV 02 XD 17200 Y1) opcoden NTY NX DA NIRYWY VXY [QINdD
N'YI' 17ANY T win'wa X7w functionn NTY NN Qo0 MVRTIRY WNNwn? IN (jump
NNNAA XD NIAIKNN P71 jumpi DX 17D DX'OPN NNWOK DX 7'7TN7 NN TIR



NNNXR NITNY IR\ (' 2WNI NIDSOIN 0A) NIDAYI NI'VANMIX NITNY DM'W I7X .2
N0 T .NTRON DX wan'? <12 (171 NoT ,REGISTER FILEN [120) nimvzn
(i1 oy DM %910) nntzn NDYA? DN9OIN NN VNVINDY

[NNO VXY win'wa 7001 NT'N) ALUL win'wa XPw func 7w NNWORN NIX DA [XD

Ii7 N'¥In D2 11D 110N NIwy'? ALUN 7w 021990 NX Mwnw (TN opcode DY 11D NN
['917'N'7 Ik BRANCH N 7w NX 72 TN"7 12 1727w func DT NTY NIpn2 [iwnn N1
.BRANCH7 n2'uomu7x (NkN1w 10D)

.OX¥Y2 IX'N N7 7aun NP RN CMAYYY DUYn

DA TIV) AW INK 2YNI 5011 VI TIXN XN XD 207 NI NRIYNN NITIRIN
{nauwn

[N X7 NN NINKY 921 0NV 31 DRAIE X1 DT 'R D ARNP? WY 011D 119010
.single cyclea yan> Nkt niwy?

DUINNA I'NY NIFA'ON DR N7 X7 1D (sigh extension'?i shift?) DM 0a nooin ams
.immediate NTIOY

19D NTIRDN NX DURP7 7T vINAY? 01w DX single cycle mips 7w Drwann v Nny T
.00 .0'MTIZN 0'9'WO0] DNIYY

MUY 00NN 127 (V10'NN)ALU N NRXIN 12 (1wn 119010 1011y 1IN DIYAw 17 Dl
M7aN 7avnn NRYI'Y  NNNK NITIRD 7w NN NI7'woh? vy K7¢ 101 N2 17 119010
.OPCODE?7 2xn No0IN 7w 11201 NI 0710 17270y NNNK NIAIWN 1112w

Single Cycle MIPS:

Instruction [25-0] @ Jump address [31- 0]
% \“'2)2

PCa [31-28]

Instruction [31-26)
—— e ]

Instruction [25-21
Readn
address

Instruction [2

instrucsonC| ||
31-0)

Instructions
memory Instruction [15-11)
e

Instruction (1

bsqline

?Nownn v CLOCKCYCLE N1'Nan DNAY MWD VoW TXD .0
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