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TYPES or (ACHE MISSES

wwen cache ini—h‘o«\hﬂ Lmpty, compulsory miss
Very firet access o bodk; told  miss

Occur wn infinlte cache

* Twdependent of size
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« Miss rate \Walves when Msoc,iah‘vi{-u doubles

AVERAGE MEMORY ACCESS TIME
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Reduce AMAT:

- Reduce Whix time - facter, twaller cache
- Reduce wmiss rate: larﬁer cadnhe
- Reduce  wite penaliy
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1. Arsk Opfimisation : Lavper Blode Size to Reduce Miss Rate

blotk. fi1e =8 weant +wat 2 wovde Se\ched oF o Yime
when  block ic  fektwed



*only firsk word mits when PV make  requert Compuisery
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it application exploits spatial (ocality of reference
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Vdilices spokial  locality of reference

* Redwces Compv\\&ﬂ'a Migses

2 Second Optrimisakion: larger (adhe Yo Reduce Mise Rate

+ increased Wit time

increoted tost, aren, power  (see graphc n ppbd
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3. Third Op¥imisaHon: Higher Associotivity +o Reduce Miss Rore
\N I

¢ incvense aswua’civ‘\\'j Yo optimol l\evel, ot full (Wt (ote)

+ Increased Wt time - indexinﬁ time
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~Cache sizes
Block Size 1K 4K 16K 64K 256K *|
16 15.05% 8.57% 3.94% 2.04% 1.09% .
32 1334% | 7.24% 2.87% 135% | o70% |, Missrates
64 13.76% 7.00% 2.64% 1.06% 0.51%
128 16.64% 7.78% 2.77% 1.02% 0.49%
256 22.01% 9.51% 3.29% 1.15% 0.49%




B: Assume the memory system takes 80 clock cycles
of overhead and then delivers 16 bytes every 2
clock cycles. That is, it can supply 16 bytes
in 82 clock cycles, 32 bytes in 84 clock
cycles, and so on... Which block size has the
smallest average memory access time for each
cache size?
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AMAT = Wik fime + mite vokex wits penathy

= Wt ’rimeu + Migs rote L X ity Qu\o\\&% uw M

miss pevaliy = Wit Hime, + miss ke, x o wies penatty, (2D

W w W

AMAT = Wik tme, + miss rote, X (Wit 4ime 4 + Mics ake |, x Wiy pma\\'m)
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hvg mem = Misg per inst iy * Wit Time g + Miss per intuy X MALS penyy
srals per ingt

®. Suppose that in 1000 memory references there are
40 misses in the first level cache and 20 misses
in the second — level cache. What are the
various miss rates?

Assume the miss penalty from the L2 cache to
memory is 200 clock cycles, the hit time of the
L2 cache is 10 clock cycles, hit time for L1
cache is 1 clock cycle and there are 1.5 memory
references per instruction.

What is the average memory access time and
average stall cycles per instruction? Ignore
impact of writes.

miss  voe  Cloea) § glolool) of LI cathe = "ri
000

= 0.0%



3L0(oa( Wil vote L2 cadne = A0 = 0.02
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local waiSt voate L1 dhe - 0.5
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miss ?”‘“\’“651,9‘00 cc
hit ¥ime = | cC Y Yime | = 10 CC
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AMPAT = Wix ¥ime | miss roke, X (Wit time |4 + miss rake |, x Wiy pem\hm

Ava MM = Miss per ingtyy x Wit Time g ¥ Mise per indiy X miss PeL
Sralls per inct
= miss vate,, x miss Pe“o‘\\"ﬁb\
AMAT= | + 0.04 (10 + 0.5x 200)

= [+0.04 ((0+1p0) = 1+0.04 (110) =S4 cc

AMSPT = 0.04

Average memory stalls per instruction = (Miss Rate ,, x Miss Penalty , + Miss Rate , x Miss Penalty , }* Memory
Reference per Instruction
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1. Tncusive Cadhe
Ll W o subset of L1
* (nche Sie = L2
© MmisS on L), seardh L2
+ ony wodifications on L1 waust be reflected n L1 Cwrite
H\mua\n O wrike bacd

L1 L1 L1 L1
N [
Y
L2 L2 L2 L2
W— Read X Misses; Read Y Misses; EvictX from L1 Evict Y from L2
Install Xin both L1 Install Y in both L1 (d) (e)

(@ and L2, and L2,
(b) (c)



2 Exclusive
© L1 ony contoint blodks nor presest in LI, and S0 on
* ~odern o\aﬁ tadnes
* Read wics en L, search L2 andif Wit, bock moved Yo Lv and
posside evicted otk moved to L2 tache
* L2 Vidim cache
* 1€ wis on L1 alo, {etched fcom mew ond placed in U

L1 L1 L1 L1
= = ]
- Read X Misses; Read Y Misses; EvictX from L1 and
Initial State Install Xin L1 only. Install Yin L1 only. placein 12
fa) (b) (c) (d)

3. Non-Twclusive Non- Exclusive
© back ndusive

- most modern processeYs

N I T B
=1 1
|| EA Ea Ed EX

Initial State |n§;;dx)§nhﬁzstisi1 Ingt‘:f Yylr'\v, Jffrfu me( ;’;’m = D ‘('e')' -
@ and L2. and L2.

(b) (c)



data W U W‘mﬁ o vv\as not  be pmcni- in L1

* Processor 15tuet vead or write Yequest

Read fequest : Per{‘wmance — in ovder to ondinue with  CRV
operahion  fead must be fulfilled

Mmain
MtMN&

L2 whe
Ll tache L1 tadhe

v N\ 5

write buffer  wcire buffer
Gv\*zmdiarﬂ) (.(n*armediarﬂ)

'y processel issues  vequesd to recently evicted ldlock and  read

mist occure, L2 level of cache oy Supply  outdated data Qs
dicky lotk ¢ in write bukfer

In odher words, RAW hoazord



* Victfual oddress

vickual [ P29e J
Page  [offset 3
cache
- | p\f\'ﬁsiml
PIPT Caches frome oddress
Numbér
LR

Total Hir Lad—encﬁ = TLe hit \od'cncg + (athe it la’remlﬁ

« Solution. VIPT (ache: V‘\rkuall\d Tndexed ?h\dsim\la To«%u\ Cadheg
(.ir\dex'ma into cathe wsing poge offsed)

Do not wait for VA *o dontlare Yo PA y ewvact index
from VA ond extvoct +a6 no from PA

'Zxample:
virkual :G:ae\r
Page 3¢ poie i2e
l 6 11 \a¥e
olLset

32-bit oddress



Qa: Fcsi1ao8R PA = DOSIE

frame numbes
00S5\b

TLB

I/o Device§

Everg device associcted wita device drivevs

Moment device plugaed W, sytrem au\'omoeﬁm\\b detects
device ond vung device driver

© (onnected via buses Clines — 32 Wit o4 bit efc)

* (oordination oetween devices, bu¢ arthitectuve

cond¢ addr Yo

MEM | exC :
Carvies

/ Siar\a\

Memory Disk Network| | USB DVD

. Duodit\s happens



\[o Interface

Pfajein
Sustem bous
< | grem 2%,
0P
Z [ 1/0 Bue |
N [ | [ 7
1 nenc
feinter e l%b"”d
Yo Hierarchy
wigh peed
{ ous
Disk
(ow speed
| J bus
1/0
Memory _ Controller

Network usB

DVD




Tntel Exowwple
old processst

P4
Processor

2.1GB
Main DDR 400 sec

Memory | 3.2 GB/sec

266 MB/sec

Serial ATA 266 MB/sec
. 150 MB/s
Disk 100 MB/s
100 MB/s
USB 2.0
60 MB/s

\[o Tnrerface

| oddr \ing 2241y

< doda \ines 31—b.+ mem

I towtvo\ signale/
wntvol \iaes

System bus 800 MHz, 604 GB/sec

Graphics output

1 Gb Ethernet

CD/DVD

Tape




- [(Memery  Mopped Yo

© Same memovy wopped Yo tednique for datn tander and

Yo 4vawefer
+ No separate /o nstruckions ; all dodo 4ransfer intive CLDR,
STR)
- N
lb bit addr ﬁ MO - 1b LR
— 5 2 memary
fey REche \  thips
)] MI-l6kp [
24 MUX (48 &)
—3| Address  |—
Mot il\ts‘

J
Ay — Decoder [ —>| M2 16 LR

A2 —4 Address | o devices
m2 — Dewder |— ot @ |

(mouse,
|ﬁ vy ¢ peinter, moniter)

Poxy O




* Sepovare Yo dota  tantfer inthuctione N /ouT)

+ Tin oufer, our bukfer

b bit addr MO - 1b kR
_l) s -
cPV g Sil=d. Ml -16 18 f T\:r;f‘o
2l MUX (64 wp)
igw —| Decoder
N M- 16 LB
(O/M
A(S Address M Vo devi
iy 3 Decoder Poxx ® /0 evices

(mouse,
‘ﬁ Povk C peinter, moniter)

Poxx D




DATA TRANSFER TECHNIRVES

* PV executes program that rrantfers datn  between Yo
device and mem fry

b Sbvxdnronws
- fixed rate of tramtfer (dittotred oy Pro@raw\)

G Pssy)m)nronous

- \r\ano\sha\kiv\%— Po\\iV\S Lov :o.vdima /rece'wina data
- thece stotus of devices

- stotus bit - ?o\h‘ng Yedanique

D1 D2 D3

MASTER T ]
BUS

@1 Twrerrupr - driven

- iokerrupt fexception —> 1SR

- (P iniviares data antfer and Continues onto other
tadks

- When Yo device veady, infsrms CPU through intecrupt

- services interrupt withh 1SR and then cefurng back

- CC not wasred on ?o\\in%

INTR
D\ I

INTA




inrecrupt veguerk

bus magter

(NS E—
Device y )
Condvoller [
kervupt acknowledge
! UINTAD
interrupt
vector >
< data bug
ARM '.Cn’rerm\)’r Table
Address Exception Mode in Entry
1 0x00000000 Reset Supervisor
: 0x00000004 Undefined instruction Undefined
3 0x00000008 Software Interrupt Supervisor
. 0x0000000C Abort (prefetch) Abort
5 0x00000010 Abort (data) Abort
X 0x00000014 Reserved Reserved
6 0x00000018 IRQ (external interrupt) IRQ
7 0x0000001C FIQ (fast interrupt) FIQ

- interrupt ac\l.now\edﬁed ofter w8 stage on\a

inferrupt not

admow\edﬁcd

here
;)\\ |

nterrupt

13 D

tX | MeEM

4 at,know(edsed

we | e

«— inthrudhion (ydle ——>



Multiple devices, wulriple intervupte (interrupt stackd

Simultaneous interrupts dealt with oy using priority
intervupt  ontroller

Sands intervupt veckor 4o PV for intervupt requests

Gontvoller ownwnecked o mulkiple devicet on one Side and
PV on the other

| INTR i; INTRO and INTAD

Peionit
1onTy S INTR1L and INTAL
Py Intervupt

INTA € INTR2 and INTR2
€ (NTR3 and INTA2

lonivoller

If an interrupt s being terviced C(say, by device Do) and
another  interrupt Cby device O i vequested, one of iwo
’c\n'mbs wn  hoppen

I Twe interrupt being serviced (Do) gels interrupted (DD
and Serviced firer vefove DO can complere exetuting
This leads fo e problem of nested intervuplion

2. e interrupt reguect fov DY it nor Serviced until the
ISR of DO compleres exewuting. Here, no neﬂ-‘.r\ﬁ occuvs.



| Negted nterrupts

normal execution

intevrupt ()

m

——

L3

»  interrupt (3)
\ |
veturn

- - -2 interrupt handler
inrerrup} enabled

interrupt (2)

]
Y

2. Non- Nesred Znterrupt Wandler (NNIM)

Interrupt

Return to
task

- | Save context

- | Interrupt
handler

'

4. | Service
interrupt
routine

5.| Restore
context




Cach device hogs assotioted with ¥ & status bixr (0 er 1)
depicti whether & notr it has regmested Ffor an
intervupt

ey pole  the statws bixs Yo thede whieh devices have
re_q,ues\—ed on m+erruy\—
device 0
0 /

e—|dewvice |

TN\ [z

cev

AN

™\ [

olli
P maA interrupt

omwon INTR line for all devices
INTA \ine (ownecked w O o\ais\é—c\/\ain fothion CINTACL)

I€ device receives INTA: pacsec Yo wext device i has
nok faited interrupt ,else stops INTR and pwrs '\o\evﬁ'i&dinﬁ
wde on data bus

Processor Oafn Bus

T VADO T vADL Tvmn
device 0 devieed device2
PI fo 1 Po »| 05 fo
intevvupt request

interrupt acknowledae




User stadc lr
P%en? T
Code
0x00008000
Tnterrupt stace l
Ox00000000 | Vector tavle Ox 00000000

Tokerrupt  Howndier

interrupt handler
SUB rl4,r14,#4
SIMFD  r13!, {r0-r3,rl12,rl14}
<interrupt service routine>
LDMFD  r13!, {r0-r3,r12,pc}”

Tnterrupk Sade l

Usey stack l

tlenq> T

Code

Vector talo\e

; adjust Ir
; save context

; return



* Oxternal ovtvoller direckly troansfers data oetween Yo
oevices ond wmemery without CPL inYervenhion

—F

DMA |«

controller i

CPU

— T
W* ! Arviter [~ T
A T rv"

L 11

Vo = e
Memory device

N

* But in *T\C"'ﬂ“’&/ NBV\ impo_du/\(e stare — out is free

DMA (ontvoller for ok data trantfer vekween devices
ond w\e,mmr\ﬁ

louwnt vepster, srarking oddress, destination oddress  coquired
by OMA 5 CPU gives informakion o DMA cowtvoller

(.\ob\e Stealin process — DMA tontroller & buc mansrer
ond no Luriner inFervuptt  allowed



