Lecture 15: Caches (2) - Design

(CPEG323: Intra. to Computer System Engineering)

A simple cache design

= {aches are divided into Diocks, which may be of vanous sipes.
— The number af blocks in & cache is ususlly & power of Z.

— For now we’ Il say that =ach block conteirs one byte. This
wan’ t take advantage of spabial loczlity. but we’ |l do thet
NEXT dme.

= Here is an example cache with sight blocks, each haolding one
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Direct-mapped cache

* Each main memary block &
mapped to exactly one Block in .
kivz cache. m
— PForoampks, cn e ngfilooe 18- '

byl mar memery ond o 2-byis
eachi= [Towrl-Eyiz Eladal

= Many lower l=vel blocks share
= given cache block.
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= How n we compiate this
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Four important questions

= 1. Whan wa ccpy s Blodk =f dets frem mein memory o
£ tha cacha, whare eeectly should we put EF

2. How cam wm ball iF o aesrd s ofraeey in oo eec=a. or |
i haa 4o Em fatched from mein memasy Aratr

5. ryectunlly, the srmall cache mamery =ight il uz. To
load w mwe Bloch Som main AAR, wa' @ havae o
rmzlncn cra o t=a mrivhsg blzcka in the zeche.. w=ich

cnar

4. How cam write cEaretzns be handisd by the =amery
voEemP

» Cusricnr | arg T oere re'sisct—ew hew T enow whers the cais o plecec F
wn wenr o T fied | momin mier!

Direct-mapped cache

= Think o memory & @ Long array B ] of bybes, and the Cathe 35 &
short airmeny ) 1 of byis (]

E

v Wi shioold we plaos MEa] In Hme oadme?
— Anstural dholos: CLi: % aizwa®(C] ]
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* faizwaf(C] [i.m. bybma] = IF (@ power of tea):
i % 2w i o [2F - 1]
= i & [111..1}
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= Thus, c-Index = k Least signdficant & of s-indsx
=k least sigeificant s of addrecs
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® e direct-repped cachie, the sdidress drectly el os the loecaition

of the data In the Cachs 5
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But wait a minute...

v Sevral mddreaes map o
thie saima now Howw Cain wi
Srstinguisn Estemaem them?

= Ve add @ tag, wsing the nesk
of the adoress
— the tag b the whols addness
withoat the: dmoay biRs
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One more detail: the valid bit

" YWhen aleeted, e cazle @ emply nd doma nal czrtnineeled datn
" W ahculd soocunt for o by efdmg e eald Bl for cach cadic hleck.
— 'WEcn iz wpatiom mimbeleoS, all e vabd Bda src 2L To O
= ¥ en dale 1 leefed iz o partecler zachs Besk, he correszenting
vl Bt i3 asf 0o 1
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" 8n [z ez coelara mers Than jual cope of i Al in memery; itaba
P baia 1o bdp ua fird date wl®in thic cachz and vty il ea ity

One more detail: the valid bit

" Wheon alardcd, he ceclhe: @ emply snd do0a nol coninn vel i Sale
* Wi dhcul azoount for B by efdeg wanled Bil Tor coch oo Blecke
= ‘When e apaicm i3 imbale o, ol the vabd Efa sec 2L o 0L

— #hen dale i3 kEefcd wlc o perliocler cacic Bock, BB comoapending
vabd Efmacilo L
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" %5 [Erc cachc co-lara mors ien just copoy of [Ec Asle in memery; iLabe
Fama Bt D b=l e Tl et wifan B cacdiz and vty 1D wabd iy

What happens on a cache hit

" YWhen the T ey io red from memery; the eddoma =il bz azni o 2
cachs cozimll=.
= Tk vt kbrin ef il addros wiall medew & Hlock mthe s,
= 1fikc hiock ia walid erd dic tag metchen the upper [m - &) bile of thom-
bri =ddeom, thon thel deiz wall b 3o o th TFLL
" Horis o degrem ef & 1kt memery addreas end 2 1o cache.

Sy (3] B il VR Tag T

| ] | o
1
b IS + E:

| bz e =

= ] ——
123
183

Thg ':E:f_': -

What kind of focaliny are we m@king agvantage of?

What happens on a cache miss

= The dolays that we” o bean assuming for memorias (0.2, 222
azg really asnmming cache bt
— If cur CPU implementrticns accesssd mam mamory
directly, their cycle times noald kawa to be mmch larger.
— Inctuad woe assame teat most memory accessss will be cache
hits, which allenx ns to nse a shorter cycls tima.
= Howwver, 2 much slower main memory access i noeded cn 2
cache mizs. The simplest thing to do is to szl the pipeling
nuntil the data from main memary can be fetched {2d alio
copied imin te cacks).

Loading a byte into the cache
o Afier dafa ts meed from maln memory, puttisg & copy of that dots
Irits Ehe: Caathie e Strafghtomyand
— Thee Livwvst & bbb of e addmess spacify th oo Indend
= Thee uppssr dm = k] address DS ang chored n tha Eag Theld
— Thee data from main memory & sbored In e dada Held

= The valid bIt 16 2t 00 1 4 w2 bociecg, the ng mod cain wil
tm gerbmge snd weZon’ bwenk
an “mecidental” hit
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Direct Mapped Cache

= Consider the main memary word reference string

Rl waih wn srpiy cmche - wl oiiz=z4 =24 1%
sk iy o a1 ot S oo DIoT D210 EDY 210D DI 2102 1111

Addresu
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Direct Mapped Cache

* Consider the main memory word reference string

St whenepytsodosdw- O 1 2 3 4 T 4 1%
ol Eiociky midaly ke pa et -
i 2000 Oo0O1 DO10 oo 0100 0291 0105 1111
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- 1 meguest, 1 miss

Direct Mapped Cache

= Consider the main memary word reference string
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Direct Mapped Cache

= Consider the main memory reference string

e i mn ety o - mil ] u 2 = q T 4 1%
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How big is the cache?

Evte-sddrenmble macning, 16-0IC S00reesas, Coalhie cetails:
= direc-mapped

*  hilock size = org Dyte

* iredea = 3 Lecet slpe@fleant oo

TorD QUeesthons:
*  How many bocks does the Scs hobd?

*  How many bits of storsge are reguired to bulld thae cacha (dats
Pl afd eripriaaad including tags, . 7

How big is the cache?

For a byte-sddressabde machine with 16-bit sddresses with e
cache with the following characternistcs:

= I & direct-mepped {as dizcussed last ime)]
= Esch block hiolds one Dyte
= The cache index is the faur least siznificant bt

Twad queshaons
= Hpaww many blocks doss the cache RoldT?

= Hoaw many bits of storage are requinsd to build the che
[&.5., Tor the deta ey, tazs, etc )T




