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Lecture 14: Caches (l) - Introduction

(CPEG323: Intra. to Computer System Engineering)

How will execution time grow with SI7E?
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Components of a Computer
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What we want: Large and fast

= Comsputars depend wpom large and fast storage systems
— datarace applications, sceatific compatatines, video, nmsic, Jbc
— pipalined CPUs noed quick accacs to mamary (IF, A[FA)

= 3o far we' ve assamaed that IF and MEM can happen in | cycle
— unformnatuly, thare is a tradecd betaemm speed, cost and capacity
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— fast memory & expemsive, bot dymamic memory very slow

What we have: Small or slow

Unfortumataly thers & a tradecdf betwosn spesd, cost and
Gapacity.
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Fast mamoey is o0 expemsive for mest people to buy a lot of.
Beat dymamic memory kas 2 emch loeger dalay thas other
fanctional wnifs in a datapath If every T or swr accessed
dynamic mempry, we' d have 1o either incroass the crcle dma
ar stall frequanthy:

Hore are rough estimaies of soms curreat siorage paramctes
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Typical Memory Hierarchy

- The Trick: pressnt processor with 23 much memary as
is availzble in the casapess techrolozy 2t the speed
offerad by the frciess technology
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Characteristics of the Memory Hierarchy

Motivation: Processor-Memory Gap
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Introducing caches
» Cachar belp sirike 2 balance —
= Acache is 2 wmall amouant of fast, expansive
EOEENOTY. I
= [k g3 Eotwrmen the ==t 1l i i
= [t locpa & copy of ke mes Eogquently uscd Soie from
ks e, meTmery
* Mlomory access speed morweses overall, becanse I
wa va mads tes commps case fasiee. Lo
=y =AY
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will b merviced by the excBET™

= W only moed i socsm the alowsr msim memery B -.
lexz Eoguerily wod deis. .
* Prmciple used alsewhare: Metwaorks, 03, =

Eqarck...

The principle of locality

= Usnally difficalt or impossible to figwe out what data will be
"most Srequeatly accassed” before 2 program actaally runs
— hard t0 kmeon: what to store into the small, precicas cache
mempry.
= Im practice, msost programs exhiket feva tiey, whick the cache
2n tzice advantage of
= Thke Eisciplc of iemperal locality =y thel 3 = progrem scooam enc
mcmory exddoo, thare i & peod chenes thet i willl acczas B zeme
= Thke icciplc of spatial lecality zeys =t ifs program acooass oo

mecmory exddees, there in o pood chenes thet i will dlee sccoas other
n:ll'll".ﬂH:rl:l:l:l.

Locality in programs

* Temporal becality:
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» Sproal locality:

= Herly svery progrem, hecsms iortmctiors e mnmlly cacouded in
acmme.

Locality in data

» Temporal becalicy
= Frogrema oftcn. accoan the zzmes veridhicer over end over, cxpecsally
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= Spatial localiry
= Whe rading locstion A Som mein memery;, & copy of deet dets ia
plaz=d in thes eche bui she eepy A1 A4, ...
= Ui fararmys, resoedr, mdtinte lesal variakkes
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How caches take advantage of temporal locality

= Ths forst time the processor reads from am Hiss

addrgss in main mamory, 2 copy of teat data

is alss stored i the cachs, l

— The mext timep that same address = read, we
cam nsa the copy of the data in the cachs :::"E:‘;_:
éedfaad of accessing the slower dynamic
ENREDATY.

— 5o the st read = 2 litfle slomwer than =
bafore since it goes througls both madn s Bl

mcmary and the cachs, bat orbsegoont
reads are mack faster
= This taies advantzge of temporal lecaliny—
commonly accassad data i stored i the fastor
Cache mEmory.

How will execution time grow with SIZE?
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Definitions: Hits and misses

o A cache kit oeowurs if the cache contains the data that we' =
locking for. &

& cache miss ooours if the cache doss not contain the
requasted data &

o Twao basic messurements of cache performance.

— tiy= hit rate = the pereantage of memony accesses that are
handlad by the cache. (miss rate =1 - kit mbe)

- The miss penalty = the number of cydes needed to acoess
miEin sEmory on 8 cache miss

o Typical paches have a kit rate of 95% or higher,

o Caches prgance=d in levels to reduce miss penalty
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How caches take advantage of spatial locality

» When the CPU roads location § from main mamory, —
2 copy of that data & placed in tes cachs.
» Bt mstead of fust copyving the contemts of locasion I
i, MG G2 COpY dcvdva) valnas into the cache at
once, such = tag four bytes from locations ¢ Lints mzte
through i < 3. —
= 1féx CH oy do mod o eoed Eom loczbonn i+ L 65
Jaor ¢4 3, ik cen oooom i Sl bom B s eod oof
s alowrer main momory. Lo of
= Fer cxople, iovicad of pradbns jmi oo ey clemens ok e
2 broe, the cocke might acielly be loading Brer eeeey
denmma d o
= Apgain, the nital load mears 2 performance
pemalty, but ws” re gambling oo spatial locakity and
ths chamog that the TP will noed teg exiza data

Review so far

* Wanted: size of the largest memory available
speed of the fastest memaory available

* Approach: Memory Hisgrarchy

— Suocessively loweer levels contain “rmost used”
data from next hizher level

— Exploits temporal & spatial locality

Memory System Performance

v Memory systemss performance depends on theee
important questicns: =
— How kong does it take to s=nd dats fram the
pache to the CPUS
— How kong doas it take to copy dats from
memary b the cache? Lints mzbz
— How often do we hewe to access semin =l
memaory” I
v There v pases for all of thess varmbles: Lo of
~ The it time is how long it takes date to be L Somc 2oA

s2nt from the cacke to the processor. This is
usually fast, on the ceder of 1-3 dock oycles.
= The miss pemalty is the ime o cooy deta
from main meamaory o the cache This oftan
requires dozens of diock cpcles (ot bast)

= The miss rabe & the poresntage of misses. @




