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Topics

•
Introduction

•
D

efinition

•
K

ey idea

•
C

haracteristics of a cache

•
Im

portance of caching

•
E

xam
ples of caching

•
Term

inology

•
L

ocality of reference

•
B

est and w
orst case cache perform

ance
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Topics

•
H

it and m
iss ratio

•
C

ache replacem
ent policy

•
L

R
U

•
H

ierarchy
of

C
aches

•
Im

proving C
ache Perform

ance

•
C

aching in V
irtual and Physical M

em
ory

•
Im

proving perform
ance through parallelism

•
W

rite T
hrough and W

rite B
ack
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Topics

•
C

ache coherence

•
L

1, L
2, and L

3 caches

•
C

ache Flush

•
Sum

m
ary
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Introduction

Several slides m
issing
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T
L

B
 and D

em
and P

aging

•
T

L
B

−
T

L
B

 is a cache, it holds selected page entries

−
W

henever
M

M
U

 looks up a page entry,itstores it in the
T

L
B

−
T

L
B

 uses L
R

U

•
D

em
and Paging

−
is

a
form

 for caching, view
physical m

em
ory as cache and

external storage as large data storage

−
physical m

em
ory only holds fraction of total pages
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D
em

and P
aging

C
ache analysis show

s that using dem
and paging on a com

puter
system

 w
ith a sm

all physical m
em

ory can perform
 alm

ost as w
ell

as the if the com
puter had a physical m

em
ory large enough for

the entire
virtual address space

•
Im

proving perform
ance through parallelism

To achieve high perform
ance,a

m
em

ory cache is designed to
sim

ultaneously search the local cache and access the
underlying m

em
ory.Parallelism

 com
plicates the hardw

are.
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W
rite T

hrough and W
rite B

ack

•
Perform

ance and C
oherence Issues

•
C

aching im
proves

read perform
ance, not w

rite perform
ance

•
W

rite through

−
w

hen cache is w
ritten to, update underlying m

em
ory

im
m

ediately of the change

•
W

rite-back

−
cache keeps data item

 locally,and updates m
em

ory w
hen

it needs to be replaced.

−
uses dirty bit to keep track
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W
rite-back im

proves
perform

ance

•
W

hat if data item
 in cache updated several tim

es before being
replaced? w

rite-back avoids m
ultiple updates to m

em
ory

•
W

ill old value of data in m
em

ory be accessed? N
ot w

ith
single processor.D

ata values are accessed from
 the closest

storage, here cache values w
ill be retrieved

C
S250 -- Part III

9
D

r.R
ajesh Subram

anyan, 2005



C
ache coherence

p
ro

cesso
r

1
p

ro
cesso

r
2

cach
e 1

cach
e 2

p
hysical m

em
o

ry

•
Tw

o processors sharing an underlying m
em

ory.B
ecause each

processor has a seperate cache, conflicts can occur if both
processors reference the sam

e m
em

ory address.

•
Solution: need cache coherence protocol
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L
1, L

2, and L
3 caches

C
om

puter system
s use a m

ultilevel cache hierarchy
in

w
hich

an
L

1 cache is em
bedded on the processor chip, and an L

2 is
external to the processor.In

the best case,the tw
o-level cache

m
akes the cost of accessing m

em
ory approxim

ately the sam
e as

the cost of accessing a register

P
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L
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C
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E
xam
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C
ache F

lush

•
H

ow
 can a cache resolve

the am
biguity that occurs because

m
ultiple applications the sam

e range of addresses?

−
cache flush operation

−
disam

biguating identifier

•
C

ache flushing

−
rem

oving all values from
 the cache

−
cache m

ust be flushed w
henever

O
S

changes to new
virtual address space

•
D

isam
biguation

−
use extra bits that identify the address space
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Im
plem

entation of M
em

ory C
aching

Slide M
issing
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Sum
m

ary

•
C

aching is a fundam
ental optim

ization technique

•
T

L
B

 and dem
and paging are also form

s of caching

•
C

ache intercepts requests, autom
atically stores values, and

answ
ers requests

w
henever

possible

•
C

aches can be organized in a m
ultilevelhierarchy
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