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Differences betw
een Caches and Virtual M

em
ory

•
Replacem

ent on cache m
isses is prim

arily controlled by hardw
are.


•
Virtual m

em
ory replacem

ent is prim
arily controlled by softw

are (the O
/S).


•
The “m

iss penalty” for VM
 is very long, w

hich m
eans:


•
It is im

portant to m
ake a good decision on w

hich block (page) to replace, 
so O

/S uses sophisticated algorithm
s to determ

ine replacem
ent, but


•
O

/S can take som
e tim

e to m
ake a good decision w

ithout significantly 
increasing overall m

iss penalty


•
Size of VM

 is determ
ined by address space of processor, w

hereas cache size 
is independent of processor m

em
ory size



Paging vs Segm
entation5



Four M
em

ory Hierarchy Q
uestions

6

“U
pper Level”  —

> M
ain M

em
ory



Q
1 - W

here can a block be placed in m
ain m

em
ory?


ANS - M
ain m

em
ory is fully associative


Q
2 - H

ow
 is a block found if it is m

ain m
em

ory?
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Q
3 - W

hich block should be replaced on a Virtual m
em

ory m
iss?


-
Due to the long m

iss penalty, O
/S uses an LRU replacem

ent 
policy


-
Hardw

are helps by im
plem

enting:

-

Reference bit

-

Use bits


Q
4 - W

hat happens on a w
rite?


-
Alw

ays w
rite-back


-
Dirty bit



Translation Lookaside Buffer (TLB)
C

onnection betw
een hardw

are and softw
are

•
TLB serves as a “cache” for page table



Page Table Fields
•

V (Valid) or Present Bit - indicates if page num
ber is m

apped to a “fram
e” 

in m
ain m

em
ory


•
R/W

 - (Read/W
rite) - determ

ines perm
issions for page


•
U/S - (User/Supervisor) - specifies type of page


•
D (Dirty) - specifies if page has been w

ritten to 


•
A (Accessed) - set if page has been recently accessed


•
E (Execute) - Specifies that this page contains executable code


•
Tag - Page num

ber that this entry m
aps


•
Fram

e No - Physical Address w
here this page is in physical m

em
ory



Virtual M
em

ory O
peration

1.
CPU

 provides Virtual Address, containing Page Num
ber and 

Page Offset.

2.

Page num
ber is com

pared w
ith tag in TLB


3.
If a m

atch, check perm
issions. If O

K, then:                       
m

ain m
em

ory address = physical address | page offset

4.

If no m
atch, hardw

are generates a “page fault” (exception). 
O

/S perform
s a paging operation - page is brought into m

ain 
m

em
ory from

 backing store, updates page table and TLB. 

5.

CPU
 resum

es operation






