






















































Payfeduction

OS usually takes one of two

approaches
when solving any

spacemanagement problem

chop things chop up page
up into into fixed
variable sized size pieces
pieces

segmentation Effta
Tester
fragmented
allotation
challenging
over time

























































Instead of splitting up a

process's address space into

some number of variable sized
logical segments code heap stack

divide it into fixed size units

Physical memory
page

becomes an

array of fixed size slots
called page frames

VA DA

Process Physical Memory

Page page frames

























































Challenge
How to virtualize memory
with pages
avoid segmentation problems
minimal space and time

overheads

simple example and overview

0
virtual

page 0 of the add space

page I

48 page 2

64 page 3

Simple 64 byte add space
4 16 byte pages

























































Real address 7
32 bit address

space 22 bytes tenth

64

GB
it

264 byeshth
2 x 230 230 bytes

large GxG bytes

Physical memory
consists of 8 pageframes

as

amused 128bytememory
32

page ofAs

page ofAS

























































Most important advantage of paging

flexibility
support the abstraction effectively

we won't make assumptions

about direction of stack

and heap

Simplicity
maybe

OS keeps a list of free

pages to allocate memory

To record where each virtual
page of the

address space is placed in memory the

OS usually keeps a perprocess
DS known as pagetabled

























































pagetable
stores address translations

for each of the
virtual

pages of
a mass space

purprocessIC
exception
invested page table

OS will manage many such tables

move virtual add eax

ignore
instructionfetchy

to translate up

split it into
Virtual PageNo

offset

























































e.g
VA size 64 bytes

6 bits for VA

Était
page size 16 bytes 4 bits offset

2 bits select one

of 4
pages

move 21 eax

20101
page1 pagetable

findwhich
physicalframe

v
page no 1
resides in
PFN PMÉU

























































1110
d

a I

III

Ñte are the
page

tables stored

What are the typical contents of the

page table and how big are the

tables

Can it be slow

























































wherearethepagetablesstoredpagetables.ca

get terribly large

eg 32 bit address
space

4 KB page size
4 KB 2 bytes

offset 12 bits

VPN 20 bits

220 translations million
OS would
have to

manage

per process

assuming we need bytes per
PTE to hold the physical translation

4MBtmemogytsomeotherstf.pe
process

























































P 1

100 processes 400 MB

just for

For 64 bit
even larger

gruesome

Page tables are not stored

so big
in any
special hardware

Page take
older
systems store in

data structure hardeniined memory

modern
systems

flexibly managed

by the OS

























































simplest linearpagetabled

just an array
indexed by VPN

pagetable VPN PFN

more advanced DS in later

chapters

Contentsofeachppelage
table entry

Valid bit e.g
when

a programif process tries to access starts running
such address invalid dstack

mafiagenerate trap to the terminates the
process

























































Valid bit crucial for supporting

sparse address space

remove the need

to allocate physical

frames for unused

memory

Protection bits

read write execute

traps if different permission
than
expected

Present bit

physical memory or disk

swapped out

Swapping
address spaces

larger than
physical memory

























































Swapping allows the OS to

free up physical memory

by moving rarely used

pages to disk

Dirty bit

Reference accessed bit

whether the page has been
useful accessed
during
pagereplace

to know which pages are

popular

71khardwaliceding usersupervisor

























































Whynovalidbits
p 1 both present and valid

p 0 maynot be present
but is valid
OR

not present

not valid

triggers trap to the OS

us add structure

it keeps to determine

if the page is valid

o moy
and thus perhaps

shouldbeswapped
access

back in






































































































































































































































































































































































































































































































































































































































































































































































































































































































             


















































