Virtual Memory

Paging (cont'd)
Inverted Page Tables

Review

= Single-level paging
— Single page table contains one entry per virtual page
PET Process

= Multilevel paging
— Seyersl tables

= Higher kel bisdes conbein poinfers io pege iabk=s (Pestm
11l — Page Direchory Tacle)

= Lowest eyl inbl=s comtaln virual io physicel address
mapping {Pendum I - Page Tabies]

= Advanisge: Don't need io alkscebs Bege chunk of memaory lor
whide page abde (F Implememied with single l=vel), Honly &
Tew fges are atboaly acthve. Coly need £o alloceb= =nough
chiunks of memizry B0 hokd the segmenis of pag= iabl= that
ane scive,

Topics

» Inverted Page Tables

Inverted Page Table - Motivation

= Example:
— G4-bit virtual address space
— 4 KB page size
— 8512 MB physical memaory
= How much space (memory) needed for a
single level page table?

Single Level Page Table

B&-bif sddress cpaca
4 KE pagnm &lza

= One entry per virtual page 612 ME physlcal mem;
= ¥ sodreszaide pyies [ 27 oyles par pEge = 35 page fabile
ambrisc
» Pagetable entry size
= DOne pag= iable entry comialnes:
= Arcesy conbml s+ Pirsical page numibsr
— S92 MIB physical memory = 25 pydss
v 258 pybes of memorg2 e bytes per page = 27 phy cleal pages
* {7 bibc nesded for phy=icsl page mamber

— Papgefabk =nairy = ~4 byples
= 17 ok pirsioal page numDsr = -2 e
= focmen oomind B = 1 byl=

» Pagetable size
— 18 mmge talble maives < 20 byt = 279 hydes (18 petabytac)

A lot of memaory! (kilo-, mega-, giga-.tera-, peta-)
PER PROCESS

How About Multilevel Paging?

23 nugs tahla antrisc
|singledavel]

« How many levels are needed to ensure
that any page table reguires only a single
page (4 KB)?

— Assume page table entry is 4 bytes

— 4 KB page [ 4 bytes per page table entry =
1024 entries

— 10 bits of address space neeaded

— ceilling{22/M10)} = & levels neaded

g levels - & memaory accesses - slow




Observation

= 512 MB physical memory
— 2% bytesi/2"? byte pages = 2'7 physical pages
* |5 there a way to store a single page table
entry per physical page?
— Can reduce the page table size to 2 ME

» Acsuming 18 byte enfries
— 1E bytes b=Capses need b map phyclosl addrsee 1o
wirtual addrece
> (page fabl= enbry confains virbeel page numicer
Instead of physical pag= mumbes)

- 27a 2t = 3 pyime = 2 ME
Inverted Page Table Onhy need one global page table

Inverted Page Table

* Linear inverted page table

— Page table entry contains
 Process |0 (table shared between all processes)

» Wirtual page numiber
— Table indexed by physical page number
= Example:

— Assume 16 bits for proceass 1D, 52 bit virbual
page number, 12 bits of access information

. 30 bits = 10 bytes
- 10 bytes * 27 bytes = 1.3 MB

Accessing Inverted Page Table
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Accessing Inverted Page Table

« For each entry in the inverted page table,
compare process 1D and virtual page
number in entry to the requested process
ID and virtual page number

= Linear time. Up to 277 memory accesses
possible for our example

—5LOWwWN
— Expect on average about half this number of

achesses

Hashed Inverted Page Tables

= Linear inverted page tables require too many
MEeMory accesses.

= Keep another level before actual inverted page
table (hash anchor table)
— Caontains a mapping of process 1D and virtual page

numiber to pagglial:ﬂe EﬁtrE e
* Usze zzparate chalning for collsions
= Loockup in hash anchor table for page table entry

— Compare process |0 and virtual psge numier
* M match, then sound
* B not mabzh, check the naxt polsfer for anoder page mbe
=niry ard Check agalks

Accessing Hashed Inverted Page
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