Page Replacement
Algorithms

How do we pick a victim?

@ We want:
o low page fault-rate
o page faults a s inexpensive as possible

@ We need:

o awayto compae the relative perf ormane
of different pa ge replacement a lgorithms

o some absolute notion of w hat a OgodOpage
replacement a lgorithm should accomplish

Demand Paging

@ Load pages in memay only on page fault

o Find location of de sired page on disk

n Find a fr ee fr ame
o if o ne is available, use it
o otherwise, use a page replacement a Igorithm
— select a victim among active mappings
— fr ee corresponding fr ame, and load new
page in it
— local vs. global victim selection

o Restart!

Campaing Page
Replacement Algorithms

@ Record a tr ace of the pa ges accessed by a
process

o E.g 3,14,2,5,2,1,2,3,4 or c,a,d,b,eb,a,b,c,b

@ Simulate behavior of pa ge replacement
algorithm on the tr ace and record the
number of pa ge faults g enerated




Opt imal Page Replacement FIFO Replacement

@ Replace page needed furthestin fu ture @ Replace pages in the o rder the y come into memay
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Belady ©® Anomaly _ Page Faults?

Number of pa ge f aults

Number of fr ames

@ Yes, butonly for stack page replacement p olicies, that
o 4 fr ames - 10 page faults! assign a priority t 0 a page thatis independert of the
number of pa ge fr ames

LRU: Least Re centl y Used Implementing LRU

@ Replace page not r eferenced for the | ongestt ime & Maintain a GtackOof r ecentl y used pages
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Implementing LRU

o Add a (64 -bit)
timestamp to
each page table
entry
o HW counter

incremented on
each instr uction

Page table entr y
timestamped with
counter w hen
referenced

Replace page with
lowest t imestamp

The Clock Algorithm

Page 3

@ Organize pages in

memay as a cir cular | ist
Page 2

@ When page is o] 721
referenced, setits
reference bitRt o 1

@ On page fault
o if R = 0: e vict the
page
oifR=1:clearr

o advance hand

Implementing LRU

o Add a (64 -bit)
timestamp to
each page table
entry
o HW counter

incremented on
each instr uction

Page table entr y
timestamped with
counter w hen
referenced

Replace page with
lowest t imestamp

@ Approximate LRU thr ough aging
o keep a k- bitt ag in each table entr y
o on every clock t ick, shift r ight o ne bit
o copy R bit in mo st sig nibcant bi t
o replace page with | owest t ag
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The Second Chance Algorithm

Page 3
@ Dirty pa ges get Gecond

chanceObefore eviction
Page 2

@ replacing dirty pa ges o] 7 |
is expensive!
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Local vs. Global
Page Replacement

@ Local: Select vi ctim only among allocated
frames

o Equd or proportional fr ame allocat ion
@ Global: Select any fr ee fr ame, even if

allocated t o anather process

o No contr ol over page faultr ate

Clock Page Replacement
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Brother, can you
spare a fr ame?
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Brother, can you
spare a fr ame?

Sq what® wrong with gl obal r eplacement?

A Vicious Cycle

@ When not en ough fr ames...
o high page faultr ate
o low CPU uilization
o OS may increase degree of multiprogramming!

@ Thrashing
o process spends all its
time swapping pages
in and out

CPU Utilization

Degree of Mu It iprogramming

A Vicious Cycle

@ When not en ough fr ames...
o high page faultr ate
o low CPU uilization
o OS may increase degree of multiprogramming!

The Principle of Lo cality

@ 90% of the e xecution of a p rogram is
sequertial

@ Most i terative condr ucts c onsig of a
relatively small number of ins tr uctions

@ When processing large data str uctures the
dominant c ost is sequential processing on
individual str ucture elements

@ Locality c an be both spaial and temporal




The Working Set M odel

@ Choose A page references as WS window

@ WSS =# of pa gesreferenced by pjn| atest A
o A too smdl: does not c over | ocality
o Atoo large: covers many | ocalities

@ Thrashing if | ; WSS > # fr ames

o if so, suspend one of the p rocesses
> which one?

WS Page Replacement
AN

Pages in Memory

WS Page Replacement
AN

Pages in Memory

Campu ing the WS

@ Use interval t imer !, the R bi t, and ke xtr a bits
per page

o =l

@ When ! el apses, shift i tsr ight, copy R bit in
MSB and reset R bi t

@ If o ne of the #bi tsis 1, the c orresponding
page is in WS

@ Senstivity ?




Tracking Page
Fault Frequency

@ When too high, increase WS; decrease when
too low.
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