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m UM O 22| 2] 0| ™ (benefits) 27|

B o O], IO[X] WX A, MOo|X| =2 & 78 29
B working-set modelQ| & 2| =2

B 55 0 22|2F memory mapped file 2tA| EFL



9.1 A X|Al

B A= instruction2 =2| K2 2[0f RUO{OF &

0| R FF Yy o
1. =200 MM =2| T2 st 2| HE2[0] HA = &2
2. =M™ AKXl (dynamic loading) — programmer’s work
3. 7k HRE| ALE - 2o Eot 220 S| HZ2|0 fX]

B U O 22| (Virtual memory)

disk
— Py
virtual BOTEiclny 1 - file
memory ~~_ _Memory —
____________________________ -
\\ backing

store



M| 22| (Virtual memory)

® Virtual memory

T2 =2 HEZet =2 HEZE =2
TEMA7F 20780 M 2|0 HMEX] HOote Z2ML 2l 5HE
=c|™ H2e[20t 37|17 2 7td 2| s 7ts

(virtual memory size £ physical memory size+ backing store size)
T2 377 FE|H HEZ| 2L 2 = US
I{|O| X| Et&| Q| swap-in/swap-out > == 37| A

B Virtual memoryQ| 34 gt
» 27 50| & (Demand paging)

» 2 M| OHE 0| M(Demand segmentation)> 7tH 37| {20 G =&

F



=c|H H2C|ECt 2 7HS M2

page 0

page 1

page 2

memory
map

page n . physical £ I O| X]= backing store
memory

ofl 9I%

memory




7Hd H 22|t HE2E] S+

B Uty 2= ZEMAS0| HEEQIY S7E 7IsotA &
» 55 20| E 2{2|(shared library)
55 0| 22| (shared memory)
= fork(QO ofot ZEMA HE SO R 2 (A ZZ2MATHO|X| S+
>R8N ZZMAYY

virtual address space shared library using virtual memory

Max
stack stack stack
physical
l l memory l
sparse

adpdress s.hared shared S.hared
space library pages library

heap heap heap

data data data

0 code code code




0.2 84 I 0]|& (Demand Paging)

B 2 0| & (Demang Paging)

« page’t LSt [ pageE HEZE 7IN & - %Ri page= 2t X XY
(cf) swapping — “EHIé: Aol o Z2 M A 1I 7= M2 2|0

Mo, H 22 S-S H[RE Mo MN S5 a3 =2 0|5°*
» Q7 I0|AMS seS= =2 202 lazy swapper EE= pagergtd 85
B - ool &
s Q=2 ZHA S swap A|ZH A
» M2 OHEIZE AE > HE2 S EY
 HHFE 2EF A|7L
. O B2 ALBAH 318

LS —



23 H0|X! 38 - Valid Bit AR

B I QASH—valid bit2 AFR 3t page table, £ X 7| A AHX|
= paging SIES 0|2t &= frame no. V

m valid bit — Zt page table entry(j| =&t page frame no.

=

= 1= in memory page frame no. | 1

= 0 = notin memory

(1) C|A 30| /2 (valid), EE= (2) S2SIX| &2 | page # ondisk | O

n X7|ZF EEvalidbit=0 -==- 0

= page’/t B2 2|0 HX{E Mo 1= 2
B Demand paging ++%4

= paging tableS At A Bzt 0HH 0| (hardware S
= if valid bit = 1 (| 22| 0| MXj =l SZ 3 0| X|) = O 22| &AX
=« if valid bit =0 ({2 2|0 §2) = page fault trap &4

= page fault trap 2| (2L X A| trap handler)
« OZ22[0f SX|2H C|A30 2™ > Sl pages O 222

S xH S X HME‘:‘H

« S2SIX| ¥ & X(invalid reference) = T2 M| A = Eh(abort)



M| 22]of] HIHx|X] B2

0 A
1 B
2 C
3 D
4 E
5 F
6 G
7 H
logical
memory

O] X| & =

2k = page table

0
1
2
valid—invalid 3
frame bit
0| 4 |v
1 i 5
2 6 |V 6 C
3| —
. A
59 [v|] 8|
6 i 9 =
7 i
10
page table
11
12
13
14
15

physical memory




| 0| X| £ X}j(Page Fault) X 2]

B Page fault 42| 108
1. page tablel| S| & entryS T AISHY] invalid 912 0t
= Invalid reference =» abort.
= Not in memory, but on the disk =» page it in.
2. free(empty) frameS &=
3. C|A 30| &= pageE page frame2 £ swap in 2 disk read S&AH =
4. disk read?} 2t &|H page table 4 Al
« XXl =l pagel| page table entryQj| Al valid bit =12 A
5. page fault trap0f| 2|3l = Ete| A & instruction=S A A| 2L
B == @+ I O0|&(Pure demand paging)
= 27 7| M0|= pageE M Z2|0f| HXYSHX| 5= — HXHSHA| G52 S El
M =202 Jlls ALY
» ZZ2E0| N2 HHE Mo 2= 10| X|0f CHSH page faultZ} 22l &t
B 022 EZ0o| X| M (Locality of reference) = X|
» Q7 HO|AES ARSI = THESTISHreasonable) As& H ¢

10



Page Fault A 2| 1}

page is on
backing store

operating
system

reference

()

load M

— X T

restart
instruction

page table

(2)

trap

free frame

®

reset page
table

physical
memory

-

\\_//

®

bring in
missing page

11



Page Fault 2] £ instruction Xj&!H

B X2[st7] Oj24= Of

= Dblock move instruction C
= page fault trapO| ZfA8SIH O 2 2| Of page boundary
trap &8 O| Mol O 22| Li&S & } not in memory
olOfF g — overwrite 20f|l= =& 27t
« A0 page fault 2dl 7tsd= =2l
> 20| Z7HS 3} page fault trap 2HAY —
= auto increment/decrement mode operation
(0) MOV (r2)+, —(r3) T+ G90| &3
« BENE M AESH| 0| =& r2, r3dtE JHell U2 &

12



Demand Paging®l| A=

B I O|X| Xl =(Page Fault Rate): p (0<p<1.0)
= if p =0, no page faults
» if p=1, every reference is a fault
p7t 00| 2t 2 sfof &
B Effective Access Time (EAT)
= EAT =(1-p) x [memory access] + p x [page-fault time]
= page-fault time = [page-fault trap X 2|]+[swap page in]+[processXj A| &t]

B (0]]) memory access time=200ns, & & page-fault time=8ms
= EAT = (1-p)x200 + px8,000,000 = 200 + 7,999,800xp
= p=0.001 => EAT = 8,200 = 8.2ms
» 45 10% 0|0to = NSHEAT < 220)A|7|= page fault rate ?
EAT <220 - 7,999,800xp < 20 - p < 0.0000025 = 0.00025%
= H|O|X| &Xf & pE R =Xlot= A0 S K.
X o™ EATE 545 371 = U=

13



0.3 27| Al EAHCopy-on-Write)

B Copy-on-write (COW)
n fork()E AtEct T2 M A M A0 child process= parent process2t
Z 2 page S — page table L& = Al, page= SAISHA| @i &
i exeC()E =g [If ZAlcpage’t 22 QA &= =X E i 4
. 5 lL1I0I?<| =78 (write) ot CHH, ="H k| = pageTt SAte =0f £=7dgt
(Ef S0l 1)
» e ltﬂOIXI”J SAMEEE 22X 9l process 44
B Zero-fill-on-demand
= free page frameZ 2T M0 022 X% O] L4 ES X2 = &
» stack EE= heapO| 2t E| AL, copy-on-writeS =2l
frame °“:F Ao AFE

F

14



Copy-on-Write

physical
process;, memory process,
Before
modification | [ pageA
T page B |
» page C — ]
physical
process;, memory process,
After
modification .y
(Copy on write)
S — page B 1 |
modify

page C —T

copy of C|

15



9.4 1| 0| X| ' X|(Page Replacement)

B free page frameO| Qi = 4 S (over-allocation) 2| of & *H
1. multiprogramming?| BEE Y=
» TZENA SE EEE T2 M A swap out 2 page frameS oA gt
2. page replacement
B I O| X| W X|(Page replacement)
» free frameO| /O™
H 220 A= AHE S0| Ol page frameS 1 E{ SO swap outdtid,
M=E2 pageE H| 3 %l page frame2 £ swap ingt
= demand paging?| 7|£0| =l
» =2 HEZQr E2|H W22 =27} 2tdE
B OO|X| ux ¥1ZF
» WA CjAOZ MEHL|E= page frameS A-SIE ¥02|F
= Victim frame

= page fault =5 XA 35l= SN2 SCE MY

16



gO] x| M| 7]= 1}7E

B page replacementS L 2to| = & Page-fault service routineS &=
1. ClAZ0|A T3 page XIS %
2. free frame= &S
(@) YW, AAZ ALEH
(b) §i1© ™, page replacement €1 2|&2 AIE5IA victim frame MEH
- victim frame& C|A 30| HqEHSHD page tabledf frame table =
3. Z 93t pageE free framedf 7} 211, page table1} frame table =7
4. page faultZ} 23St instruction X A|&F
B free frameO| QICIH 2H 9| page M & Z Q(swap out, swap in)
B Modify bit (Dirty bit)S Ar-23t page ME& ZHA diH
= Modify (Dirty) bit — T|O|X| 7} M £ SS HA|

=3
X a

ANO =
= IHO[X] WM A[Of =&l HO|X[Zt 2AT|& 4=
« Io[X|e| |&0| ClAZ0f S o

M= _ 1. swap oulf
page?} HZAE|X| UUHO D swap out EZ Q ‘2<:§
. swap in

17



Page Replacement View

frame\ z valid—invalid bit

page table

®

change
to invalid

reset page
table for
new page

swap out
victim

O}

victim

swap
desired
page in

physical

memory

18



Demand Paging and Page Replacement

B Q4 HO|Y 70| 2Rt F /MK 8 €12[F

A7f H = 4%, 24 TEMA0|AH HofLt B2 frame

19



I

-
L
[

Page-Replacement & 11

n
El
@)
>
I
Pa)
10
o
AL
rlo
P
|0
L
r>—
0

» SEHEE HZE@OIX| 7t EEEl= =AM)0f| T A =S5t
page fault S5 ALt
» XX (reference string) paqg# %ﬁ‘set

0100, 0432, 0101, 0612, 0102, 0103, 0104, 0101, 0611, 0102,@03, (page3.7|=100)
0104, 0101, 0610, 0102, 0103, 0104, 0101, 0609, 0102, 0105

=» reference string: 1,4,1,6,1,6,1,6,1,6, 1
B Page-Replacement &1 2|&
» FIFO: 7t% @2l =l | 0| X| & 1A
= LRU (least recently used) : | 20| A2 E|X| &2 0 O|X| & LA
= LRU Approximation
= Counting-based : LFU(least frequently used), MFU(most FU)
= Page-buffering

20



7L frame $=2} page faultQ}2| 2|

B UL frame =7t 7t

St
=

=& page fault == 22

ARSI by

16

14 \

12

10

number of page faults

\

N A~ o0

3 4 5

number of frames

21



FIFO Page mA|

B 7}% @2)El page frameS 1A

reference string
7 0 1 2

(&)

-

9

EEIS)

()=

page frames

0

(O w]m]

BEEa

EIOES

(@[] &

=

(@ |=]o]

(M =]o]

(v (o) ]
o~

N

15 page faults

22



FIFO A ¥ 12|E - Belady B & WM 75

B (0]|) Reference string: 1,2,3,4,1,2,5,1,2,3,4,5
= 3 frames / process

1 1 4 5 17273!47112,5’1,2,3,4,5

2|2 | 1 3 = 9page faults

3|3 | 2 4

= 4 frames / process

1,2,3,4,1,2,5,1,2,3,4,5

111 |5 4

2|2 | 1 5 = 10 page faults
3|3 | 2

4/4 | 3

23



Belady’s Anomaly

B FIFO Replacement — Belady’s Anomaly 2 75

16

14

12 ¢

10

number of page faults

N~ OO @

1 2 3 4 5
number of frames



Optimal Algorithm

B Ui QS0 AFEEX| 5= pages WA
P 27| 023 (SIFCPU A7 |=E E2[Fd A
B2 UT2F0 HU SHOR A
reference string
7 01 2 0 3 0 4 2 3 0 3 2 1 2 0 1 7

7] 7] |7] (@) 2 2 2] 2 7)

ol |o| |o 0 4] 0) 0 0
=~ 7

1] |1 3 3 3 al 1

page frames
9 page faults

25



Least Recently Used (LRU) Algorithm

Bty 2 220 AR E (7HE 22 TO| Hx=%l) pageS wA

= E|ZO[ BAE 72 BlEie 2AK| = FF

3,
|

4,5

B () 4 frames: reference string: 1,2,3,4,1,2,5,1, 2,
1 5 | |
2
3|5 4 => 8 page faults
4 3

B LRU {3 =2 SIEQ E20| &
= counter — page table entry0]| counter Z g},
« 022| ZZ=0iCH clocks 7
« I§|O|X| £=0C} clockS counterZ = A}
= countergfO| &[4 9l page WX
= sStack — Ij|O|X| HT HEE stack= K|

to

1t_°‘tj

|

{

|

T

|

T

|

T

r

|

T

« Ij|O|X| &=0OICt, & X & 0| X] HZ £ stack topL 2 0| =

= Stack bottomQ| I{|O| X| 1l Al

26



LRU Z2AI L N2|S

B AtX H| E(Reference bit)
= 2 page entry0f 1H| E reference bit At2, 092 Xx7|3}
= page’/t HZEH, 12 473
= page’t AL E[= =A== YK 2.
» RZE|X| F2(EtZT H|E=0) page & SILtE MEHSIO WA

B 2EUtM EX H| E(Additional-Reference-Bit) algorithm
« XX HIO|E AF2 — X A|ZHOICF X HFO|E 2 shift right
/
VRN >

reference bit histo};l bits

(LRU) 00000000 < 01110111 < 10000000 < 10001110 (MRU)

27



LRU A 2 1E|& - 2K 7|2 &¥0E|&

B 2X} 7|3| (Second chance) & 112|&
» EtX(reference) H|EOt AL
» pages== circular queueE 713 (next slide)
» 0N = pageE =AICHE A}
« X HEZI10|H 02 MH. 7|3 & stHE &
« XX H|E7F00|H ST If|O| X| Al
s clock WH| &nZ|=0|2tn e &t
B JAME LRU ZAFE 2SS
= (reference bit, modify bit) A}
s 47}X| =t
(0,0) : neither recently-used nor modified (| CHAF I O X|)
(0,1) : not recently-used but modified
(1,0) : recently-used but not modified
(1,1) : recently-used and modified

28



Second-chance(clock) page replacement

reference pages
bits
0
v
0
v
next
victim * 1
v
1
v
0
1
v

N

circular queue of pages

(a)

reference pages
bits

0

v
0

\ 4

\ 4

v
= 0
1

\ 4
1

N

circular queue of pages

(b)

29



Counting Algorithms

B Counting Algorithm
= 2} page entryOf| = 2= A =F ?|T counter AtE
» xS 7|UCZ WM page B — RO AHEE[X| &
= LFU(least frequently used) Algorithm
= MFU(most frequently used) Algorithm
B Page-Buffering Algorithm
» 718 frame?| pool2 {FX|
» L[O|X[E TX free frame2 2 Q]2 20, He|at A|H
victim If|O| X| & C|A A HEtst
B =74 =l page-buffering algorithm
» modified page list §X|gt. paging deviceZ} idle [ OtCH = &l page
£ eSO C|230] MY > victim pages M 27t 9IS
» free frameS AIEIME pagesS 7|t
O| frameS MALEA|O| C|A3 QIS & EHRI Y3

30



9.5 Frame <&}

processO|| Al & & St= frame &=
= %A frame 4= — OF7 | &l Of Q|8 AH
= Z|Cff frame = - 7+-8 2| K22 2 7|0 2siM 27

(O4]) IBM 370 — SS MOVE instruction= 6 page O| A & @
= instruction is 6 bytes, might span 2 pages.
= 2 pages to handle from.
= 2 pages to handle to.

I Instructlon
........... ... | source
— =<
xgedels B
= fixed allocation <~ destination

- o

- HHE

= priority allocation

31



Allocation Algorithms

B o S3HEH(Equal allocation)
= IE ZZMA0A FE0l 2
(04]) 100 frames, 5 processes > ZF T 2 A|| A 0f| A| 20 pages!
B H|d = (Proportional allocation)
= T2 N0 3710f H25HH 2
= Let m = total # of frames, s,= size of process p;
allocation for process p;, & =(s;/ S) x m
, Wwhere S =2 s,

(0)) m =64, s1=10, s2=127 > S =s1+s2 =137

nok
o

al = (10/137) x64 =5, a2 = (127/137) x64 = 59

_I_

B M= =& (Priority allocation)

s T2 NAC| A7 CHAIO| priority EE= 37| Bl priority2| X8-S
AHESHY H|2 |2 AR

32



Global Cf Local Allocation

B ™MK (Global replacement)
» T E frame 2O M N T frameS MEHSH
s C[E ZZMAZEH frame= 7[H=2 = U2

B X| <A (Local replacement)
» ZZ2MAE XA S E frame T A A frameS M EH

B QHI™M O 2 MANHN 7 A|AE! throughputO| £

33



9.6 2|4 (Thrashing)

B T2 NATF S ESHpages & BHX| &£61H, page-fault rate 7}
O % = OrX|A| &
n T2 N AT swap-infoutdf| A|ZFS AH| =
= 52 CPU utilization. =>»
» 2G9N A 7 multiprogrammingl| HEE S7tA|7| 25 THEH =
» CFE Z2MATEAAH=O =T 2
» O BE2 page faults 24 =
= CPU utilization & 23} =l
(See next slide)

B Thrashing

« HIHSI page WHZE T2 MATFEHIEN™ O Z swap infout St=2}
|:||.ﬂ ALt

- O o



Thrashing Diagram

CPU utilization

>

thrashing

degree of multiprogramming

35



X @ (Locality Model)

B thrashing B/ X| & 2|5}
. D2 M 20H LT BHEo| frameS HZOf

B S A Ao X8 2E
» X|FGd(locality) : S22 )| AHEE[= | O|X[=2| Tet
» TEIH2 RINOICHE X[HEEE FEE
» ZENATEAE0 MEEA X|Fd2 ol
» XOdE2SEE = US
B thrashing 254 29l
= X size of locality > allocated memory size & [} thrashing 2f 44
« 2 AFEE[= IO|X[E2 25 M E2[0f X £ 27| I &Z0

36



— " memory address

execution timg ————»

34 it —Hf — ‘_i H‘ :
B R R TIT I|IIIIIIIII ”;Iii“"“' """""" 0 syl e I'f' o
Ll "'i - ,
' |
i P — "'i"lii"ii' mE Mﬁ
!|||‘|”“"| """" | '||t|h1|MT ” Ml g i|||” |||| oy || ||':||| """ Ul Iqu_
I_[.“ || I|1 T
! oy af IIH|| \ '-ll'i ”‘ : |1|| ||l||ﬁ |||| HI |||||11 |I|‘ |ﬁ| |‘| ‘IH‘ \ i
30 i||”'|'|'Tu'7L ,;:'||I! ol | |II ||| L R -
H mﬂ!”m ||‘H|||h”i|||”|“|||1'|H|||'|I ...;I.. Il “ ‘ I |||||I|II| i I|||||l||||||||||| ||1||IIIIH il
28
% -
B | ' .
! ol
L Al | L - I A o
i O g et e
[l '|||ﬁ||||ll||"'|”||"”'"'I"I""'””'I‘Ih' IM"HIWIIIH
22 |||IiIII|III|‘||IIIIII||1I|umnnIIIIIIHl! m ‘|'|||
i B 111 J """ |
bl
0 oo hic i bl . bl | : It
£ | e e o i
% I| - 1] |||| i | | ||I
S 18] . ||“||||1||'”""|’”|le||”"”||””'||H|i'||"||'||||Ilil m|uu|'|||||||||||:||IJ||H|FH||||||||||'||||||!1|||! ,,,,, L

— time
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Working-set model

B working-set window : A
» JO™E Z2=9| I 0| X| &= (04]) 10,000 instructions
B working set (locality) : WS(t)
» JHE Z[2O| AR Q| IO X| B0 S0 = M2 CHE page &t
= working set size : WSS, = [WS(t)|
if A too small, will not encompass entire locality.
if A too large, will encompass several localities.
if A = oo, =» will encompass entire program.

page reference table

A A
- > - >
f.' tg A=10
WS(t,) = {1,2,5,6,7} WS(t,) = {3,4}
WSSi =5 WSSi = 2

38
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Working-set model(2)

B NN frame @ 2F D =X WSS,
« if D>m, thrashing £ (m: # of available frames)
B \Working-set strategy

s fD>m, St EZ2ZMNAS ZSX|SI1D 0| ZENAC| page=S CIE 2
=1N

M A0 A EHSHY thrashingS &

|'6'|-
&=

39



Working Set X

B working set =X HiH memory

= J0F A[ZHZHA EO| Tt 2H|E T H|E ALE i A

= (0]) A = 10,000
« 2+ I{|O| X| OfC} 0| 2 2| Of| 2-bit history H| E =7}
= 5000 time unit OFC} timer QI HE
- reference bitE history2 S Al 2 clear
« XX H|EQ} history HHE & MOk 1H|EZ} 191 I§|O| X| =
working set0f A= A .

| 1** | *1* | **1

40



Page-Fault Frequency(PFF) Scheme

% increase number
£ of frames
=3
3 upper bound
o
[@)]
[0
O
lower bound

decrease number
of frames

number of frames

B Thrashing X| O gl Al
= "acceptable" page-fault rate &7
= If page-fault rate too low, ZTZ M| A= frame =5 = ¢
= If page-fault rate too high, ZZ M| A= frame =& =¢&

O

41



9.7 Memory-Mapped Files

B Memory-mapped file I/O
» C|23 S=(Exfile)2 2 2[0f = pagel| &
> file /0= EE9| 22| HZ2 2 N
» Ut A SO YRS =E|HoE Iruf AHEAZ
« mmap() system call AtE (UNIXL} Linux)
B Memory-mapped file operations

« Of A== open(), read(), write() A|AH == OO 22| H

= 5ot theatel
= demand pagingS A5 Y S =
n OOl pagead 7| E&£0] file systemOf| Al 22|X pageZ &15{ 2l
» AISHQ IS UMY = ESO HEE 2L = X
B O Z2MAVFLEO[X|E2 SFot0 42 oo fae =

42



Memory Mapped Files

Pty

o

ol =

Se

|| (= |n|o© wm

O ®

g 2

T 1T T 1T 1T 1 =
[ I Wl [l i b
I | — - — === ===- 1
I I i T 1
il e ey ! !
— | |

hysical memory

2
3
4
5
6
process A
virtual memory

-=|-»
__-._.>
e
L
1

L1]2]3]4[5]6]

disk file
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9.8 Allocating Kernel Memory

B Treated differently from user memory

B Often allocated from a free-memory pool
= Kernel requests memory for data structures of varying sizes
= Some kernel memory needs to be physically contiguous

B Strategies for managing free memory for kernel processes
= Buddy system
= Slab Allocation

45



Buddy System

B Allocates memory from fixed-size segment consisting of physically-
contiguous pages
B Memory allocated using power-of-2 allocator
s Satisfies requests in units sized as power of 2
= Request rounded up to next highest power of 2

= When smaller allocation needed than is available, current chunk split
into two buddies of next-lower power of 2

= Continue until appropriate sized chunk available

46



Buddy System Allocation

physically contiguous pages

256 KB
128 KB 128 KB
AL A
64 KB 64 KB
B, B
32 KB| |32 KB
S Ch

47



Slab Allocator

Slab is one or more physically contiguous pages
Cache consists of one or more slabs
Single cache for each unique kernel data structure
= Each cache filled with objects — instantiations of the data structure
When cache created, filled with objects marked as free
When objects assigned from the cache, objects marked as used
If slab is full of used objects, next object allocated from empty slab
= If no empty slabs, new slab allocated
Benefits
= No fragmentation

= fast memory request satisfaction (particularly effective when objects
are frequently allocated and deallocated)

48



Slab Allocation

kernel objects caches

3 KB
objects

7 KB
objects

physical
contiguous
pages
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9.9 Other Considerations

B Prepaging

in a pure demand-paging system, the large number of page faults
occur when a process is started or when a swapped-out process is
restarted.

prepaging: to bring into memory at one time all the pages that will be
needed.

if prepaged pages are unused, I/O and memory was wasted

B Page size selection

page table size } =>» larger page size
I/O overhead

internal fragmentation =» smaller page size
locality }

historical trend is toward larger page sizes

50



TLB Reach

B TLB Reach
= The amount of memory accessible from the TLB.

TLB Reach = (TLB Size) x (Page Size)

B |deally, the working set of each process is stored in the TLB.
= Otherwise there is a high degree of page faults.

B Forincreasing TLB reach

= iNncrease page size

= provide multiple page sizes
B software-managed TLBs

= Providing support for multiple pages require OS (not hardware) to
manage the TLB.

= Recent trends indicate a move toward software-managed TLBs and
operating system support for multiple page sizes

(ex) UltraSPARC, MIPS, Alpha
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Other Consideration (Cont.)

B Program structure

= demand paging is transparent to the user program.
however, system performance can be improved if the user(compiler)
has an awareness the demand paging

B Example
= int A[1024][1024] /[ array
page size=128 word
Each row is stored in one page frames

= Program 1 forj:=0to0 1023 do
fori:=0to 1023 do
Al0I == 0;
1024 x 1024 page faults
= Program 2 fori:=1to01023 do
forj:=1to0 1023 do
AllIIT == 0;

1024 page faults
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Other Consideration (Cont.)

B |/O interlock
s Pages must sometimes be locked into memory.

buffer /O

= Pages that are used for copying a file from a device must be locked
from being selected for eviction by a page replacement algorithm.

B Another solution of 1/O buffer problem

= nhever to I/O to user memory; Instead, I/O takes place only between
system memory and 1/O device

copy
user overhead | system
memory| | memory

1/O
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