CHAPTER 09

Virtual-Memory Management

(61 Questions)

01: What does code need?

02: What rarely the entire programuse?

03: What is Virtual Memory?

04: What are the functions of Virtual Memory??

05: How many ways for Virtual Memory Implementation?

06: What is the difference between Demand Paging and Demand Segmentation?
07: What are the benefits of Virtual Address Space?

08: What is Demand Paging?

09: What is Lazy Swapper?

10: What is a Pager?

11: What is Page Fault? What is its Attributes?

12: What is Aspects of Demand Paging?

13: Why Demand Paging needs Hardware support?

14: What is the performance of Demand Paging?

15: What is Copy-on-Write (COW)?

16: What are the functions of Copy-on-Write (COW)?

17: What happensifthere is no Free Frame?

18: What is Page Replacement? What is its performance?

19: Why we use Modify (dirty) Bit?

20: What is the Basic Page Replacement?

21: What would be happento basic page replacement, if we found a Free Frame? What if not?
22: What is the difference between Page and Frame Replacement Algorithm?

23: How to Evaluate Algorithm? \What is String?
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24: What causesif we added more frames?

25: What does it mean “3 frames”?

26: How to track ages of pages?

27: What is Optimal Algorithm?

28: What are functions of Least Recently Used (LRU)?

29: What is CounterImplementation?

30: What is Stack Implementation?

31: What are LRU and OPT?

32: Although LRU uses special hardware but still slow. Why?

33: What is Counting Algorithms?

34: What are the schemes of Counting Algorithms?

35: What is Page-Buffering Algorithms?

36: What is the possibility of Page-Buffering Algorithms?

37: What is the relationship between Applications and Page Replacement?
38: What are the major allocation schemes? \What is the difference between both?
39: What are the Fixed Allocation Schemes?

40: What is Priority Allocation?

41: How to classify the category of Page-Replacement Algorithms?
42: What is the Non-Uniform Memory Access (NUMA)?

43: What is Thrashing?

44: What are the reasons that lead Thrashing?

45: Why dose Demand Paging work?

46: Why does Thrashing occur?

47: What are the functions of Memory-Mapped Files?

48: Can we use COW for read/write non-shared pages?

49: What are the attributes of Allocating Kernel Memory?

50: What is Buddy System?

51: Mention the Advantages and Disadvantages of Buddy System?
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52:

53:

54.

55:

56:

57:

58:

59:

60:

61:

What is a Slab and the relationship with Cache?

Explainthe Slab Allocator?

What are the benefits of Slab Allocator?

What are the functions of Prepaging?

What are the considerations that must be taken for selection Page Size?
What is TLB Reach?

What willit happenif we increase or provide multiple Page Sizes??

What is I/Ointerlock?

Describe how Windows implements virtual memory?

Describe how Solaris implement virtual memory??

End of Questions (Chapter9).
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Chapter 09

Answer

el il 8 K13 oy S5 o iy 2580 01

(Error code, unusual routings, large data structures) ;p2aiw L 1 b JalSIb mali 5l 12

Adaill 3 SIA (e paiall (Logical Memory) dsilaiall 3 SIA Jad s 1(Virtual Memory) dxal ) 5814 -3

.(Physical Memory)

) i8N 5 SIAY Gailad 4

2l Jal e 3 SIA G 0 5Ss OY lisg el e s a8 (1

Al ) siall Aalise (e S ST (05 O S dahaiall O giall dAablia (2
lleall (o paall ae &S il ) 3 Q‘Lgo\};l:d\ Glabual mavy (3

elas J.’\S\é\_\jm: <Ll — (4
(concurrently) aaly 85 & el yll (e paell Joxdi (5
hlead Aobe ol daaat Ja) (e JB il j3e s DlaMl daline (6

oy e Bk (588 0 Wby A 58Y1 3910 -5

(Demand Paging) (a
(Demand Segmentation) (b

:(Demand Segmentation) s (Demand Paging) (= GA 16

Paging

Segmentation

(Physical) 423k 3as daihaia aa g Unit
L) padiuall el gy aodaind Y L) padiusal) el (S Visibility
(Fixed) <t (Variable) s Length
- " 5 S 53 Lhas
) ey 3 SIAl akada ’
el 8 (Memory ManagementScm.) Scheme
algam 23 o) sie (s (53 O sie
(One Dimensional Address) | (Two Dimensional Address) Address Space
DY) a8y dadiall A8 Jgdna ¢aclall Data
(Not easy) 4= S Protection
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sdal j8Y) o) gind) Aalows ail g -7

sLud¥) il A YA e ld g illand) (e 32l Al 534S i (9585 0 (Say (System Libraries) .1
Axal jidY) o) siall Aalis i (shared object) 48 _jiiall

5SIA AS e LSy cilileall  Jially 2

(fork()) sleiw¥) alai e L) dlee JAUAAS jidia () S5 Of LeilSals iladiall 3

G Cladall asly o il lgie o S5 58I 8 JulSIL o 5V 43leall ) 2 :(Demand Paging) :8

Ll dalaldl e 5 S ) Lealiag

Lealiag ‘";ﬂ\ daaall (unless) Ll 3 S Jal dssall (Swaps) Jaarty Y as Y (Lazy Swapper) ‘9

Sladall xs (deals) daladhy Al (Swapper) u=ilisdl s (Pager) :10

daiall el ) (reference) aa e sl b cdaica J) (reference) ga e <l (IS ) i(Page Fault) :11
aildea ol Jaadill sas (will trap) Gastin

(38 (B ) (b sl aasall) il AN Jsta e Gaay Jaanill G5 (1
g8 ) e deany (2

Alpaall Ga il Gllee e Y Jab gddaiall Joly (3

381 8 (¥ dssall (to indicate) selad Jlaall ai sile) (4

.(Page Fault) = Cas S Slapladll Jiais sale) (5

:(Aspects of Demand Paging) :12

380 8 Ciladea ) s lag Aalleall (Extreme Case) i saill Al (3
(multiple page faults) < Gladuall (1o 2321 I Juad 38 sllazall cilaidaill (b
.(demand paging) 1 4aladll (Hardware) s >l o= (c

:(demand paging) - Wiala g (Hardware) 1 3 j¢ai as2 113
(valid/invalid bit) ge dssall Js2s  (a

(Aalisall Jalss a5 361 Jaks) 4y 9 3 SIN (b
Gladedll J i sile)  (c
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:(Performance or Stages in Demand Paging) &3 :14

et A (Trap) &
ALl Al g preadl 3 Ly
.(Page Fault) ¢S (interrupt) 3 ol 2asy
i bl ) e Al (e el B jray
Aseaall can s jall Calls (65 o) (Y el 138 JaY Caall b iy (3
(Seekand/orlatencytime) = il (b
o~ bl Jdssall din i (c
AV Gpeadiuall (ans (A S all Aadlaal) 30 5 Ganadty o 8 Tl Alla A s Ly
.(I/0 completed) (I/O subsystem) =il (= (interrupt) e
A atiaeall Hleall Alla g Sl Jaday
o2 Al (e ilS (interrupt) ) el sasy
aﬁ\ﬂ\@u&\w\ U"J"J JJ\M‘W}M‘JPC—‘M 10

.dﬁ\ z:)néb.al\djﬂw;.m uﬂ‘\.ﬂ)ﬂ)ﬂ\&w\ DJAJJLJ.\:\ 11
Axkaliall Gilapdad adly Gl any ginaa dadia J s g dadlaall Al caadiial) O ad cp A3 sale) (12

(€ I NI TR

0w N

o4 (initially) )l (e senliid e (Child)s (Parent) Slleal =ews :(Copy on Write (COW))
A1 claiial

(COW) ) il

Laié (modified) iasall Ll s i LS (3eliS ST ilac oLl mans (1
.(a pool of zerofill on demand) Clséia (1w diaiaia K53 all Dladall dale (2

(Y G (Free Frame) 252 g p aic

Aolaal) Sladiall B e padiey 1
& ... (I/Obuffers) 55l e (demand) k) & Lails 2

Jlasid Al 8 B Gl (815 3 SIA (8 Ciladiall (e 2y} 4 :(Page Replacement)

:(Its performance) o
page ) Jeiil 4y 5 )l (page fault) 4eas Jaand Gyl e 3 SIA Ganads Akl 3 2k (a
.(routing
Ul Cilaiiall L Jiy 3 (overhead of page ) daiall Je§ L& (modify bit) alsiul (b
o= A ()4 sl
o 55 (S 5l a1 5 SIAN — A0 5l 5 ,SIAN s A ki) &SI G Jeadl) JaS5 (c
el Al 385 13
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A i) Uaaall ciladiall Lasd Jasy 3l (overhead of page ) 4aiall e i L& (modify bit) axiiey 119

o= )

:(Basic Page Replacement) :20

ol Bt e el dndiall a8 ge dlayl 1
ol by a2
leexdiny ¢(Free Frame) <llia oS 4 (a
LY (page replacement) 4w ) i ax3iun «(Free Frame) <l oS 11 (b
saal) IS s GIS13) (a8 ) (vietim) <58y (Victim frame)
OBV d g sdadiall Gt ¢ all Y JAb ) Lt o 2 el dndiall jlias)
(Trap) Jb oot Sl Gilapladll Jaa 5 sale ) ibul pdalladla ) Wil 4

w

il Cogud 653 ol 13) Wl 5 4eaiing (o sud (Basic Page Replacement) & all JdaY) jb g xie 121

.(Victim frame) _L3sY (Page Replacement) 4 )l s>

adiall Jaai 4a)) 3 HBY) panadifa ) i o AN 122
22 ((Frame-allocation algorithm) e
Aolee JS Jaad &l Yl e oS (3
e ) zlias A cl Y 6T (b
:(Page-replacementalgorithm) e
\xs (re-access) s (firstaccess) e (page fault) U Jaxe ol I Zlisy
4 5 (reference string) s3SI aal je (e (pae (Sting) e Ll Aol 5 4 )l 80 a4y 123
.(String) 4 <y e (page fault) #&_)

AL 4G gime Gl g eiladia §B ) (e 3 ke @ 1(String) e
(page fault) db cuws Yisiall s 8 (access) JSE b plall ae @

.Sl (page faults) = G 38 <) Y e ST axe il 124

Anlee JSTg ) ds 83 SIAN JAla () S5 o) Leie Uaiuly Ciladia & Jixy (3 frames) 125

.(FIFO: First Come First Out) 48 sivas aladinl G kb (e Giladiall el cidai glaivi 126
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Jshal A 33 il axaid o il Asdeall Jlaiuls o i 3(Optimal Algorithm) :27

:(LRU: Least Recently Used) ! il :28

Jisall (e Yy Aaaaal) 6 _jaall alasind (g

B e 8 5T 8 padid B Gl dadial) g6 s (b
Andia JS aapladin) AT cdsc 2 (c
(CounterImplementation) <bluall 2ai (d
.(Stack Implementation) (e

:(Counter Implementation) 4l & :29

Meﬂjcdsﬂ\ﬂlbd%@gfdjﬁm&stjc(counter)ésg)u:\hm&s*ads °
.(counter) J) e deludl

A (e 0 sSy dandl s jraa) Aaill sy (counters) o) il o e o 5S5 (lhdadall liailaic o
Aalisdl Jghaal)

:(Stack Implementation) 4l ali :30

ekl ) JSE 3 (Stack) Wlada A G L) e

(i) Sl 5 6 by / eV N 6Sy ) iAnialldnn 10 @
Adlle 14l 585 Cpaai dglee S

(replacement) H 22 0¥ o

.(Belady’s Anomaly) <l ¥ Al (Stack Algorithm) &¥ls (e (Ul L (OPT) 3 (LRU) :31

e £ J) Jla dd) ) dald B gl ) zliay (LRU) o o s 00 132

:(Reference bit) .1
(initially=0) «Bit 2 4& pednda S -
1 Gt bit s edadall g Silevie -
(35235 &) 0= bit ises je pedadiagldlaial -
:(Second change algorithm) .2
Lema e Jadiuin Al dsdall il g Jasiad Aelul) (ol bit 4t 3 e 83530 ¢(FIFOQ) 83e -
ey g 4l (it = 1) OIS 1) Ll 5 leasing Casud (bit = 0)
S8 Jdasdalld iy cbitOaa e opad  m
Do) Al iy o gen gall By g AUl dndiall Jay  w

Asdia JS i lag) jal a3 Al aal jall (counter) o8 e Lliall o 66 (Counting Algorithm) :33
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:(Schemes of Counting Algorithm) :34

.(count) Jaal e daiall Jlaiuls o iy o (LFU Algorithm)
e iS5 (count) sl alia daiiall il (argument) ol ol e s i(MFU Algorithm)
A daddiine (0S5 al g gad dadie Jadh ) S5 ) Jaiaall

B all @l UM (a pool) = Lila BliiaY) (Page-Buffering Algorithm) :35

(faulttime) die 335n 50 e 5 cAalall vie Flia Yl Gy =
.(free p00|) ‘;} :\Aha‘ib .J\.J)lwm (V|Ct|m) Ju.;:’} )Lk:}” dA‘J Sad ) i)ﬁg .
(victim) 2 i bl (o Siladic m

:(Page-Buffering Algorithm) J«s lidlaial 136

Al lasall dailey BleiaYl cJaisall (o m

a8 BaBh s (intact) el Jall JlaY b gaey BlEaY) cJaisall (0
ol (e (5 AT e il sinall Jranl ling ¥ e JATS e Anlatinl JB dlias jeinef 4 -
Ll (victim) el sl @llia oIS Ja el Qi 6 3 o Sde -

:(Page Replacement) s (Applications) cw 483all :37

Aniall J gea s Jiies (e (OS guessing) <lliai e ) ) Al 028 ares o

.Jazail 48 e cllici (applications) J) s o

1z (buffering) s o) (S« (applications) U4dsall 3 S o

.(applications) 4 Gk e 7 s Al s (ol () sile (3] Jam ) dlSaly Jrlilll ol @

:(Major allocation schemes) (i) pamadl (uhhia Ly 138

(fixed allocation) <l apaeds -1
(priority allocation) 4 sl Javass -2

:(Fixed allocation) <) gauaidl) :39

Gl Y Ganadd ay) ) 100 Gia IS el e JUa:(Equal allocation) s s pavadi o
el 20 ke ds‘;k.’_\.u llee 5 (d.uu.ul\ eLLuJ
Auleal) anall@s g anadilly o & i(Proportional allocation) (s pavads o

el e Yy 4 o Y1 L axii i(Priority allocation) 4l sl yasads @40
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0 ) (Page replacement) <l i) s ciial 141

:(Global replacement) s -1
AV e ) 330 ol ki dlee JS () JhaY) US G de sana o Jlasiad ) s dglesl)
oS S5 aling o) G ) ISl dleall 2di ey K1 m
o gad ST g 1A 4pals) Sacly  w
‘(Local replacement) (Aas -2
Haadiall Y1 e dualall die gane (ol ia Llee S
Aolee JS oldf b Ll S m
.(underutilized memory) dxive pe 3 SIA &Ly y KDy m

{(NUMA: Non-Uniform Memory Access) :42

Bball a2 e Jpadlls SIS OV s o
(Varies) <ilias 5,81 ) J sea sl de jou — (NUMA) siind 35S dakail @
381 Ganadd e b (Optimal performance) i) ¢ o
‘(igroup) sLuib &b g (Solaris) Gk oe Wls o
(latency groups) 8813 (=lissl / CPU aaildlSn o
(my schedule and pager) plsiul o
Igroup (resa Aaleal) A1 3 SIAN IS Ganads gdleall liads JS A a4l e o

(swapping pages) zsoas Jsa S sde oS 4ke & (Thrashing) 43

:(Thrashing) ) 58 Al il 244
() o=ddie &y S jall Aadlaall Bas galadind (1

Al aaida ) ) glisgasl B S Jaedal Gy (2
Al N dilae s Aldle (3

(Locality model) (A>s z 3541 4Y (demand paging) -} <& :45

Al (locality) (e saled sl zomiddenll o
Jalxi 8 (Jocalities) o

B84 ana £ gana 98 () aaa ¥ (Thrashing) e a5 46

.(page replacement) 4l yiulae alaainly jlidaadl o
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:(Memory-Mapped Files) il :47

sy Jsa s S5 L) e Jalag b 21 AY) 5 Jaa¥) ild e (Memory-mapped file 1/0) -1
S8 Adaia ) (mappeda disk block) ddawl g <lld
(demand page) I alaainls | dlall 8 Gl -2
Al i Aaien ) il Uit e Gl (e dniall pan s Bel i
gle Jsa 53 SIS mllaall Caldd) o s ) BaY (iS50 3 m
Aail) Slele diul (pa Va3 SIAN IR (e /0 Dlila 82LE Aol g0 el ) J ga 1) g oy g Janisy -3
.(read () and write())
AS Jidia oS5 b S 8 ilaiiall plendl y calal) (s Gaatl Cililee 3am) byl ransy -4
(standard 1/0) Ja¥ (memory mapped files) aaain Jiaiill cililas any -5
AS jida Huall Oladiall UK 4 3¢ jal 4aladiul (Say COW -6
AS ikl 3 SIMll 4sladind (Say (Memory mapped files) -7

AS il jpall Giladiall US4 36) 8 (COW) pladind (S 148
Kernel Memory uamaidl pailad (1 149

axdiuaal) 3 SI3 (pe Cilida IS0 ey m
(free usermemory) (w 4sapadiai Llle =

Oe Al Sl anall ¢ e 08 SN Garadis & & (Buddy System) 150

.(physically-contiguous pages)

)45\4&25 ‘_;\:u;)u 3 praall Axdadll fpe daddiina aall ;U;“}I\ tAA:\:' :(Buddy System) <) jaaa ng\ ‘51

(fragmentation) s 4 3a3) :(Buddy System) s 3l

(physically contiguous pages) il i 5 daie daiia (4o JSI f daiia 8 (Slap) :52

slaps (= JiSI d slap o« <allis (Cache)

:(Slab Allocator) <bew (s :53

by daad sl e

bl AT ilalas (e 5 e 4 5 (objects) = ssles (cache) JS o

(free) S g 555 (objects) - Lxi (cache) sl sy Laric o

(used) S g 5 (objects) 4 33 ah Al Laxic @

slap L85 a2e die ¢ Jdll slap J) (A 4anadi by Wl (object) I G4 (objects) = (i slap oS & o
A slap panedl b 4ils & )

Y] L Ay o) 5_SIAN 525 il ane i Sl 0
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LY bt Ay jull 3 SIA 545 il aae el (slap allocator) 1 g 154

:(Prepaging) &) uaikad :55

sl ke e daas Al (page faults) (e 3onSl dlae V) Jlal -1
Al g sl ket of Q4 slladl dleal) il Gany S Prepage -2
Alaga 05533 S5 1/0 s4asdive & (prepaged) I Slaiea i 5l Sl -3

Aadial) aan JLAAY WIAY g (considerations) < _kis ) dlia

(Fragmentation) 43l (1
@y (3
I/Ooverhead (4

(page faults) 2= (5
el s TIB axs (7 Locality (6

(TLB) &= Ll J s sl Sy (il 3 SIAI jls3e 58 (TLB Reach)

Aadal) aaa Baly
pSdaiin aaa i il JS o Wil LS 25 5al) b saly 1 ) o bl @
Blie Gladia alaal 6

Aol Bl e (e agel il dua @l ST Ciladia alaal alhdi Al Glighill e @

B3OS dals b @l jall Gy (A3l ) S5 () g Dladia 4 :(1/O Interlock)

a8 5 SIAL 5paiy ol AL Adis

- iblad Gladall & pass Clustering .(clustering) <le saasll as demand page a3 @
(faulting page)

.(working set maximum) s (working set minimum) (e leiual ab Glleall @

23Sl ‘_,,AUJS:’JA_UMA Ossa &d\wa&m}\ e ‘_,,JA:Y\ el g Workingsetminimum e

.(workingset maximum) (| Sladall (e 2aall 8 lgiual ah o) (S dsleall

(automatic working set trimming) «(threshold) s pUaill 83 jall 3 SIAI jlaie médiyladic @
Bl 3 SIAl AaS BalainY o2udis oty

their) Jsad S Gladia dllad Al Glleall (e Gilsdiall Caday o & (Working set trimming) e
.(working set minimum
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) j8Y) 5 AU Solaris Ldl AdsS 161

(faulting) Cliles (pa2il 3 jall Cladiall Gedaililuas aly @

Lotsfree— threshold parameter(amount of free memory) tobegin paging e
Desfree —threshold parametertoincreasing paging e

Minfree— threshold parametertobeingswapping e

Pagingis performed by pageout process e

Aclulldae )l A& Jaaat aladinly Gladiall yasdly o & Pageout  ©

This ranges from slowscan to fastscan \easd Al Slaiall Jus @ Scanrate o
Aalidl s jall s S jlaie e salaie Y Gal) (e S 8 oo xivi Pageout o

ladiall o S Aadleal 43 4 V) sy Priority paging e

END of chapter 09
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