- Chapler-Q: -Hain Memory: -/ fork. Gre

ot hdien: progam ko 'de fun, i must e brou%h‘c (Brom disk) n¥o Memor\\j
ond Q\&Qed wWehn A Process.

. CPU @ diechly  access the main memory and registers only

. Kegister acccss. n one CPU Clock C of less) . -

. Hain memory  Can Huke many. CYcles, cuismg Sall:

o A par of basse. and it regrs}érs defie the logical addVess space.

. CPU must check exverd  memory  agcess opnerred in vser wode to
be Sure i 15 between base and limit . for ot dser.

\ Programs 0;') O/usk reao{g lo be bmagbf mfo memorfj Yo execate from
oan (nhpd
L must be focmlecl bo address 0000 withoauk ouploorl—

o addresses represented d Mevert WO\HC) of ol Heerent G’raaes o? a Prc@fqn

ife
_ Soeurse . Code address usially §jmbolic 2
COMP\le,d code addresses | bind Yo felocatoble adolresse,s

linker or \oader W bind felocatable odc‘resses ko clpsolure

addvesses
_ Each bmdmcd maps one. address Space Yo -
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0 5\‘09% of oddress b»‘ndmg of nshruchon ond Oata o WEWUrJ
Laololressear
Hiii = Comp'\\ﬁ \"‘tYY\e,‘. \Q, W\emorﬁ locabion  wnown pﬁori/ absolute.
Code  con be Oéev\efaf ed.
musk recompile code ﬁvﬂrmg lo cation CW‘

~ Joad Fime : Musr Gpnerake yelocalable cde i memory
locatkion s o Rvown ot @mpite ime. .-

— Execubion fime.: E;:ndm% delayed 0Pk - run Yime 1} the process
can be woved diving its execution from eimary

- Segment +o Onother” o o0 _
Need hardwore &WOYF Jor addlress mgp%a&;@gﬂ (.‘wur}

| o Lagical acldress s gjenerd}edbd Je CPU (or/ VMM. OtO_UYess) {

e Physical ~ adldvess: “address. ceen by the mewory O,

« Logical and Physicad. odclvesses e the (SOU’;’;&»m ~Cémpile"rime, 1
and load-kime, aoldress—bmdwd 8chemes. they differ n execdion
Yime oddress— \o\vxd‘mg Sdhemes. :

o Logical acblress spowe: - the &k of all logjical - addresses @nefafe&)

‘ | ba o Progrom. i

o Physical oddress space: the sekof all physical addvesses
generatec) by A roghram

. MMUCHemory - Marogement Unit)- ordwave. device thhot ot Yun Hime |
mops \irtuctk o physical oddress -

ST SN - o e o 3 =TS
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o Base vegister \can be called relocation register - cohen 0dduwng) ks

s SenY o Vhe,mc:r\d- | A

o The . USer . Progirom on\td deatls with \ogicaJ asddresses:
Ly — Erecubion—¥ime bmck(r% occurs hen reference (S made ‘o
lo cakion m. memovﬁ }

— logicad - adolyess . pound o )Ohytsn‘caladolresseé.

o Dynowic e vepcakion Usng a velocattion fegfister. -
Ly — Kowkine & vot |ooded ontil Trs called.
_ Petter memory - Space.  uilization, Unuseel rukine s never looded.
—all youkines \ﬁepl’ on dik n yvelocakgbte ad Format.
om0 Special - Suppork 15 reggiredd.
o implemented Horough  program  desgn ,
- OS5 can help Yoy providing [oraries Yo wmplement dynamic leading
— Useful  when large " cmount of code ore needed Yo handle
ih#requenH\y occurima Coes. SAWALS A

_ Static Lx‘nk;r&cj L stem Vbrovies and progrom Code . Combined by the
‘ Looder into “the b‘mo\v‘% Progiram - image.

ﬁ Conpider _applicability to pakching System \ibraries (Versoning may be needed)
~  Dyraric: Linkiney: livkng 1 paskponed. gntil - eXecahion ¥ime..

L; Particularly uebul for” librayies. fooum o5 Shored Lbraries
— Stdb C Small piece of Code) s y o

b-usecl bo Jocede dhe oppropriafe. mmorg—re&denlr libmrg routine .

_reflaces hielf with $ne address of e voukine ,and erecutes it

_ O Checks r’a&}t‘ne iS n ,VroceaséS’ menory ad»c}-fess,_\[f ot
in_address Space , it will be added i}
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— A process . can be  swapped }w;mulﬂ out of memory to.a bﬂding Store,
and hen. broughk back who memory for Contiryed -€xecution. -
Total physical memory Space ok proceses - can exceed ?h)b'caj mcmorj

— Backing. Store: fast disk lorog. €nough to  accommodate - Copies of

24 el wemory. Images- for all users. iy
L must provide divect acess fg these. memory- mages.

— Kol out, Loll in == swappnq variant used for pfmw-bﬁed Sdmduhhj
al9orithms
leuerfpncri-}g proceses 15 auapped outr 8o hgbir' fﬂ(rﬂy processes
con be loaded and etecutted. | :

— Major part of-Swop fime -1 dromster:4imel
_5 total Hronster fime 15 direclly proportional othe amowt of memory

=Y 5’151'9171 maintains o ready-uede of ready to-run Processes
which have memery images.on Gisk. .

_ Swapped -ouf Processed- do yoi pead Jo be swagped i _smto Same
Dhysical address, 1k depends. on addresS  Bndmg me Hned.

_ Contert Switch an e ¥y ighn & rext process. ¥o 'oe pukon CRU
1S nerin PEmory.
Ly Can reduce o redue Size & memory sumpped

—

-~ 4 - — i g7 Lo "z > 1 § - g Ao
L D Rciting - o mEICn” yneimoryg (E24Y  Dovic 400
e J -~ J

~ V [ f p
, _ Stem als e morm OS5 of mesory U,
| ) requey_,mm (3 Drelae mEnorY A

3 s 12 3T
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C %ap}er C’l Ma)n //emord / Par ¢ ,'HUO

. Swopping  Contramts:
ol Pehdnf\% \[O _ .
L Catt Swop. ouk as MO wald occur Yo uongy | Process.

- always transfer 110 fo kemal  space , 4hen 1o N0 demce(doulyle_ >
L, aods overhead. buffering

Standord dwam'ng ho’rused N modém.OS ( SIS VHPEED)

o Modified vér&on of Suwapping - &mdp Onlg when free memory
| extremely ' low.

o Swappingy - 0n mobile gySems
Ly _ wnot Npically  Supported [ flash wmemory buseel )
 Small amanf of space . limited number of write cftles:
o Fookts Hhroughput | between - Hash--memory . and -CPY o0 obile. atform

—

b uses ofther methods er free me}ndrg \lEL waded( \ow)

. Hain memory must accommodate koth the OS and Yhe Various user
processes, So Yeefore we need 4o allocate it n yost eMcient QY-

. Memory 15 divided wio two porkiyons, one for Yhe vesident OS ond
one Sor Bhe URr ProEsses ' = ao

. The O3 (m be y)aceuj M either low or Nigh memory. e woor Fact
a‘??ﬁd\m& My decison Is Yae JoCakian: ok Ye wterrapl veckor .
—5 he nterruph Veckor 5 Fren w low wmemory, Hhug e 0D

5 usually held 1 low memory. —ythen User Processes ore neld
n \(\\%\n memory
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o In Conhguoub memory allocakion, each process 1o (orkouned M 0
dnle  cnFguous  section of wemory.

o Kelocation registers used 4o P{o”'ed' User Processes Prom eaCh
Otrey, and . §roma Cbangmg 0S Cade andl dadu.
l—) — Box CeRither - ConfoinS value. of  Smadlest P‘H\{S\Ccd Odo\YeSS.
— Limir veqister * conYauns yange of logjical addresses
. [ each logical addres> must be less Hhan Ahe limit: register]
— MNU maps  logical address dyvomicady.
— Now ockions can be  allowed- o VR
ex: kerml vde be/;g transient  _ kernal chmjhg Site
e Vf_ved.sPOY“’r‘)‘r\on% ' . ‘
e Multiple - partition - allocabion:  memory 15 divided Yo swvera) fied —Sizes
PaytitionS, Each  Portition may ntun a(acHB one  pProcess
—> the cdlegree o ma}f')programm'vg s pound by e nuim ber of
Rartifions. _
artition
o When o PrEEESS 8 free, o process 15 Selected  From e wpulr Sueue,
and 15 loaded into e Free porhton -

o If Hhe process s terminated , s partitions bewme owaibible for
Lo\—\ner pracesses. Y o

Lv Fixed - P»ar.h‘%*ons

. Fired—porktons 15 1o lager used, Varioble- Porfiion Sizes \s now :
used For eggxc,ienad L Sized 4o o guer Fraccs&' needs |

| Ao Hole: = Plock - of Q\Iaj.\ab\e emory
> Holes: of variousS Sice ore Scathered | Frrougfoou  memory.
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o ’In:’h‘allg , ol memory 15 awailable Cor tUser Processes ond amsidered s
ONe large block of ayuilaple wemary .

s Whn q process amies ik 1 odlocated “memory o holes large enougyn
to . accommodate . { ~

o Process. exshncd brees iks /Jarhh‘oh .

o Operating System mountains formodion. abour: -
- allocated porHikons _ Yree porkkons Chholes)

o Solukions  For e Nnamic Storagee ~ Allocation  probolem
— Frdr-Fib o Alocake - Ave Birsy ole a1 bigy enoug)hy .
~ Regk =Sk Allocake Yne  Smallest hole hat 1 bigy enough
“Must Search entire [ist, unless ordered by size.
— Worsk - §i¥: Alocdie e \argest hole
Must  Search entie fist / pmdu(es the larges | leftover: hole.

o TakeiBit \cunchrleporishSibe e Heveribhaa worsk- 8} sotsimrms of
S\Deed and Sroro@R  ukillizakion

o Exdernal Frocymentaion: Yekol memary Spuce. elsts to Satishy o
requesT. but 1t 15 1ok Gontiguous.

than  request memory

> Internal Frogymentakion - allocated memory - medj be - Slightly 10\,\3@
Ctrs Gze difference 15 memory Infernal %ﬁvﬁham b vof *’ﬂ"ﬁ M

¢ 56- Percent fcde,-. _ S |
Firsk-Ck ano\s's vereals 4hat Yven N blocks allocated , 45N
blocks losk to fregmentatio. (I3 may be unusable
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~ do \0 oy wio 0O butfer]
( o Keduce external fyagmenl'a}/an bg Compaction

\ L- Ohuffle memory contents 4o place all free memory together
\ N ore  lorge  block. . .
— Compaction |6 poesible only & yeloczthion s clynamic , ond
AN done  of execuhion +ime.
— MO probem : _ latch Yob in memony while 1+ 15 miolved i Mo
s Begmenl'a}ion: a memorud—marlaﬁmen} Scheme Jhat redtees Supports
User  View  oft memory.

o o Proyroom 1o o Collechion of Secaments

L, o Syent 1S o fogjiced tnit :Such . oS+
— mwun progrown. - procedive . funckion .~ method
- Object _local / flobatl yariables - _ common block
- Symbole +abe - ayrays

o Oetyment Architectire
Lig L» Logicet)  address Consisks of a two quple i &f)mn\'_vmumber,oppr.ﬁeh
_ Seqynent foble . mopd Ywo-climensional - physiced  addvesses,
each lable entiry wos: _
o base: Contains e S’rar%-m% PhyJICaJ address  where He
“Segrnen} veside In memor.
o limi}: Jpecifies: Ahe lencith of Fhe Seqpmend.

o Secyment- table base refister(STBRY: poinys  he  Segyment
Laple's laakion n memory.

o Secyrenk -table lergth recpister (STIRY: indecdles dhe number
ok segmenl- Used }7& a preyom.

Legmm/s number § 15 el f 54K STLR
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Chap*er q : Mdin MeMorg | Part Havee

o Frokection - with each entry m Segment Jable associdle:
_ validdhon bit =0 = i)legcd Segmr)’r.
- Vead | write | execute Priu:'lcges.

| _Q_Prohechon b} associaked w/%h Seqments code SM@ 0CCUV
at JMI'L& }6{/6/

o Memory edlocation (s a,o/ynwyu'c SJUm«ye- allocation pProblem, be ccusse
de@men# vowy i lencith. g e ok spn) o
_ peging
o Physicad addvess space of o process can be noncontiguous
Process 5 allocated 4o phsical memory whenever it 1> awedlable
—y Hhis will help ;s Avoid externa/ Pragman)'ahom
o Avoicl problem of varing Sized memory  Chunks.
Note: we. shll have mberncd ﬁragman%aﬁm o\ariob  p
o Frames:  divide  Physical ~memary into Fined—Sized blocks. .
_ Size (5 power of 2., between 512 bykes and 16 M bytes.

o Pages: divide logical memory infe blocks of Same Size .

# keep track of all free Fromes
# . loodling - o pirogram of \ize N pogges; need Jo Pind W free Frames.

o P fable: used fo transldre lég.‘ad fo phyoica/ aiklressas,
o Backing  Ghoe likewse St info pages.

STUDENTS-HUB.com Uploaded By: anonymous



o Address %enera)red b3 CPL 15 o{iwded into -
_ pagke number (P) : Gsed as an idex Info a puge table that
(ontains  pase addyess of each foagje. in Pb\/bica/ mcmvt

_ Pace offsek (d):  combived with base address 4o dedine Ihe

Phyical memory address Hhat 1s sent 4o He memor o um
page number | - page offset

Pl d ] i adkless space 9™

-0 . and page Size 2"

o fage {able-a‘ L5 ¥epk N Mouin meniory.
o Poge- table  base register (PTBR) point>. o e page table.
o Page -table length register (PTLRY mdicttes stee. of $he. pege b

¢ every datot / instruckion  access reguires +wo memory accesses
Q? One for Me Poge tobe  and one For e data/ mstruckion

Con be Sdlved bc‘f the dse oF a sfecial fast- looKup hardwore,
Cash  called. associative memory.of Ertng)ation \aok-aside bulers
CTLRs)
o TLBS
|y, — Some Srare address- Space dentifives (ADIDS) in each TLR entey
oniguly identifires each process to provide address space
.Pr‘ofechon For that \)FOQQSB./ otherusise - neecl dy Pl at everd)
Contexy: Swijch |
— Hpicedly Smed] (6 $o 1,024 entries)
_on TLG wmiss, value 15 loaded into dhe TR For  Pagher aess
next time

o Replacement policies musk be Considered.
o Som evﬁri&j (N be éébsln wired C\OUUY\ co\' W\Y\QY‘QM'

fosk  access
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o for associokie memory, \f @ 15 1n associodive reju%er ,ffje}' Prome # ot
Otherwise ook Prame #. from pegre. abk - wemory.

: Calca(a}i@ Miernal [fmﬂmm;aﬁm,_
- P e = 9,044 Joj‘}cs
= Process Size: 12.F6¢ byres.
G 25 pages |68 byres
- Tntornal Jragmentation of 2,048 -1, 086 = A0 oyes
_ WorsY Case pmﬂmgm‘g,/-/on = wl ﬁmme’ 'b(\ﬁc
- On awerage . Case. Aajnm,eooﬁon =Y. Pam 6ine

_ each 1oge Lable @ﬂ/'r(j dakes memory Yo rack.
. Page Jizes ‘jrow'lrg over time.
—Process View and  physical m\«:nfmr(yd’éﬁ6 are dilferent

- By mplementation process can only access: its own wemory.

o, Nssoc iative A\ookup : b bime onit
L, % < 107, of menory accesd time.

o/AHit ratio :percm%age of times Hat o page namber 15 faund in e

associative. yegisters Or Ratio velated +o number of  associhve
)’&3’:157‘673 X '

o Exwﬁle: Consider &~ 207, , 5> WOns Par TLB Search , 100ns  Por
memory  0Ccess.

Effeckive access 4ime CEAT)
EAT- A Hmemory access time ) + ClL=of)x Mentory access +ime)
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o Hemory. Fratechion: implemented by asociating. - protection bit with.
each lrame do idicde 1 rectdl=only or read- write aess ‘s
\ olowed.
> wore bits can be adlded do indicate prge execute ~anly. and go pn.

o Valid-Invalid bit : v akached 4o exch entry 11 She. poge Joble 4o
L indicate:  _“yalid" : wdicates It the  dssociatec page
Or dde pag-table Is in 4he  procesy logt'ca/ oddress (g/ﬂacc,a,nd
fength vegister (FTLR) 1 Hhus o leged- Page.

_ invalid ¢+ indicates Hhak the page s not in he,
ﬁfowss' /aﬂ/ca/ addyess Jpece.
o Anj Waoviolations: resulf mn mh’ap o 4he  kernal
: acessee] mony dimes
o Shared @de: One opy of read-only (reentrant) cade. Shared along)
Processes Cie: fext editors, Compilers, windaw Systems )
Similar to multiple threads fharing) 4he Some. protess space.
_Useful For m+erprocess Communication If Wiwg of read- write
pedes 15 allowed. =« 4

o Privafe  code and doto: A ,

Ly each process keeps a Separate Copy of fre code and datou
_ the pages For the pr/‘vdfe code and data “@n. appec
anywhere in 7he  logicd address  spuce.
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. i/’lap}er 92 Main /famry A /Ua" / /ad/

» Shacture  of Hhe page boble A

i Hemorﬁ Stractures For poging can ek huge uoing 8t rought—
porwarcj method.

— o Consder a 32-bit logx'Ccd address Space a5 on Modlern Fompu’m:
o foge Size of UkB( 2 s
o Pege table woud howe ( '2-32/ o) entries
o F each entry 15 Hba’res; U MB af Phyaica/ address dpoce /
memory for Poge  bable - alone .
—y Thad  cumount of memory used to cosk o Lot

_Dort wont b allocate hat cvnhguom((\j I ein memory
o Coulel be  bired atsirgr

- Hierarchica ﬂ”ﬂ/ﬂj’
- Hash page  tables
_ lwverted poge tables

o Hierar chical pagieg page. bable _

L, - Btdack preak ap She. fog/cw/ address space nto. multiple Page beble
_ A simpe techique & o fwo-leiel fode  table.
~ we fode the page toble.

0 H&She& Page tables .
L, _ Commion I address SPoces Y32 oiks el
_ TThe virlual  pagge number 15 hashed into a pooje. £able.
~ e Ppage bable anfams a chan of elements h“c’h"@ to +he
Some  location [(enfnes ") e
_ Each dement m Poale Loble  aontains :
o the uivtual page number .
0 the  yalue ot e maﬁ?ﬁd page ﬁrame
o a pointer to the next element
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» Virtual page numbers ove comecJ in this chan  Searching

or a  mafch
| L> f o wakch 1S Bund , the COVV65Faﬂd/'n3 fb\/jiaz[ ﬁmm 15
g extragkedl. | ot

o Varation for €4-bit addresses s clustered - foge Cables.
Ly - Similar to haged but each entry velers to Stveral - Pagles
( such as 1§) rather  than |-

— Especially asehul for &parse. address ispaces ( where memory
elerences  are non-contigus and . scatfercl)

o Lnverted fecke  table. box
Ls, _ father thaw each procesd haw:ry o proje bable and Keepingt
Lrecck ot all possible logical  speee poges track adl - Physical

\ Pages. ) ,

~ Ore entry For each veul pPage of memory.

- Enbry @nsists of +he virtual  oaddiess of the  pace Stored
n the real memory Aocation , it information - aoout  4he
process Ahat  owns Yt page .

A ™

_ Decrenses memory needed to Shre each page table, but
ncreases Lime needed 4o Search the teble when a page
velerence occurs. :

Cdse hash table Eo limif 4he. Seourch fo ane—a} ajm,g fou =
page table entries.

[—7 TLB can pccelerate  access.

_ How 4o implementit 9

L5 one mappnd of o virkual oddress to $he Shoved phy sicl

address _

L — T RS et
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