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thal are veguired for the opuah'ona

of Cfcc-honfc devicer .

F-o2t0a U&uale cheapry in ferma
of per unil bogia  but while Comparin,
on-he "bosis of S'IU!CI_JQ capacity

expenaive .

8. Typys of Rorl are

- i - — PRoM
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Itﬂ Transiaty r ON and QPP"!"“} an appm[nrn fe e

i

o The bit line
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[+ SRAM 1A an on-chip rne:rnorj_ i P While DrAM 4 an of f-chip mnemos
Nhoge

access Hime js Small. " Rhich hag q MLgc access -Heme
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- To read 1he Sale of Jhe cell, the word line 14 achivatd
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+pplicotinny of -flash Hemary

-—D?af-lal cameeas
—cell phontd
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— The cache T4 a Small and \m.v Hfasl memory, 1devconneeled between The
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'& i
FTCACHE MEMORY

processor and fhe maiamemory -
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{ — TThe cffectiveness of this approach 4 based on a PI'OPf-dj o Computcs

ProfJrams  caled [Oailﬂj of veference

Processor Main
| cache
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~ When -he procemsor "Wuer o Read request , The conkenk of @

block of memory vovdA -cUn-la?ni’rH “lhe location SFCCH{CJ ase
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-
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Blocks orc plated Tn The cache.
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[*_CL‘}_{. Block (27 J Rlocl .55 .
———— 1 . Dirad uan-lu"E;
‘ __Blocicas! —_—

BlociL 157 111 74 not EMechve
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Ascoctative and direct mapp'rga,.

2. Jahis, cache 14 divided Tnlo a no.of Seks’, each Set contdining
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3. Each block in Ha'in memory maPS‘?n‘I—O one sel in catche memorg
15 Similax 4o Thak of direct mapp:n\) .
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bj virtual H(‘mol\‘j 4t(hnfjuc,
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) Store .
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) Faa.’r\j r_ . i

i

[. 14148 a Non- conHUunuA allocafion -

2. opcm%ina System Jiving $lluaton Tothe vcer Such thal
Usta can wrife a vey big proJ.ézm. , uter Thinks thal entive projram

14 preseni in RAM, All 1he Space allocated -lo the ULsed Ta fonh’duau,{-

But vealify omj Small portion of prt)ﬁmm Stored in RAM . which may
o1 Moy not be con!iauauﬁ, remala Wil be SHored 1p SC{ondQ;j Hcmo.\y_
3. A Compolts can add more memony dhan <lhe amounl of

phvb‘rcauy intlalled on SUSlcm . TIhis  Exha memory fA called

-~

th .1
Vittual memory

’
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Pﬂ‘J‘nj -!t(ﬁniqur (;ll\ he r‘on( in _'%_g{fp( ‘ s :3*‘
% ° » ﬂ({(‘ cAL Sparle, i I
Shepl - Belose OernJ logical Mdyeas «Spate with phyaical ' " g
‘°a7tﬂl addrert  gpace fs divided info ejual Sl3c of pUjes- ™ 1
[ . {
D Liz3e = KR

[Pefautt_page Siae - 4¢5 5
Ioai‘m{ Add «spate " g

| pasen ] cloved info Page table
P“3°°]<—~ KR dl Al PQ%U, ave Slore ﬂ i
' ’ e . aloma With Page of4Set 34
[\1361 l
I = | |
Wit I pagene | pageofis( T
= .;*_:> paged f 4002 ' 2
| 2
pagen _ l1 5 | . '

pagen | 5040

|
Virtual Hemmj .P&ae ma{) bl |

Stpr - he Gize-of process Can be measured in no-of PAges

V‘S?m"lulj Main memory divided i Small Sixed blocks CphjdicalljJ |

' 39
called Jramu - _ | 2

j o
S'ze of the Hfsame - St3c of Pa—jtl
' : 24
phyafcal - Add-spac 2
Frameo0 L 41<R _V

' Framel
. Framez. !

i} I

I’ 2]

Frame n
Malin Hemory . fia
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Demand: paging -

* Khile Exctu{inj which paau ave nol Uted in f’][)fnl(tmorj

Those are Swapped into Secondary Memory and Hake The

Nt dala -

Pl

¢—|  Swappedin

| -

i

—

Unweed Pﬁ,jus are refuyrne —

-1o St ndmj Hem ory

Suppose While €xcwfing AB,¢,D this process dem

Main H(‘mprj _5‘(-(0"(](”,} Hemory ~

andA

1 0ne moye Paje f.ey C bul 4 nt in Hain memory 14 _COIUJ

L}hat Paﬂc {a not available

_'“ Eﬁa(. ‘{ﬂll“:‘-

E’ia:(_—[ault:- INhich  page A

To oveicome
missig
~the pages-
X

teforenced by The Main remeny , @0

the paqe faulls cpu vses "demand Pajing K

d

"
n Ma’mncmog 1A called “paac faults .

4o reload

Demand P‘la"’f\ ‘- “The procesh vesides in Secondayy memory and Paj
Ner O Y I

loaded onlj

on demand not n advante 34 called demand Pajing -

Disadvantage - The onLJ major tasue with Demand -Pajging is aflec

Tc[oad '”rLL new Paie,-”.‘p_ process stark $xecution from the

bcj‘?n?nj ‘

91 s not a 613 favue Jfor Small p.maram,sl bul ~for larger progroms

e
{

t affects Pu-foumance droa{{cdbd.

e It causer “Thm;,{‘-,tj pmblem'.
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H-ICP‘,‘:“ Ndd ey Tranlation —~.
» Paa( (lc‘r{'lCM :r\ ’ ,Ojfcﬂ[ (l(‘("'?f'y'. '(Pyupnfch F’J I’.‘

fsel.
[og'nml address gpace = pagenef paje of

ded b
vliame addrest i called Plﬂtd&ical addres b 1epresenied B 1

ek . £2 1
physfeal addvess gpate = -hame no+ PAge of{

| Add-spare)

hyAica
. Tmnzslcd"nj Adarw‘f!osfcal address Space {0 PhY’

| {ernor
epu Used onc gpechal Hiw Component & called MY (t 8|
Management omit 14 focated al cpu-
) _ . . MM
ﬁ Pa?:a%. _ FrameNo |pageoff set ij £
P %u”sd AN Pkﬂd?ml-add- —

[03? cal add|€

Pgt‘ M M V) -‘ . [ Pa_cc F]___
Sending el !

R

page maerablc

[ ' ’ Ma‘in Memory
y3ical Add-space r S e
ﬂ%f/‘l Paﬂ e-table | MmMU = a )

age | ' e =} Paﬁeno  framena
P :I | « [P:NO Pﬂﬂwﬂsi pageo | 400)

?&(dtl—- __{>ch3eo Avol : 'JPaﬁcl 4002 _____——1> _Po-‘jdl‘a’ Fa

P“ﬂtl Aovr- | — V]
)

Pﬂvjﬂlo Fr—

pagcr | 4002 \

\

A

-

—
—_——

)
'

l'r [ﬁen 5040 | ‘ ‘
' ] > I
__Pf_ji\'——- ’ JLPDﬁCn"ioqb
‘ Page Map +able_

pkysfcal Add- S pact
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7@03 - A process thal [ s‘pchn'nJ more lime on paging It
“lhan €xccuﬁ’nj ia Aaid "o be 'Ifua,zl{;nﬂ'.
To avoid his os utesd one more Feehrijue 14 called

”-AﬁHC;Pa',Olfj Pad :na-l

fAndicipatory paging? -
B thal
is ’JmPL’U, dhat 0S aueMU “the P‘U]U tha

' :
can be referenced gng  felthes om the Secondary memory e

omo the MainMemory even before they need o be yelevenced

bj he  main m&morJ .

Adyontages of Vidaal Memory - -

NN NN

I We can tun mose applications at once.

3. [oa?cal addres Space 4 much Iaiﬂcv”\'ﬁn P*‘U*"Cal address spatc.

3 -. Need -lo allow pages ‘to be Swapped in and Swap[:cd oul

4. We need -lo mainfain end

ire Fmaae of process in disle S-Iomat.

5. Reduce infernal —fmamm_{a%'on. and eliminaks External ‘fm(jm“’*ﬂg"""'

‘Fmﬂmenh%'on,!— means kJa,Hoac of memory
divided nfo oo hypey
) Extesnal 'fmamcrda'h'or\/ '
(D Trfernal E; ra men-tation
w‘ll W""—- External fragmentation i the break?nj up
of free memory fofo  Small Chunks via  parditoning | which can mean
e “TUU*I Jor a lw\atx peatition later may Jail due 4o lack of S =

con“ﬁ“"‘“ memory, even -thoujh Cnouak, fotal memory ix avarlabls .
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N SUTS. ~ ’ et =
‘j_QL(\"E“‘ A '/wfj"\:f Infcrnal -flnamrrrh)h’of\ rmeant ﬂ”OCCIIlIU

- l.axau Than  necessary pastition. Cbecanse of fited

kudTnJ To Wasled Sspace .

Disadvantaqey % -

R

th US‘unj Vigtual memory that ‘inceased overhead or hﬂnd”rl—]

] Paa’mj ’m’n:rrup!-&, Seftwarce CDmp\cx?{'j and hosdware Cosis .

(0 Applicationt tun Slowes -

(3) M Haker move Hme _—la Sk)’;-!ck beteen qpplTCaHoM-

: . - and
4 poasibility of Thiashing dutdo excessive paginy 2N
N page Jaults -
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SECONDARY MEMoRY

’

he -““’ndﬂry Memory 14 also called The Seconchary .alomﬂc device or

Auriliary e moyy .

A Belore dala {4 dgred 10 Secondary memory  must be {tiched into

RAM before procersing done by the cpu-

3+ Magnetic disy. ) Magaetic -lapu , and optical disk are The different

' "‘fpu of Slo}aac devicer -
e in oo PAYS . -

. The informadion SHored in Storeje devicer can' b

I 901uc ol Actess : -

Q. Diveet Access - |
y must un *H)muﬂh,'fhc dala

Sequential access r- means that compul
\/i\/\/\ A paxlfcuftlk

in Sequence, Starting fiom -the bejyining tnoide o locate a

Piece 0+ date
Ry

CEx Maanch’c-lopc
: ~ 1o acceds
E ek v$ Suppoae fhat Ma?ndft fape has 80 tecords fo acee

"c%'“’ vecord —he Compuler slar s from -firal record then reaches Second,

dhied ete unhil & reaches asTh secord . Jenctally dhey are ¢lw devicu .

. | ' ”
Diiect Acceu*- Dada can be rehieved fn @ non- Sequential Mann
NN s

NN

(Rindom ord &) by locating [t Ustng dadals addres

R Nw}nv{-’ft‘ d.Fslc L optical disks are example

g nefie Jape -

- Itk a plastic tape with maancﬁ'c coating . 1t A a,s4oaa7c

medivm. 0N @ {a,\ac optn reel or in a Smalley Caffn'c’yﬁ or casselte .

—_ Magnetic Jape are cheapu Sﬁraag media . ’Ihcj are duvable.
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= Magnelic Tapes are Sequential ateedt devieer, Duc Ao Ther—=Seguential
naluye . magnelic tapes are, not Suitable -for clata file Ihat need To

be vevised or updated offen . i
nol 'r’Ciumuﬂ

> They are genaally Used o slove back-vp dato That 4

-io {ranAden dale from one Sl{srcm -lo other.

t«lmk:ﬂj 04 Ma ndfc h:lpC - —
-‘500"5
| R

0t AlBlc DEF Gt T

e

R|B|R|R(® AEERE
E:CCGE clele|ele
OODOOJRG\‘OOODD
' RIR | KR R(R|p|R|R
" pipjo[P|o o|p|p|p|p

= - . - . Cl
[ = »Haandic lape T4 divided hosi zontally il tracks CHor 9) an

frfo fiamu - A frame Slora one byte of data ard a 1tractk ina

drame  ean Slove 4. bl of data 4. 4lored in Successive frames

ar a Shing with one byle pta frame .

3 Doto t4 vecoided on tape n the form of blocks, Hheue a block

conaish o{a gvovp of dalto “also called & vecords.
Hnuoudly These 14 an Gnter-Record Gop (1RGO

—> FEach block ‘4 vead Con '
for the tape —+o be Stoppcd

between -two __bl—ocks Jhat PIDlﬂClCA +ime

ond Slarkd bl records _.
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-3 The buak H\nan(‘“{ lape meehaniam  Conatate of Ihe Copply reel, lake.up 7

el and yead [ivdle head amembly - the nm"mh‘r lape mover on

lape dvive from “Ihe Supply veet do lake-vp reel SH "lflaf"("f

Coaded  S\We P(I',k’-nl) oven “the read[urik head .

= The Mnanrh'c fape  width 1A My tnch, ty inch ele,

- Which T4 2100

.\"lomac capacHy a 10-Snch diametr reel of lape

{(Clr lonJ can Sore vp fo 1§50 million chasn eley Shics-

}'f‘ﬂmu Oj Haanchc 40p( are -

— N

»

I 3nﬂptn,ﬁvc S—]omat devices -

d- can Sfore a lal‘ac amount 04 data-
8 Cﬂ&d 1o cany-oy hangporl - -

4. Not Suftable -for random actess data -
5 Slow- actessr devica

6. Neede dust prevenfion, @ duat can harm he fape-

1. Suifoble Hor bacwp Storage.

anc i d:sK _

’9 M&aneﬁc disk in o direct acces Secondaﬁ Sﬁomae device .

1t 1A Q

‘n platke pr metallic Clreulan plodt cooded with m_agne'hc oxide

2 Data 4 Sored on Ma_tancﬁ’c disk a4 mmjncﬁécd .spot!;- The

Presence of magnetic Spot 1epresenk The Bit 1 and it's absence

+he bSto.

Working’ - TThe Susfate of disk 14 divided fnto oncentic Clrcles knowon

as tacks. The oulamast lrack 14 numbend 0 and fnnex mog ¢

tracc 58 the  lost frame Tracks ave Hurthes. dfvided fndo Seclors,

A Sector 14 o ple Shice -thal cuk  accross atl hacks.
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|7t Seelor . getar fa_cfhiz smallestT AT

dada on diaw te  Slore
,g‘crforg

- he
\hat can be yead o wrttten on disk. A dise haa g of r:wn‘ﬁ
h ’ | o

"PLL ek,

Geek Hme 1— The Hime -taken Ho-move the read| witte head o ‘the
NN N ‘ ‘

deatred -rack fx called the Seewtime .
+he track o

Lﬂ‘*mtj Hme - The Hime taken Jdor desfred  Seclor 0f
—_—~ (N

come vnder veadlwirte head 74 gallca 'Lancnuﬂ 'h'r_nc-
ten 1o disic of

Oato Transd Rafe - The rate at Which daia fa Wil

A R

. ‘{eaA -I’rn}rx disk 14 calldd  data Tianadw rate.
The Svmof Scekbme la%rﬂ Jime and Datatvansfufime
6y the ateess Htme od disi .

Features:—
I+ cheap Sforoge device
2. can Store [Mae amounk of doda - )
3. EOA\J fo Ccaryy OF hanAporf .

4. Suttable 4o frequently vead fwﬁ”r_c data

5. fost aceess device -

) (4
6. More reliable S-Io:o;;t device . ’ )
To be ptevcn{tJ from dust, ah he readlwnite head mov
g- 7 P1 |
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8- [ IUP[\'1 disk, haddisk and A Atk ave Ihe Altfoent "'H""‘ o{

vm"]n("( Alre.

L'\“U"d disg .

Lnon
-

= Floppy clisk 14 a flal, vound, .(\fndlr(lfr.l/ made of ”'JW plastic
and  enclased n Suaye plastic Jacket

= ”“f’l’j disk hat a write. profect Slide tab that prevenla a uses

i ’fmm m,‘,‘-Hn\,} Jo M -

= ‘lwa arc pordable . ‘lhud can be temoved hom Ihe disie diive;
canied or Sfored -Scpa.\alclj

- ﬂMU are Small and Inexpensive

- WWCV are Slowes 1o accest -than Hard disk, les 540”’-@"“ Capatify .

= Tthelv boate cige Ta 5'y tnch and 3. inch . =

2 5y fnch disk came arvound 1987 - 'l{ can Store 360 kg 4o I 2M5

= 3N, tnch disie ) y oL ¥

= T vsually contains 4o Aracks and 1§ Seclors pertrock

it can store sl byl po Sector -

Hard disle ¢
N e~

1277
\rxt"LA Tracks

N

plO Hers

i \’

- can volafe
0,000 TpM.
i
( vesold Kowg pec minufe )

Actess
&1m5 CCD’ITO-I S P;n CU""
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v Ot condaind One or morc ploders divided info (‘wj

and Seclors -

3. 9t mounted ona central Sp’mdlc, l'ke a Slad -

2. Ceahal SPTndlc allowos  platter to rotate at H’ih‘gf’“d'

4 - Small spindle allows read_ wrife armto across poter -

5. Maancﬁc plotter Slores ‘rformaton 1n b"marj form .

(. 24 can be fead by teadlwrite head hat pivok acvoss Fh Jisk

3. TThe data (4 Stoved on -the plothtrs covered With maancﬁc coating.

zip disk -

l. —”'\U-d are B’-aﬁ-Capac’rFH 1Cmomb[: _dfsk_and dﬁvc_ ,
Q. ‘rhcxd have -the Speed and Capadlﬂ of _.harclclfsk “and poﬂab’:liy
o floppy disk -

3. Zip disiea are he .Samc Size aA -FIOPPJ disk.

he-) 3'[,,mch,

but have a -much. haha capacity than the Floppj dislc .

'4- ”ﬂwd can be Used o Sfore faxﬂ
| ) .
5. At is easy o duhoy it by bare hand .

6. Jb s expensive
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Alssecialive Memory -

\’\,—:»--\ N~aam A N
A Hcmmj unit aceessed by conlenl ' called an ossociative e mory

Ov Content  Addvemable Memory CeAm) -
R also cated as pasallel Search memory o1 multi - ateess rnemory -

© s tearch piocedue and  alyorithm.

. |S'f0lcd C‘QlO. can b( ?(‘JCOH'“'C({ 'rUI QCeeAt b‘(’ cordent Oj' data rathes {;)Qn_

addvess - ——

»vsed In very Ciitlcal and Short Scasch Hme OPP“CAHONS-

wrc Implementation ¢ -

i ~ (A;gjument Rej’sti(AJ
, kt.j Register CK)I

Input — J —

I. - Associative =
Mem 013 ay m_x]
|
, Read ! and logic

Match
Reg 733

m wosd<
nbils pe Wosd

l | |

Ou{pul

Pt N

O—-%or =n4x=z| =

° Memory flnay — mwords with n bik P woid -
3 e f O‘f
+ Each woid fn memory 1A Compmcd n PC“O”C' With comicn

maument reJ?Mu . It has n bils

'HUL_ va’:dc,! n;o,sk Jor choosing a Porffcu[ar field

. Kcu ey

or  key " +Qrgument vaovd .

. Evcrj arﬂunr)ml, nord 14 COmPaucl with memory word 14

)
kt.j erwU. condains 13-
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J— - g [E—

IWyile opesalion ’.
I SN \r\ - '\01‘ ) ” - {:
» . ‘n . Bl
I bhen o word 4 Witlen ia amocialive memory no addes 4 Jen =

e oo Sloce
2 e memory ‘A mPnhl, 0{ ~f|’m“nj an vnused location -lo S1o "
' the wosd . P
[S:cn(l 0 piuadion; -
AN A~

I+ Bhen a Word 4 1o be vead fiom an amocialive memory, The condent

of the Woid, ova part of the woid 4 cpeciied .
' :

Q- The memory locatar  an worda whfch mateh ‘the specitied confent

and  matk them -foy rcad‘ma‘

Q%ﬁf\cjgﬁvc Memory avsay [~ 3t contaim The words Which are +o be_

Compared wWith “the araumen{ Word .

Maich Reqister (M) o-
9t has m bk, one Bit Conc&[iondfnj 1o each word in
-he memory Qrray - M the ma’mh’..\a --P)’oCCM, +he bl co:xaspondfftg

, to mmh;nj pords In mateh regist are sd fod.

Ynput
| ./-\j KJ‘
L)r‘”’f— ;
Read Match L
) IOE:C [———‘)TO M,

outpute

One cell of oasseciative Hemogy
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’ l\-cfl N‘:}?Al(‘! ,nnv'u‘u The maate by (‘hoM?nr) ‘e parlicnlar fteldl

n A !(‘Jfkh‘l'
* TThe enlive condent of A tcy'mlrr [4 (‘Ompaf(ﬂ i Rey lr‘f};/,f(v corlent

all 4.
« 3 the compmcd data 14 maiched Conmpondfnj bila in “the mafch

eqisky are set -

& - A 1ol 111100

-—

K 1] 600000  _

Word1 _ 100 (11100 , DO maich
Worde  lo) ooooof  malCh
Maich logte .. 3

.’ ’ com are
* let us dncude Key segtater - 3f ki =0 them theve 14 00 higed 0 SO

Ay and Fij .
Compati4on °x needed -

. onlj Nhen KJ:I,

.« This 14 achieved by ORing each term With K - i

. l ,
v :(XI+KI')CX,_+K£ )-(N3f1<3) ceee (Xat Kn)
K1 ' o .

Al

)
l Fix Fio

—

-

Mateh loa,’c -F:Jr one word O0f AStoGaRve |
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fldvnn-lnac\ 04 Actocialive Memory I - N

TN N SNuNUA LN AN

D08

Pdmll(t searehen. dL 14 alse vsed whest

LooThia A Auttable for

Search {ime neede 1o be Shot: £
Q. Astochadive Memory s oflen vsed o Speed up databasts,
\/‘ufuﬂl mernmj .

in newral nedworkA and in The  page fables vsed by The

o modern computers .

3. CAM- dc,s'lfan Cha[lcnac fx 1o reduce power CoMumpifan asocialed

Witk the lcuac amount of paxaucl adive Clreuitry , Without

Sat;i-“ﬂnj .SpcAcJ or memory dcn/s‘--hd.

Disadvantages ! -
Ao~

» g H < ndorm Q€A
1. -An asociative memosy ix more e)cpcqfsavc than a Ta

'] '{
mémory because cach cett musk have an  cxhia Stosage carmbub y

oA el as loa-’c etk for matching .
;2. vsvally associative mcmoﬁ:u are m@‘;u apPITmHoM whese the

 Search Hme 1A very coit{cal and muat be Ver Short -
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