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= What vou See as the [ask Line in ypor fecminal

- a bagW Lommand—tine nderCace (eli) prompt , also kaown 4 o
shel\l prompk.

~ basically, yov Fype a command Into the shedl prompt L Hotre are MY,
we will \eacn ahovt them)  Collopwed by whatever pacametecs [speciCictiong
e tommand dicrate

- Hhon, wou prus ekl and the CLL reads Your twmnand , inderpeets

it jand a¥remers t» cacry ovt your ceqvestl

= R standacd uhl{&y PrOFam Cound in 4t [bin Aired-or_\j

= The $ole purpose ot bhne Le pogam 18 o lisk Hac @iles Lotained
in Aice Lrocies
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= "bin" = anock for “b\‘no\q peogram Files"”

= Sypces Files which Youe comprier tan evalvate as A prog cam - like |s!
= tya dhe peugram in “help mode” b'O J,.yp.'nj the program name, Eotlowed|
oY the
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iy tommand paints bot a bunch of fesd Phat contains in®p abpub

Yt progfam’s  pUcpose, Usage, and ppkions.

= —whwelp vsvally paaks ovk o lotbr of infs — o MYtk So Hhak he feat
might sLell &F o& your cireen.
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= Tyee 1o —help | less to only e a Single suren of ovtput ak a Hme.

-

K-C\\']Laoard Shockeots in less :




What is o “pige” in

Fue Unix Lommand line?

Whet does man Jo?

\Whok is Ta e wanval 7

\:\)\Aa\- is the cer progCam 7

Wtk Joes twe TRGB ey apl

Whe do Mae @5 & Bowd
aye Aol

Whatr dses e cleuc program
Ao

Wha- (5 g, grep pmamm'l

- R wey do Lonneck programs ’rvje_-\‘hw)%ﬂ'\' canneths +he oot put of one
Ll proyram 4o the Tnpuk of another — \taxdfn:l Yo a e \\-tf\\'m-\-in
fleck on e no. oF  tasks \30\) wn Lamj ovt.
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A Vs —hetp o less )
= fipes ace purr of A0 impostant Unix C.u. Loncept called compsin:] ngrams.
— R pwgram o read +he manvals o otne- progcams .Kvnm'vx:l Fhe tommandh
\eacne i d  man Is
replaws the decminel’s onlent wivh the manval fordae Is program.
= AW o€ fhe il in « given frvamw\s hely mode jand more !
= Volike e dexy dnar comes up Lrken v do “hele manva) pages have
wngished );Mpmd\ p.,.—m.;\.\wj a\rcad.) oraaniw* into pacps.
* Sceoll dhe praaval us\'n3 e ume kxys vsed to M\v-'gakf less (prev pege)
= feads dava fom o Cile wnd gives [prinrs it wateny as sutput.
Cul /\Jsrlshﬁrc/o\.\‘d'[wnrAs
= When Yoo ar\'\'\’ﬁt\ls in o command and ps tae ) e shen aviiompletes
U adevee TF Fwiaks Yo aro+—r\3r:\j to bype ~0C gives vou centeml opHens
I® F\Neft’s MmOt Man pae pogsililiby .
> Similac Lo tine '“’“"3 on iPhones Where 2 boxes A€ word opHong came vp While ur \-v\‘ij
T especially yeeful when ‘”7(’\""3 ca e Cile patny oF o Cile.
= Lirps batle £ Forkn behneen previovs\y) vied OMmmands in yovr
\Ms\—ouﬁ Lyo v Ay have ko rr,\—7fe_ Hem i€ yov wan 11 rev e Hheen)
=0 \'\/fmj in Wne Lleac pgammand Lleacs yous Fecmina) streen ¥

(esere e joorneli prompt to +he Yop o the Yefminal.

T Vs kextval patkrfng Yo scartw Por derrval marires ... basrcnl\y like
RE b way ¢ooler '
= the wmmaad Follows bhe Focmed Lratketbs indicate optional

Av umnents Ehet @ be 1eEk Lanis
grep LoeTioNs] PpTTeeN CFlLe...] 9
07

G Allgeeis indt eabes Yo can itk myulkiple

e sher T e (2
e sheing of charadkecs Liles Lgcparz\\-ukb\j $paces) janch grep

Fhat gy Seancunr.
U P ) fe WiIW Cesreh ol b6 Fewn

TP AP prInYs ook all liots of tvery lisked Bile Hhat wotain & Fextval maton.
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What bype € pogram is j’(&??

xomples of 95Inq glep with
pipes?

\What does e Lommmo\“h\'s-\-njl
do

\learne\i $ gree mokon  Juse| dickionary

o ProYs all lines o€ the d\'r.'\-ioan'y con\m\'nl'nj
FVe Shdng “motion”
° learndi® grep D A DLion /\)Sf‘/ol\'b‘\'fbmrn
s Fae A ewaratier anchors the pattecn
Lo Pae stark of « \ine !

S feYurng on lWineq b!ﬂ;nnfn:) witn "motien"

leacncli & IFee 43 e P funr['kia\-lonarj
s Hael g dnacacter ananors Bre pakiern R

e znd ofF o \inel,
CHac . Oherdkor martnes "any onedackel.. Lo ‘oa$icr..\\7
veed as a P\u_e.ho\der e yov wWank +v s‘u.‘e\/ how \me:
e SRACLHh s«\q'nj Wil be .
Trekueng al\ skrings Leﬁ{m(nj with ¢ 3)?_ndfnj
with o )g( with L charnders in be bweea,
T P tomewnd —line peog@a Maay ilters daa .
= Svon ©ropyramg kend to operade in one € dwo ways!
1. aleept a ligy of Cilel bp peoeess (like Tadne axampley akove)
* ihis is a wonvenitay bk not a\\-mn—st:sni(:iuw\ feavvre
operate on data piped ink fem by sther progams ]
® An elseandta\ & mbee {)ovuc\)\ F(qh)r\ll)anae of gret.

2-

*leaencli $ s fbin | geer 9. p2
* Loctead o€ peviding Hhe optitnn] (Fre.d o goment, we have grep search
The atpok oF " Is [bin"—wbicn is Pae Lisk o€ File names inside (bin
'\- The wmmand cetoened the m\y IVnes) €ile names M«.hinﬂ’rhn

specified acqvorent.,

= cat is an Lspedq\\\i vsevl prvjrqm-l-o Use in QAjunctitn Wila gep as we tan

SeacM Lhe nYeats +F a Gile bcinj read )"‘_‘] Cat
- ?rin\-s a list 3@ 4he dvail of mmaads yov have r(,Lan\/ run —aka Your

LuMmmand \Dﬂ .



Ch.Z * Dicedtories, Files and Paths
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So u\nﬁ_s\/\ml\)\ Yo even ‘\’(\3 Yv
noviogte Ywe £\e System viathe
e

\Whot is o J\iru,\-ory ?

How do Wov atess he lisk A€
Contents inthe mi—o\inu\-u\, 1

What is a paxin’

What is a0 alsolte pa’r\'\’,'
Whak s Bhe basename 1
Whak is tae, dicname” oF

patn ?

\A\Ao\-\- is & Vw O(V—\-hj A‘M’\‘br:’"?

= a way ko organize a0l of Youe pegjerte & otner Vock in Files and direcdiones
= The Findec applicodion on a Mac i¢ o GUIL-based wanbna\(iaa-k P

e Lygrom , Whem you can seacn ,or ani e, rename e Filey all jusk

b‘j potaxing nnd tReeing,

= R\ Wouan it Fakes more ¢6Furt o deamn ik povides Yo With a LDV more porer.
-\ s?nﬂ o QUL y YW Cra e_asi\\, avtomate repekitive Re &lashm Yai ks JVLn A

\'t’(\MY\T‘\3 \DODs of Ciles Fam vae r\amh\j onveaXon 4o aastinec

* Sooenetaing Pt woyld Ukv\\/ take da\as be lhours o Ao via Yhe GUT

= the Cuadamental untk of or\a]mu"ml-im in a Qle Lysdem
- i,vmﬁ d.?rc,u-or\’ tan tontain Fi\ts) at wel) as oter direlIores in o Wierardal e

cclarionghip
S ¥nere is one oV Ammr\’ Prat oS a\l obner dicervories & Files ag ikg
detendant<.
- "Airu\-":ﬁ" = Synoaymous wikh Vs der ke n GV thyle view )
= REGALL: Hhe program to List e tortends of o direcrory 35 [5 . To liek Hhe
nkents 6& Mg ot Afrearacy ) vse learnctid 1s
7 The Cocwacd g\ash [ 14 Wow Yov refec Lo the wot A\‘rw\-nry l
+ /bia = The bia o\i(‘u\-mﬁ, loeaYed in Hae yook Mﬂ‘-b\'bry
" /vsc|anace = Rle path fic Fie Share Airedrsny \ocaked th Wae vsr d\‘md-nry
Jotated in ¥ne oot Airechory |
KAk 50 on. _,
= The rextval  “addess” of o »\iru.hr\/ of Cile inthe File syitem,
= When Woenking & proamm ko operate o Cile (Bke 9rep )y vaide;“ﬂa fle
pavh as 4o acjowx\\-’.
= Paths whioh begin withh & Forwacd glash, rerremilj the coot diretkory.
= The \ask name in a Cile path jLhian i e Cile [direchory Haer e pah, is
Sgecifically releccing o — Bre “harget” of Hae pall..
= i,vcﬁa-\%inj Mar omes Lefore the basename ,ina\vdm\«.] e forwach Slash.

— Qeoresents the ‘pura’ Hha). 0§ \cc‘ol\‘nj yov Fo Hhe hrqd‘-
®RSOW TR | payh
/Dsr/s\nc‘n,]d\‘c\',whrds

[vusc [svarefdick [ wWords

™ Wwen you nead o worle an maay Files in = single Arred‘or\\j sy ping Al o€ ¥hnoir

albsD\Wie pedng gy the Yime WOVl betvne \-irfnﬂ_



WWak ddes Hne pnA peoram Ao’

\-\ow Av We (,\/\a,nﬂe, oo
wor\0f03 JJ\'&(‘/\'orﬂ-',

What Whappens i€ Y2 {—ng_ \s
With ooy any \mLceA\'r\j Mymen-\'s_!

Whak is an example o how a W.d.

Mmales & easiec Yo -\ryg mek‘l

e Shovld we vge each tyee
o ot ?

Vow does  Hne, learne

LonXaine work ?

\Waek abpotr4he \eocneds
dTﬂ.u\-ur\l",

= Lnstead | we @a fell Hhe shell Haak Haagt o\iredor\/ is our worv.n‘na
Mrerory  and Pren m\\’ nead Yo wale chocder,less redvadant
"Celarive oAt do Giles in ik

= Peinks tvie Pt o yovr witent wnrv.\‘ng Aire.d-ory’.

T The shell alceady mainkains @ Lurent W.d. 08 pack o€ it Chate (gl

W Lan easily Onange Phis). Cucetakly - leacnclidll . priors ouvt

= Wit e ¢ command , Foliowed "“j e Rlepatn +o Hie diru-)—orﬂ
wWe wank . Cd = “L\/\ar\{\o d\'ruA—nry .

\eacni $ g fusr/share [dick

/ With He pud mmand's printout

= & pronrs Yae visk of watent) of Hhe worreat worv.\‘ng d\ireu\oty s "‘\‘l deCault.

&— Ohanged the W.d. —onbicmed

leacolli$  pwd

leatacli g s

— 1€ we want +o vse Cat bo grint the wnlents of a Gle, we tan now Cimply vse Hhe
relarive pabin to refer boHae same Bile — since T dbsolute path has olready
been speciCied :

\eeencls & Cak /USr/s\nArc[dib\—Iwon}s | less (a‘s-('hl/b ah.1)

B

\eacocid ot | less

Wocrds
T e 'relative petln’
= dither Biod of patn ~ reladkive oc cbstlto- can ke veed an\awhuc-\-\m\-\- -
AW s expedked L You can (-’«x.\\’ Wb kitve abgsivie with relative pabhs,
and vice verg o
= Twie learnclt ontainec's File System is 2eparmde Com thak of
My P ymennion Hank thanges | make in my tontainers File yyStem
AW\ Cevedt back Ly Preirorigiaal skade whenever | exit ‘“3 leacnels
Session (W) axiy Limemand) —whicm is qoed For When | make accidinda\
L\M-f\e)cs .
- HDW?,‘JE.K) e atkval [learneli Mrtd—'my 's different - ;\-'Bclonﬂc bo
My ompuier's Gile tystem (yov can Li’rcra\l\l vpen e learnclizdy Folder
o Finder by 4oing ko oavikemac — learmdin )
*Has meuas ek o Fles withia % are dutessible X modiTiable by my Pe

= The [Vsers/ avivamCfleanes diccidory is “mounted ioto" the leancli 2ontraier:



leavncli2)l Y s

i Typinj bpen . into the leameliZUll prompt opens e (.bfrtsPondinj
direckary indne GVE (Findec cpplicalion)
How do {ou Wreste new ™ Wikw XWe QUL mRaAie poqram % wmmane
Aicechncies using)WWMiM\"- = Makes a qew &imo’my Inside of +he wrrent  w. 4.

earnc\i A i
‘ (5 \$ [ work elic reades e A{rgu\-ory caled "c\nZ"

workAic 7. wmkdic chZ & Inglde of “worledkic”

How do You wopy £iles in e = With the “cp Pmomw\,).omm | We can make o ey oF a''souree” File &
teemioar? Place i in e *‘\‘Mrlie\- Y E\e oc diru:\-oc\{_
= Theee ace 2 wayy +o vse +he cp ummand.:
e
¢ PSS wokents of sne Clle jnto anpbher
1.
ep

® (feades copies f soorce Fileld & adds them 'f'o+orad- o\iru_+ory
T Z'\'i?es;s means we con lisk culiple seo Ciles ) seporaled by spaces
leafnci 208 an2 7. ¢p [use[shiace [Aick/wordS  Words
° copies Fae ontent o€ -—jim—o o Gile called J) in our ch2 J\'Nb'\'o"y.
ot does the ¢p —-retorsive option doll = (opies earice dircctories & Haeir anteaks.
Whatis  ——\erbpze 7 = fn «rﬁvmu\\— al yoU Can vse whon f\mm‘r\j Peoggrams Hak will zavse Hhem ko
prioy ouk Hhe ackions - pecCocmed When you ran it.
S\oasi m\\7 ir Yov wank to “anow exa{,\'\\’ Wheat $he peogrom is Am‘nj
N

™ OIn Mar tecmingl, entec bhis arqumat as the ('—laj "oy

MmM¥aiC =y praciice- o\(ﬂ—u\-ory

\hat ace “Widden dot Giles” 7 = £\ and Aireckocies wwicw beain wikth o peridd — )Ana\ are tongidered
"Niddena" Eileg — -\-\m»\j acen’y &"&p\uycc}\ when l\'s-\-inj a diru.-\—bcy‘l waotent
Wik g,

- T\lﬁm\\\, Used ko ghore the ehbing s, poferacet, and metadata of tools X(P“J‘“\'s'

Cp  Wocke LW oS - topy
How do we gue 15 4o lisk T Withie —a o0 — A acquments
hiddeny Eites? = A lisks al hidden Files eacepr . aaa "L "

leatnddi2® cw/. e <o




Whak i o “liar! ?

What i M. "2
Whay 3y *, " 1
Whak is tve Erin}- oF the

- a0k oo lines?

Usaqe txomgles !

How A uoy cenawe Files
3

in a (.-'(,\’{

Wow do 4ou move Ciles Loom

one Aifu:hr\l to anoivec 7

= & Hhicd wind W Gile Ly stem c_vr\f\/ (begides o FBile o a diceitiey)

= A Nae. “poiavs” Yo Snmu\»w‘rl) tlse ina SY\S-ICM

A VK b A\H"bmo\-\‘\'ca\\y exisks fnstde every diﬂ:dcu/

= . 18 $he pacent Airtc\-b:y ok ¥ potaks to+he pacent
Leectnty of your curent w.d.

= Pmodrec ok that NH«\AW‘«\\?’ aAishs foside every dirckory and
Vinks Joibsel P (aka points' 4o $he wscrent worw‘nJ Airer.r\-my)

- MV\\ ‘oas(co\\\\/ provide & Shockhand o mare Fyping tveamands more
LG eny  Lsocr oF Vike +nis in Java)

= s Pq(-\-iw\m'\\’ vselul when you wank +o speafy Mae Lumn*-o\iru;\-o«y as an
arument Yo a program which is expeking Some direckiey's path.

™ You con move o Your Pacent Ai(u-hr\) usfnj od .. adYead of
cd Cnamet pacent dir ]

= To Leeatea celakive pabn +p move upt e Bile system hiecaruny oy more
Aan ooe pod A o e Y

moved £ —sub~dir to ch
\caneWLN S a-gub~dir). €A Lo fd. f M assib-die ehz

$o worir
leacnc iUV wockdie

- To wpy a Cile Bom sne Mretbocy bo andther Wit cp & redain +he
Sdame ei\(, Nname .
leacncliD  cp Juse/share/dict Jamers can ~englisn .

learac i $ s

= Wik tve My pogram [ wommand |
= v
\earacli § v ‘words-topy
ls - & hece, we moved He Clle named
"wochc-Lopy” ko Hne Name

wDrAs—oopy

‘words - copy L
= Mso vsiog the myv Lommand jexcept instead »f & "new desired name;
e 2™ acqument Shoold be bhne Aiceehoy Wl we want o prove it Gl
leatacts & v Words-Lopy  a-gub-dir
ls notice how Words=topy nb inge
Shows vpin the |g of e ewd ...
s a-sob-dir bt it does Show ve in he Is oF

He Yacged a - gyb-dir |



\Whax does bhe Fad

peogram [toenmand, Aol

W o do you vse Giad 1
Whe- is an example & veing
e Find command?

How do yoo deleke Riles from

Yac ommand  Line?

VYow do Yo delete U'"Eb‘z

diceabries 7
Mow do yov delele non-emphy

Airerocies 7

= & Lists diceciacies fecorsively ~ aka it lisks Hhe name o€ all Files
and Svbdiredtocies in & aiven kind-ory Luhicn you sp',u'ﬂ:\/ as on wﬂ,,mmﬂ |
bukr elow taun \isted gubdircchuy, it @l$o listg Hie namey o€ dhe Giles
inside it!
= R o pposed ‘o Me s Lmmand | whrea nn\)/ lists the name oF chrU-)anJ
in o given dircbary Lk not Hne teotenk 0t(de a0y Wbdireckaies )

Cind\ +
= Smj oY ave tne Colloutng Uinkent inside yoor Ol direckacy |
a-svb-dir

word.e practice dic

Wocds— Py wordyg book

= Ustmk. \s rervag o liste€ d\'r!.ehxy whtents

\earncti 208 w2 7 Is

- \Is\'n-a, Find tums a cetocsive Lisk of A:re.mcy Lotvents |

~—noHce the
cwd, Yeng

nokrice Hae lceirsa veed ag ashecthond For Y2 7n dne elalive
?o'\‘\/\ Nnameg

. r;&.rn‘nj +2 Hne,

\eacnchizl 2 v, Find

= Wikh de M pmamm] Lommand, |

i TR A on\y delele Fi\.c.s) ot dicettocies — valess you use, the —d
aCquanent -
learncki2tii$ Am2y. rm woerds

i Us\'nj rmdic
learaclizVg onzy. rm a-Svb-dic

- Us‘-“j vk with the =1 acqument | uhidn Clands fur Meacsive”  mean g
i YeWs Hhe ren progmmte Lcavecse all yvbdirechae 4o delere Cileg.

= Be CARLEUL whea r\x\m‘r:) ) fel.or$;\-d\, — vsedae - i acqument,
whion resvirs in e ferminal aslkvng you ke conicm , For cach Gile SHnet you

Wank (% Je\eted (\)w jus-) bype “y" or "n" Ao wnCrrm o0 dtny) .
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On.1 A Wrocial Inkvodvition // Pruarummnb Langvuge Basies

Wihat doec o C, proqae
wonstst of 7

What A®s a \basic Healo Warld

Program Look W¥e in 1

What-is fne "\n" 7

Whack is Hae Majoc Aifferente

belwean main n Java V.s.in

c

- F\)(\c)c'l o0t and  vacables

cFUackions! ontoin Statements Haal sPcu'CY e Lw?vt;,.a o\urod:ims do be done
*Yarioblts :stoce valves veed .\\)rinoa, Pe compuintion

& indvde £ gkdio > L ie w Gondvion gk serves 4s Hne
- . entey & eail loeabion 0 oS¢ program -
i_‘: &"3 L ir‘\\- acqt, Drad ¥ arjv) ?, * Hnis is wwere exewd on Knows to kjin,
: 3| % indicates Hat bne cetuen \"/PC of
print € ("Helle Worid 1 \ 0" ) * the Bunckion is an int.
U e 1nside dine parentheses 1§ oo Wsk
revorn O ¢ @5 of ﬂrﬂumu\‘\'s jseparated by Lommas,

4.
The 1. arJvMeN-s "

* An array o€ s\'f‘“\? (reCecred Yo \:\3 Mt devble Onacatten printer Cnac®™y

acq¥

w "

et

An if\-\csc,c calle A “quc‘ h_\\i:\j 05 bowe many lemenls are inside the aicay wg
. Jued likein Java, Wy brakaks veed Fo indieat Where Hae Rindrion stacks
and stops —~ akia defines the ho&\’ of Jine funckion.

© #indvde i a WY Yo add s Skandard fa\ruu\\r defined CUnL\—iona\'\\'\, ia_loue

Pogt ,in Hils case by aAzlimj s "header Bile’ wiv\h < svAio >

T svaioh ina shandacd inpud/putpk Tllorary’ et desines Whe funchion
"\:ﬁn—\-—? o Xwis \i\ortma 15 v only Ceasen wWe are allewed Vo vse e printF
Cunukion JHnLe we et e ined tb Oorge\ves in +\e Prgmm.
B frit\\—s Hhe 5\-&,\% "HWellto World'™ ond Hhen mioves Mo ticser +2 Hae neat \im_)
becavse of \n == WWiLW Means “vew bine”,
d ‘M—:n-\-c = " Cacmaltedh prnk”
 Pac cthon sradement — wlhidn is en inteqer, as ¢peciCied by tne Puckion ik main’” —
Hrak Says Yhet ovor prog@nm is over,
= avkalon or e "nevline Wmu\vx;'whim puts Hhe otput o be prinked onko the na fine .
= You musk gse \n inside Hhe print€ ocqument | of +he C wmpilec will prodvie an estor MaKqc.
cunlie in Sma,\—l\l\ort. # was an optional add-en

= \n ‘Sqﬂ, o pogram can have as mﬂm‘j wain merhods as we want (no Limit)

S, P@grm can oaly have One Fonckioned called main.




How do we Kaow whak inYeopc ove

F(osfqm shoold ve v r(\I'.

Q,mwpo\risoh tva Hc\\nj\n)ev—l&

‘;mamm ) Savc\').

o do You malle omments in c?

llow do we compile pn)ﬁmms'(

Whakis the GNU (ompilec—
(oVecXkionT
Ahet ace yome important C\u‘s

ek 1,3 &L

How do we yse GGC &i—w,Fw:\s?

~ e can, \,\599%1"“\\7‘ cetven any fnbegee We want. Howtver there is o genemt shandach
Foc AiFE ink valves & Hneic mcanimas —~ aka dhe Vexit states” H\A-\--\-!mj represent.
* the cedumn valve O indicakes Yok o4~ progrem ran nnrma\\\( & nith n ¢roe,

= For eXample, & neaative int redrn val may indicate Yhat the program fan al-nurm\\y in Spme vay,

import  java. lang.System equivalent b sindude
aks  myClass § ¥rarements in C,

- =
poblic skakicvoid main (S-\-n’na ) ag <) i same delinition as Hrat of

Syttem. oot pint £ (R \a") 5 | e Fac © (see prev.fogd)
3 s statement s equivalent
1 ¥0 boHa 064 acquments prvided
For main in ¢ (tacae" &
“acgV" €om peev, P‘“ﬁo
= While C is a Function —priented lzmgu\jcjﬁnvq isnot-ik isen Dlnjto\"‘on'mko\
|¢mn\r)\/a\x.. n\brecf'ft,-\n\q, TFonckian” mosk av\'vu\\\, caisk as o M etNdd inside
come lass  (Like e " main” mebnod)
= Unlive 3,\«‘) C does oot \ave “ny toncephk BF "classes”,
= Same as Java!l with [/
— Unlike with Tave , thece's no (DS Llike 10ve\WNT ) Whexe We tin j"&‘t
pUsh & Bl green ovkon % Un dur program.
= loskead ;we cce qoing Yo Ve the GNU Compiler Colleion (e
= A goClwace progan Hhar Nows yg bo teke W G Couree wodt ¥ reate
N execv¥ol o our Gile system ex we wan Yvn.
- -y produce findvde &e—\ou3 inCocmalion (used \nj (rbB/va\sn'm\)
2 —Werror ¢ deeal o\l \An(ﬁ;’\']s as ecrors (Ais will be sor deCavll)
. %g,nu-q\\y ywhen e wenpilee gives Yo awarning it wont srop. [ will sl dllow He
Proe) o exewvle Weecor bells e tmpiler to treat the Warning as an efror inshend,.
2 Walll enable all compiler wan\inas.
= —o [desired name] [eede ElE] & creakes an execokble file oo yoor Silesysiem From the provided
source wode File.
- basrca\\y) newill alceady have gome code writken inatex™ editor & saved as o File.
= Then,in tae compvier console JWE can wrike o line like 3udh'
e -9 ~WNeteor ~Wall -5 Firstr ficsk.e
Whidn will #aen compile the codefin the povided +ekediter File o create
66 “execokalle” of bne dccired FLE Nome .
* We can woose whicn Flags UE omn) we Wamtto inclvde in Hhe qoe line (doesnt bavet

be a\\ & Mo liee on MWe ex above.)



Yow do we dd.\—ua“\{ tn Hthe
" Q.)CQA\)‘\‘RID\L“ P(DA\)(LA bb -\'\N, (.DNI‘)I‘?I?

What is " skdioh

What are formad seeeiCiecs ¢

How do Yo vse Cocmal speciCiers?

Lrxample o€ ow Yo vse sean€
oand  printC ?

Where do we 2vabliskh Forme}

Speciiers?

=2 B'j Fhis line in your consele :
)| / [fFilename] . [Ficsk
> this is+the point ap which "Rello,Word” Wil agpear o Hhe contoly !
= (From e example L Pages age) it represents the skandacd inpud/
o)t put- Librany
= (ookains e code AzCininj +he Prin-H" Funcdion (outpal) yas well as dne
scan®  Punoron Linpur) — whee u We cead sa«*-\-lnhj inpot by Hre vger.
* Vo vsa Lifwer oF Lpse, Fono\-ions_,wt oSk impoct StAioll osinj
# n\Wv I LD
= livMe Sambols yall \oe_ainninJ wiv\w L )'H/\a\— ace vsed o fell e
compilec aboot tne kype o€ daka Hret must be input by & vsec,
0¢ Haal musk e OrlalRA on dae Screen.
= Bobh pdnd€ 8 scant 9se He g,um,mj Socones speciCiens (nok an exbensive list):

Y oc foc dnacader type

.\ For signed -"‘\‘ff'“ e
YA Cor double

7s For Skring

VA o priok *ne "V dhamiter

= For both scan® and printf | Format ¢peciCiens are dakenas & bugekion acqinent

nside o€ gquotation marks.

a. . .
k£ indvde cstliow> ereating o vafiable for bhe Scanter 4o gbore ibs

ok main (ink quc)d\ac“‘arayﬁi (AT R

T a= 05 . . 2 Cocmar speebier Saging Hat the stanaer is
scant (* |/.S:,, ) &g) ') exyed—:nj an inteqec input
peindk("d= 7.d\n g i) ‘) > Using * & (vacisvte ]’ siannee shores theinpt
retuen D;‘ ) ! in yaciavle d
e Cicsh pack of He pnkouk shatement | which is effeckively jost o= HOWVER,)
it isthen Tallowed by the format specifie” 7.4
T This basteally sey s Hhak whatever is the next prinkoct arqumont is eapected +»
Colow & (aka, e an inteqer).
. The cecond pack 3¢ Hnc pinkoor shatement s e vadable d.
= Cor €%, \¢ we inpot e nvm. 1D, M anperted votpot wovid bet d=\0
¢, exery item being prired needs o Purmnat speciCier . The Ricsk argument: lays out b
placment oF every piewe of dada, % tne wbﬂ¢1v¢n+ o..-avmem»s fill Hhose qapein, le® -

'\‘o—\-“ﬁk-L LA b nexd p«ag, -



How do loput/putpvt finexing
WICK jak Mre compller tevel 7

peindf ("1d + 7d = /_d \“”,7—, 3,8 )).

"3 sprts oot will ke wasecvbively Eilled | tuch that the staremen
points 21+~ F 5

= 5«“’\3'{'\/%6-\%&\ Jets prinded +o he Lonsale is ‘J"T“a"- So when Wou prin¥é an
ik ik qeks oawerted to a sh—inj

= S\'m‘\ﬂc\y, Scant reads all Inpurs as g—\-ﬁnas und tonver ks e +5 the data \79&
indicared by the Formar specitier.

—Buitk-in Dara Types —

= What are C's pujld-in

data »\-\/‘x,s ’?

Whar do Zijncc\“ and

" unsi GMA“ wean T

How 4o Yov declare

variables in €7

WWen glnond we declace

WiHA e without inikialiwatisg’

WW ot is variable 5¢,o9e,"7

[ ™Nee S*WGJC Site Valve Kqﬂsr
hac 1 byte “128 kbiz7 BR D b 255
(System degendent-)
unsianca\ char 1 byle O ¥» 255
Signed. cnar Lbyre -129 o 127
int 4 bytes 20479 DA de 204 THIILY)
unsianu\ inl q loj-k,s D +e 4)1‘1‘-1)%“]) 296,
Shhock L byles =32, Te% do 32,707
ungi\a]nu)\ shhoct L byes 0 s 65,535
lon 4 3 bytes
unsisnu\ \ong 3 byfes
dsvble % bytes 2.3e.308 +0 1.7 0,308

= ifa data +ype i unsist\eo\, +hen e fange of values bolpnafhﬁ Yo ik is
eitec O oc o prsitive numbes
= Cadatra ¥ype is sia'\“\ b indlvdes both fegetive % pasrbive numlecs
= ldenkical to Java !
= Witoo) nyHalizsakien -
wk a
= with inibialization:
ink o =107
In C, we shontd ofx\erally alw g3 fnitialite when possible | father
Flhan #ssuming el dne varioble (¢ Gal ¥» zecp
* ek Ts 0®den the case ) buk not a\vmyge... So cqn't Lovet on i,
*the vaciable Wo inikalizakisn it inibalied +o Whoterer fas leflover
in memvrj
= the blbek [the ~4fon in +he vajr‘qm within whion We can detes s

avariable —eq where ik ig declaced deCined jand vird

= 0oFgide o& tinig feyion, the variable isiceated as an videcared identiFier.



Whek s g S\Oba\ vaviable?

WWar g o \peal variable?

When @vera\ vactables wira

e Same name are ‘mvu\vc&)

which one ds Hie com guiec

use?

Wheot ig Yhe shhic ul-im'y o

bv*\\j
- A varcble dellared gorside pf any C’.;m-l—innA,mcann‘no 4-th can e be

actessed and Used B:) o Cunckions in +he Pgytam.

= K vadsble declaced intidc o Bunclion lgody yPhar 18 not defined or
acterdible 2UrgiAe of Phal A acks oo,

— Since Phe vutside of the finction doegn't even recoanl'u, +he \veal vadiclles,

'H/\'«\\j tan Shufe dhe Same Name as glvbal vaciables or other

funchions' loeal vadables.

- A—o\o\ﬂ-imo\\\y)v&ﬁah\bs inside c»rv\uops are \imited in Swpe :,.DJ‘UJL Humr_
= Lekg loole ot this example:

\lnsiy\eo\ in¥ num T \O; QJ\NB‘“ vaciable

Ny Wain L) ?_

\)nsxant')\ W o =9 0 o Weal veariable
J
prin € ol '/-o\\f\") x) -)ZL

Lor L\ms?nm.A it Avm= O ]

42.') r) QL— a vactable locul 4o the
P\'\\"\"\'F (.“3("—‘ V.A\(\") X)}l. 'FL)I“'[’DDP
X

.Pdn-\n‘@ ("x= ‘/~A\n",x ) ) *

relvra D')

%

4. Wil prind the number § bezavse whenever a local variable hos the same

name a¢ & giobal , the wompurer always acpts dhe local vadable.

W\ oY O 1 becavse we are ingide Yhe siope dF Hae Cor—-)oop.
Dnte Ye fFor -t 9o u\oks) ks vaciables gre (ssq\-\—icl\y ‘":’D(\L.“ S»

NQ) We wily aaatr\ vefer 4o Hac loeul vaciable and print 5l

= To denote, “blvces of Code” (,mus\'\\( Goc porposes oF c\m—i\-7 1% oraan(mn—\"\m)
(,\)(\\[ brates 1% in €7

= fotal vacialoes declaced jngide cucly brackers have o scope of onl
' pe Y

inside ¥he Lrackeks — juzk like Foc 1oops
int main () §
vasigned int x<= 8}
|
\)f\$;aﬂec,u "t x= 0"

)
K




Whelb & we Wonk to vee a ﬂ\vba\

vacisole instead o a local?

- &0 o.s'mj the extecn Kuaword,wh{dn ey the wmputer 1o lvoe %h(r\quy ,

ol +he ﬂlnbo.l\Y AeCined vanable.
vasigned int x =10

int maint) §
uns'\sncd int x=5H
i -
exbera vasi jncd i x e iniHalizs avaciable with o valve of the giebe)
Prin-HE ("x= 7Za\n", Y’ vaciapie x
32 ! *$he statement will Yhvs print 10 not S .

-~ Ogeratocs in ¢ —

Whar ace Pe acithweric

0 pesakors?

Whet are te relational

operarors

Wlhar ace Y loaioa\ opecators?

What are bibwise opcm’mrs".

— Same as  Jove, -

.+ addivion (A +B=30)

1= svbtraction (A—p = ~=1b)

iR mvitiply  (A¥e <=200)

th/ divide Le/A=2)

R modwlus ppecatar | remainder aftec Aiv-‘r\(nj (20700 J3°'I.|’L= lo)
i inccement  (A+s = M)

e — o e cremeal (A ——=a)

= same as Java i~ tecony ot meaqning:

‘.: > 2 V=

<z
= Boverer, onlike Java , Hre shatemenks Cebusn a nvmbers Potbee Han Hae word
“Acve" g0 M Falee” 1L =kcve 0= false
= Same as Java
A% w ol
— opeCalrs ok worle ak dhe bik Lrathes Man Llok) level
= per®sms operations on e bit - expression oo umber (exprssed in Os ond 15)

= Courex:

s A= 5 enprawed in Lits o 00|01 *B=9 | expresscd as Wooloo)

- C-roinj fom €4 ~4o- right it cetorns o Lif the operotur condition is Cil\ed)
and o O obrr wise

desceipbion

& ‘&'mar3 I \Y

o pecoroc exam ple,

A% = pooDoO 1.
* opies & bit o He cesul (Fom \eft bocightya 1 g copivd donn
it i+ exishs in looth opecards down i€ common Fir Lok, OHenvise,

disit-isa 0)



What ace preCix & posiCix

inccements 7

Whew isa pe - \-lP with i€-

€% Crarement's 7

What ace 4re lvopinj shkadements
in 7
How do an.:.] work?

l [ Rinacy | OR A\ &= 0000l DY
* copies u it (& ibenishs in

e opeand

i : be‘no\r\j X0

<
— PostCix:
= foc o vaciable a= O}
* o Statewrent Withh e+t uses o in Pae expression,onA Han inwremonts
it
prink€ ("Zd \n® ot 1)) will prik L1 NOT1Z. . enly
afkrwards 1S the volve of o thanged (inuremented)
= PeeCix:
* incramenty Cicek % Hen applies ho wxpreasion
printl ("Zd\n" rea ¢ 1)) will pAm 1T
-

can be agelied Lo inkeqers os well as pointers.

= When possible ‘avv‘o\ nc\Hnj and Use (ompound Skatrements instead | @

i (A>2) %
i (A>8 3% rac)g
W€ (<) s Vs
- 2
- 33

CLOM Pound. g tatement
Nested i€- 2hetements

- {-’»r—h:ops , While —1oops and do-while - lyops , with ldentical Syntox b2
aova L
foc C (r\il—') bvolean lupf)inz,rtmr.m-) L

lexervie i€ teve 3

while (boplean eap-) g

llexccvte iF e 3

do %
llereewte & kve

2 wWiile Cbpolean enpr )



i‘é;\-em Fundamentals in C

Mow de qpv Weite a loasic

fuaction in 7

Whet s o funetisn 9ro+o+\/f!-7
Whok is Hne pacpose of Funekion

pootshyees’

2eamle by vee o Aunchion peotoiype?

Whet 18 tne funcxion call
sequenie in A7

What i o € skrockure 7

b S\‘mi\o\r ‘o :rqva ,u'\'“q +Hhe forma}

exe
OF addShef Cinta,intb) §
revurn & + b %
= ¢ no rz\-un\) Spcd\:y of I\VOI'cX.l

= B skalement Gn o~ ijl’qm) Hhar bgsim\\\, “declaces” o fuvnckion yhelling e
compiler abovk kg Guackion Name ) pacarneiecs ond frebuin dype .

* Sivilac 4y etod decarstions 1n Interfaces in Jave — JUsk a one- line Shatemst Pnak
does MO include & fundkion body.

- Thca inCorm ¥nc Lompiler of u.iSHn:s Rnckions (withoutr nr.u..\.mr(\\/ "nvfhj
bo ion plement Haem riqnt “"“:P 450 Hhar +he wmpiler can

o) (‘Q_Lo%n\'-lc Fhem i€ /vaven -\-\nug are ""'-“J called
) cheere ¥hne Cuntkion implemmtation +o make suce ik matclws Hoe specified
parameters, fekun Yype, ebe.

- Bv\sl‘c_-lly) i® e declare &V 6 o Functims with Fun tion f!r'O‘l'o'l-)y(xs ab the bop F
Hhe FF9¥aM , We no lbnqus have to wecey sboout imp\emmﬂ'nj +'h|'n15 i su[vtn\-ia\ order
(betavee Hre vomgier is slrtady made awan of Fhom),

#indlvde 2svdio.h>
ik add Giok o, ior b))
io: main) §
prink€ (‘:A).\(\", add (_7.,3)\;
rthuca O'J %
= Skracle Erame andetrc ... nok —I-m]r.\'nj noteg Lot Seelecture video
" Funckions La\\ Sequenic and Stack Trames "
= [k is Hne most basic lineac strvdhoee ! (Sven more Haan acrays o lisks)

— (_er\c.b?\-um\\? ke & fuble with proper bieg

* bable name < name>
* Eield names <fieNd>  |2velves
© Blend valves <Qinds [<velvey

- For ex,

stvdent

id = OpOD
P ped D0

ficet = \'lome, c
fcst jan
lagt = de T e

last doe




How Ao Nov Cecke a

C excvekvee (a® S\-ruc-\'"\ 7,

How con we S\aorken Hoe code

c,(e_o&irﬂ a & shrcruee”

= Wwith Yhe shruek k&ywo‘-d

= (nside the strvek; we initialize all oF Jne Fields — providing cie fame and dedartype |
Fo L
shryck shvdenk 9

Uf\s‘%\ncd int pid i s unsigned, iat Slace We Aoa'} waat & 4o be ntﬁ-rh'\-f,

Chae Ciest (G0 ) ‘—'de,z.\an‘nj ficst as aCharacker ‘"‘7 which Ts

chac last [SD1 hSedively & string.

Chae email £75) ) by Maliing Sk a chac afray, we ton Aefine Firstag

3 ') Q $tring Mot can have vp *o 9D characters.

= We can NDT ifaikialiae e Cields (,QSS(-_)HMW\V‘S) thea Ac&‘onn a Sh’ve")
A\ We Lan do 15 detlace [defire Haem .

- \When creating Hae Skyck, pukae l»YPgd,e,F k&ywon)\ at Hhe U.anninj ,and

Haon Hne name o€ Phe shuck ok e end -

I [Rpedef sk §
vasigred ink pid)

hace CirstL50] )

/ -

M onnections similar vo kype aliases
o TypeSeriph (Lorwr 59p)

Houw de ' use the ¢hauct?

\—\vw else an we zed a Shevetr’s

Eierd valves 7

How do \{w aucss Hne ﬁe.lo\va\w.s
(\eers et Haem) 7

3 shodent |

- Fypedef is a Ceyword Harovgh Whidn we Can make Veer=deCined date Yypes
= Uging typedef 4p Lceste a stouek = defining your own deta dype !
L. Cceate o vaciable of bype “Shruek < hark name > ;
Shover skvdent o Sludent |,
OR. (¢ veing typede€ Seodent csShvdent |
(Sl bur detatypeis now "shudent”)

r- St +re Field valves usincj the dot " > perator

s Student. pid = 12 :ﬁ-s pidte 12 For csShudent
skeapy: (csStvdent. firsk, ® jane" ) ek spegraally
s\'rc.e\{ CesStudent . last " doe”) )

Steepy  (esShdent. email, " jdoeg emsiledy”))

=0 Osin3 on ioitializes lisk jwhece YPu Sek bne Valvee ina % 3(-&0\:3 are
ass'\anu\ n gu.vm.\.'\,‘\ order (Fhe Same ooder ‘“"'5 were declaced inWre ghruek femplate) -

shouex student esShudeot = 9 (2 )"jomc" ,"doe", “joloe@&W\u.iLU(\L.th“g;

L—) ombines steps & and 2

= P\Ro vsing +he dot opecodor ( Cocmat speciCree For Skring

?rrn\--c C"ﬁ 4 Ts\n" , c.ssl-vétﬂl-.rio\, csShudent £irst ) )
£s. Forint g




|
Whatis +re " Skecpy = When seting a freld 30 be equal o a Shring ue catot fusk instarkiale & new
Fuack on? S’\‘n?na, objeck ke ve wold in Juve —

w

"= wound NET work in &
(Mrece's a reason For dais Mot we will lesgn akovt (ater )
— Shee PY Coples the si-n'nn fn he seond arjumm{-lanek pastes it into +he 1“'.,.3‘,.,,,,{. N

Strreopy ( esStudent, Frr-.-,-\-_‘ “jmv.") )
— Staadad Tfp : puts and gers in <shdisny —

= Note *in €, biere IS Do "String” daka type.. [asteud | stringe are devianad g
dnaradker arrays (nac L) whers you ean sPc_u‘F\/ Hhe mox hamitecs allnied.
Whet i Pae putsd finckion? [ & Functien in e <stdin.h> header \ib\"My Hnak prinks stangs +o +he
wosole characker by dharactte,
* basically live PrntE ook For AnomURs galy
™ Valike pAntS | pubs does nokgive you G N\A—\-\-inj wpabilivies Liee W Cormat
speciCiers). The on ly osquvent it lakes is an <\ready - Fomated ‘5*‘“'03'
obfeck-

Pr\'n\r@ ("d = na\n "JA\ )

- \054,,_,\4) i exfecks you 4o diefine & Forma¥- your S'\-n'm] howerer Yov wank | ond

THEN  pass Pnek 5.}.4-.—\3 ivo puts( ),
. ? B
& ! # io.
9 x mple Usmta, ps ) inclvde ¢svdio h > already farmatied, charmiker
oy pnainl) %

accay
hac cenyente (50 ) = “a\i\-r,\,\ o he mara " )—j

P""S Lsmx—entt)', pesed. in a3 Gnacgument
retvin O 3
What is +he g0 fondton? [ = Gunckion in e 2 5hdio> heastec Weracy Mot feads o 3hring o€
Yery Coom e veer Linput) anh Shyces it in o pre—clefined chac arcay
abjeck.

* basi LA\\7 ke seanf | but withaout 2any cwi«:‘)
How ko you use gers ) 7 = Since Brerts oo Formalting , we have +o Cirst declare o new amphy chec
accny (Wiew ates ag & s\—rrnj\ , &0l geka Lthacatter l"mﬂ‘“ivs{' ke with pvis¢)

= And Hen pase Pnat empry s+n‘n3 sbjeck ko gets C )




Lxample vsine opks O 1

WWat oy ally happeng

when you €un T_'\'s(_) ?

Whak ic fhe di€Terunce
bawea ¢oan€l) and ¢j¢;\—s(_)7

How db we conveet inpuk Lrom

‘X‘U\"s(_) inks on il\\-zau"!

Lxample vsir\5 atorLD?

Wha i Rrnac W07

\N‘l\a\" is Pu—\—d/\ar(") 7

#inc\vde ¢shdio >
oy pnainl) ﬁ,
chac gentente (50 3) —— ini¥aliu an empl—y Sheing Lhar (1) ol:ju)r

ks (sonkence Yy T Pess HIMT | 4edxe) acqument
pvis (sentence )
reurn O') 3

i \')us’r like with $canf () 4R rsor waiks foe  youfHne usee do +yre sum.-\-hrnj in ZHoen
Wik tne rerven key.
L Then, it +aces Hae user input and socey W in the pasted in Uhac (3 obj (seatence”)
as an M‘ru\l of cMaraciecs,
- Witk jb\s(ﬂ jHhe usec inpuk is always shoced as an arcay of Unam ctees, (o A
what
* i€ vtee bypes sa "LD” 1ie valve Hagh iS Shored ¥+ a shring ojeck of vale "10" —
NOT #he rumbee 10 . and Hrese are 2 very diecent Haings.
T Hovwerver, withh sanf ) [, we con vae Formal sperifiecs ko ask the Funckion
Yo Rad e vser inpuk jandk onverk ik fo o desiced data ¥ype:
it 4= O
scan® (M. d") %4) )‘—‘ @onverts bhe inpukints an unsigned int
- vs‘\rn\—w. arei L) fuocrion, which is defited inthe Zs¥Alb.W> header (le .
*stands for "ASCLY 4o invegec” — “ASCU” cupretents stdnglonac pbjecrs.
Anac b ECec L2877,
ers CoufCec)
ia¥ A= a¥oi ((bvfter) )
= P funckion Aefined ia Hhe <shRio.W> headec Cile {hat reacks vser ian-\-
oNe Unarackes atb o Fime
= RAva, abler rvr\m'hj
C= gexanacl)
C Convraing & 1 Merarer (Phue next thocatet bF vser inpuk.
= Greerl) is +ypicq\\7 vsed with a loop
=v prinks (Yo ovrput) bne chdracte ot a bHime ‘)cve,ry Hme prthecled
16 cal\ed | one Onarackee Wil be prinded.

i* aves an acy of A sinn\a hacader.

= purdnacl) s algo -\’yp(ca\h, vsed with &« oo p .




When e, prrdna<l) and 4erdnac()

vseCa?

f_xamp\e. usif\3 rj:,\—dnurt\ and

P\J\—z)mtxr'O 1

Whatis M EOFE"?

\h\\f\j did we declare © as an

iox Qe H\(,(xamf\c-)".

= \Waen processing siogle Unacatters - For 2x | i€ yoo're u‘;eu\-\'rj Hhe usec bo (nter
a Y ec an ‘n'
~ Rs pppossed bo ccanCl) y 9=HE0), EUINYEL) Jand pukst) ; which art more ysefu)
(;ur Qruu.ssif\_-) s—\—efnas.
Rindvde <ZskdioW>

main ) § eads fne Cicst input croratier
int ¢

C= ljc,ﬁ-u\nm" L')')

while (¢ 1= BOF) 1 o while Loop Haak —while Haore ave SN
Chara Lrecs bp reend —

F\H—c,\nar Led
A PrvYs fne tacavyer i"s\‘ veady ¢

= gerviac ()
¢ =1 “ L. reads tne near tharavier &
’i E Stores ¥ in O

= © disKockive Valve/piece oF data — defined in cs¥hio > as an iok —

Hhav is bvil* iavs Mne aercinac L) tvrerion L) cuon Mnak qeronac O

rekoeas i+ ("EOF ") when Haece IS Do mere inpw ko bt read .

= Vsekn for Siqnaling uhea o Aemioade @ \oop LIKE in prev. pase’s Blample )

= Slands Por “ead o€ Cile.

> RILCALLY Hrie whale prin of Lstatiithed daba bypes is [vst bo cadegoine Sharege sies,
Rein, bonind the soreen, evwn-\-\«inj ic v+ sHced a8 o lgbpatten

= The chac dare type Wolds vp vo L byte o€ data Luhith iz entigh for

RSV Bnacacters) — byt not large tnovehn ko Store Hne 0P valve.

inx dava type owever | holds vp ko 4 bybes of doda jmeanio it wnshore

inkeqers GS Well &S smallee pietes of dava, 1ike Onacatiers !

Sinte we need Hae arquieat vardele for Grdnarly (in Wals cxample VM) ke e

big ensugn +5 hotd BOF in addilon Yo any pessibe dnar jwe dedace it

0% an int daka -\“x_, instend.




Fundrions Call Sequente and Stack Frames
Whakis Line Sbazie in

= Skae mMemory 5w Mewdry VS aqe melhanitm thatr allows +he Syshem

MLM°‘-I37_ mcmnmj +v be vyed as -l-cmpor‘.‘-ﬂ Aate S-Hrt\jc where dava ig o dded or
fomoved in o laav ~in- Eirsy —puy (LI D) manaer.
What g s Whatn a Qnkion | = A Skale frame 15 treated ine Spatle th main mtmtrj.

16 caned?
Matis o grape Ganme | |

= tvory Eunction hos s swn SE Cevta Phe main )

— Seenotes on \‘Pmaram S-lra(,k" in Mmbfj 'N\DU\'“D'\ (.Pﬂabs 3‘1“53)




Connetrina Programs in ¥re Shel)
+—3

\Whak is Bae Shey 1

What is o "shet) powpt” !

Whatis BRSH?

Vow do Yoo o0 & vl guipt !

What are Mre 2. “chreams”

in a Shell?

What is Hne d€anlt "inpuk! &

‘ou\-r,.\-l Coc a ?roz\mm7

How dv we, cewire sreeams ?

> K bype o omputec progam called o “wmmand — line s pryes ™
Mak texs Linvx and Unix vews tonrml Hreie s operating sysiens
Wit ommend—\ine inYerCotes (cL1sD

7 Shells allow oters ¥ o ommumitete eBclently & directly bitla Hese
O(xm-\*ino) L stems.

= Basi c-\_\\7 \ & £oMp prosam ek exposes an o\:gm):inj sys\-cm‘s Servites
bo & \umaen user.

= PoAds wov Wit an inkCate Yo Pre Unix syStem.

= The place Whe Yoo Fype Lommands

= T~ ¥nae derminal

S RLLBLL, \eacnchi B is a BASH sheb prompt.

= Stands Coc “Roorne Rgain SHell”

= RBash s Mg Unix sheh we ace COWtN—\sl osina.

T Rash (s also considerd a Pfoaﬂlmm(r\j \anjvo\jg whenwriten in a Scdpt

= ,sh Gile = Shell scripbs  (wetken in bagh)

= BRSH T Me same \angun3¢ we \eafaed about in “Lw(m‘nj a OLL"”
Caokes 93_3) 4 \s) geep cak TM cke.

= BEaIne Yop o€ ek sl Bile, yoorl) see the line U Al [ binlbach” whidk
bolig Hne shiell 4o inter pret dhe Lommands a5 BASHY commands.

= widh ./ <Flenamey . Shh

= programs have 2 primacy "eAreams " ascddard with dhem — Haeic
inpvr Sheeam acd putput stream. (Where i ceads input Fom ¥ ther
Wk pAnks 1ok cespeckively) |

InpvE L your kayboard

oukevk : ‘,Dvr Yermina) SLreen

—

-

= Poc ox, say Pred e © progam lowee when v, rma\s-l-\/w_vsu—+yp¢o\
tertr and Fexuens it in all jowercate
= Rnd Shy we heve & €ile destl Axd Whidn tontaing Hne text | UNC CARFEL. HiLL!
= F e {ust Ae laroci$ flower | ¥he eoq will wait ﬁrﬂh‘l'ypcsbmd‘ilj
(e AVI) urk Maon prink ovkthe line 200 iy e darminal.
* Mais i dne delavlt input ¥ oukput

= However, we tan manvally @ewire Hese, checame !

- \Jsm3+\/\¢5\m\\'s <, 7 and | opecatecs!



Whel does < Ao’

Mhar does 5 Ao’

\Wardes | dp?

T (edkirecks 4o inpuk (KA ofa Gle jin M Cormat < fopvt filed
= \earncli & o[ \ower & +est 0. Axt

(feeminal)

* e Tnpvk For vne progmm’s Scant oc qekchar functions S fedirecs)

Yo come fom lechb bt cadur baan He Eeronceh

" \howover e Stdoot 18 sl e tecmioal guceen
- redicechs Hae QU pud - ($¥doukd ofa Cite; in Bac Cormar > [potput File])
= i L) e Qs O Fert > myresold, Tk

\earned cad W\\{r—\_su\-\'.\—x-\-

S Mne qorpur Lalr redicteted Ly (ome Eomn YesiD bk i“PU*B o e
fedicected to e Rle mycau b xt  radher Haoa Hne recminal sLreen
T cal vyt el b prinrs tie woknds o6 Phat Gle, which we Can see
2 Fne same us e +ar Pk Wos pev. prinked to terminal !
= Teige” whicn is vseddy onnel: programs e twan L ?ﬂ’\vlrnm
ond 1 Cie

\

= leamell S cak Fegr 0. Fck \ '{lbwu-

° Mnig line wAdecks Hae std oot Fom Hae LeF4 POgam Lca¥§,and
"\W'SS ¥ in as Hhe skhin foc dae rig\n-\- (srosmm C -/low:.r)
1 aC—Cee,\-'w:_\\/ does dhe ame Maing ay . [lower 2 bestO. bxt



Sy\s\-un Fuadamentals tn U Arcays
\Wer ace e propeckies of S Same ay Jav LBV Weee's & Yelap |
N sins\«.-o\immsiom\ “’_“31 — Lonvigisus  sequence o€ elewmunkg ordered lo\:) inder \veationg JU‘Am
e ik demnY i¢ @ tades O
TAE IR Cinal indes position v n )-HAL \e(\:‘\.\/\ oF Pt M‘\"\ﬂ s n-1.
- wn\—'-:l\'ous = o opun sPOTE N Hhe arm\j

—

a\ll Aemitnk s in Mae ate lhhave P Same p}\w\-o\-l-yPL~

How do you (reake an a(m\a_ = VUalite in Java, in C we tn Keate an afcay 0n e skacke.
ww C ? < > < > E 1 .)
q—"‘*"‘"f\-"’( iok oecl L5 _.!') ™ feakes gn arcay Hnar Wolds § in¥eqecs (but ¥ ints

afe np¥  insbialited Xo Aw\j \(A\\/L)
- \—\/«.u; Will Jusk le wiaewr is &k pyee v N\CVV\\)rj.. .o taig SN besl
packi ce. LRLCRUL 1" lwilk =in dalva &\(pzs" notes on Ps.l‘*)

ink arl15]3 = € )2, 3, M 6% ) inibialiedh wilth valyes.

How muen Mempry is = Simple calevlakion |

a\otaded Poc an M‘"‘\\Q". #0€ byles = l/j o tlements (aka ascay ‘“‘l’“ﬁ. X mesocy <ive bf kdm\]t}
- Coc tr, arcl allocakes L0 loytes o memoxy .

How do we caleviare Tne = Twe C sizeof ( ) operater retorng e sine Linbytes) 66 e ocqeent.

‘OJ\%\‘\A & an acrm&? \lr\siﬂ\m_& ot $(2¢ T sigpe Giet) ™ equals

= Un\iee in Java ) Mnece is o occ. \cna\-\,\L\ mernod +o (ttuca Hae & oF
Lements

= Howver, (€€ o actey s created on the stack. (vecsos on e Wheap)
we caa dho o calculation by Figuce ouk-tre no. dF Llements.

\m-;\\.\,\ T # oF byles / neemonysin i daadype

— We can exetu ke Matg calcolalion US(I\j Hhe Sie ot ng,raL\-oe‘.
Vasigned inY asc l\cnﬂ\-\/\ = sizedf (acel) [/ gizedkt Cind) )

Oos C \have acay loound, 7 Noge! UaliteJava, whieh Hacows on Tondex Dor oS Bounds Exeeplion i€ w
c,\r\e,z-bins", Ve Tvies Yo octess Aeenks gurst At e end o€ Mo(ro-j CBeLRW, meD))

= ™c veavior is vaprdickabole — ik May woell (ond you'll qek a valve e

So oher hoppens When a vser is ramkom( ASLEN & Mot SENSC)

Aries ko atess an Tnder ovr-of-bowndsT | — O ymoce Likely ) your progrom will Skop ,exik, and Macrecminal will have

@ message 5«.3\‘:\3 “Sc%mn-\a-\—ion favir”
= Thisis a Memocy s violatiaq — +ryfn3 Fo atess & ceshricked acca

o wemdry ke memdry n ot allpcsted
+o the acroy)




ot ave B propecies of &

W ¥ —dimengional ag ""“a 1

How do we reare mulks-D

&rre.\ts in (,')

Waer woold B (oo tivte
QS A kavie Q
WheX (s o Ohacacter p\rrnj?

\What are BW“Y" Lo delare

O \Narnetecr ﬂﬂ“\\zr?

Whak is noll decmioaki o0

What s e aull decminator 7

7 Same as L-dimensionad 5 Indnecked bovndg Shll evpply |
= Cun~ Nave 1,% 4,6 - any dineNsional aﬂ'o\j (not
jusy 2.B)
ok arc C223037 ) — {ai¥ a\iwes nn aﬂ‘r\j o€ L "rows' & 3 olwmne”

(aidnoot inikialried valvey )
i [y C23023 = 0§ 41,2% 43433
Q1,234 %
both of Hhese do Lhe samu.».:na 536 we clontt. VSe iner eucy braclecks,

isnvy N\ C22C23 =

e P B0 in Mne valves bg @w +hea colvvin
ACO3UO] | AT

AL [ AT

- B s-\'n‘l\a \ RBeLwst O lhas no Shng Fype

= Unoneveed bownd Tssvey sl apply.

= in G, we i create « thar afray & inibialite (b ag € i wece g S-Fn‘:ﬁ (e
in Java) —as i, doa'h need do “‘j vt eacls valve in bratkers:

1} vhec skl = Vaked”; VS iaracrCA3= % 1,2,3.43

7 Wealso doak bhave do spu.\‘C\’ & size vh he arfay
2) Uhac ske T 1= "aoed”;
Bok i€ we do spedCy siwe, ik mosk be L site Larger Hhan Hac sisc of +he
Sxeing — Cor Hae NN kecminador.
= We con argo jost Tatbialize i ‘nocmally! wibh bradesty — out Haen we
\Wave Yo sPu_iC\'M\\\/ add Hre 0V Yecmiaedoc
%) vt e8] L0, et ND i;
nutl rerminator
L day to indicuve wWhere Hae s\-n‘nj wnads by Placng a Ml Yeeminatirt! ag
e \es® e\emneny oF ANV Onar acral -
= WY Lnarades arcay musk ke nvN fesminated Foe yovr Proaﬂmb Work = ovhawise,
We Aoak Raow Where the 9““""‘3 ends.
= L¥ can be etther e ASCTT cvarasrer e NOLL ,uitonis \O .. or Wb cao JuiLe Mo
iy 2200 0

hae sirCBz $0') ‘).\D%J. 4nese 2 are

Chaf srep3ls i‘&‘, ' bll ot ; c.ttoﬁva\m\-.



Whal hagpens i¢ YW place

e A\ feeminador Spmewher eke’

ANaX e Hne & Shang. > header
Cie?
What dots Llne Strlenl)

funcki ao?

Whad does Une s+r<.‘=y(_) function
do?

\Whot is o polki Aimens i onal
\waratrer m‘mn in 1

How does Scan€ Cead input

whnen CI\.\\’nj a molk-S dhar arran",

= NYLL decmination manks e end oF a s-\-ﬁ‘nJ 50 any Dnarathers &JDﬂJ

0 or /0 oce constdered invalid and won’t be md/pﬁnna.
Char s L93= ¢ ‘a', 'l et e, N\t 3

Skev2-3 = '\0"' , Dv\\y We thacattus vp varil she( 2]
Pn‘r\\-c ("Zs\a® y Ste )) Wit be read.

L% “al”

T e Shrigg lbracy i C Haak provides Many skang funckions,

= Deagimines e Nvmber 8¢ chacaters 0 @ dhar afcay (vp +» & not Fm\vo\inj
Yoo auwt rerminakor) | (Bind retoras Hhak vawe o an ind)
pntt ("7 \n" ) shetentare) A
= (opies a s*-n‘nj {
= Tor & nC, yov lanaoy cel dNC s-\'n‘rﬂ g,lq.\ Yo anvhher ceavye '\'huj point
1o ACC memory wddreases )
—3 Do NOT Do TUIS =~ will cavse error
But We tun vee shrepyl) do seb one g‘\-n‘nj equal Yo another
= Formak | Skeepy ( ¢ destination tiring >, < tourze s¥dng> 3 ;
oe sl 3 Yavi” ;
e ¥2 C3= “rob’ )
S-\f(c,p\, (s¥cd | 8bc2) | = tontents of 92 Lopicd Yo &4l

prink € (T7s \n") sten))

(S rob”

— Bast (.o.l\\, o 'list o S-l-rﬁnjs | Foe ex -
represents o ok vf 3 SFn'ojs La\b-«}mws))

Chae $+r_qfru3 L33 LID-_[')
each with & maximum l;na-\-h of 10 Dnaratters.

= We cun vse 5u0f +o Bl a owlki-d chac om—-.j_.. $ean€ avl-omaﬂ-\'m\\y
Kenows hiow Yo NULL keeminate Cofrechly .
— &asrm\\y , P vser '\"IP“ in inpu-& 1t Flis o rpw ,hocacker L_‘] thacader . When
\w Wik Me cervra ey SLon€ aotomarically does T Hasngs *
1. Lopies e, newline Char, \n yho the next spot-in the cow

L plates e NULL kecminatoe \D in Hne spob immediotely aflec.



ik&vvxp\c of FMLATOJ input
Lo e mJ\HAcms(omA dnac

ooy 1

Chae S'\"\'fj__ are L3]I Dj} T iniXal(ing the array

Coc Cink (=0

S(,an-(: (_“ z $I' ‘s‘_n.nj _ arc C.i] ) ;

R

by

Coconat gper. Por Steings !

= \f B veer lapuk was Hre CollvuMJZ

™ Then the armay in memory would ook tilee this:

o0 L 2 2 4 g

6 1 % 2

ie3 ive )i-—) 123 boeavse wWewant +y Fcl\'\-\mafrnj

rows (andk there acv drows)

newlvne & Ml thacs placed

\
o VD A S ¢
1 # VA D e R
2

dukometically alPler dne Corst
sl-v\'nj

[ {C there ace spots rf_mnl'nl‘nj aCrer
MW yeeminakion, Hhoy nt 4+ Ciled

W] whatewr wag (eCrover ia mm;yj

(iby irrelevant )



Po:n-\-e,rs

What 2 Mo “man w\omocn"? = The mara memorj of & 2ompuier = Hne RAM { random access memw:j)

What eveq ii'mq_mwj"( - Memory is feally Juska Sequence of bytes
ks bn-\—e, = 2 lbits
= Sadwn byle s S'wu\ an addcesg
\Whatk s an aAdecegs? — bﬂSicaHy MVebers Hnab inde< Lae \ocakion of a byte of entent — dne
S-\-'o./kinj akRcesy is and Hre c_\mx?nj addauss is
= Sadn address lvention sheres L bute oF dota.
- fepresents Hae Yot number oF @ddress tocations,

cgimilac Yo mmy in ety b6 in&cunj (3¥acks ay D) % Icrﬂu\ (N-21)

Pow do Yo E-aow Hae dotal = lts always & power o€ two ——

nvrber o€ addeess Logatons fnat ‘focex, i€ W= 21 = 1o, Hen the lask addeess is 3'7"\3""5‘: at 5.
tAiSY 6n a wmpvkr 7 - The valve of e exponent ¥ Cor o 31vu\ Lompvier is qg,\-\,a_\\\l Aevexr mined bj the
numleec of memory addes biks: The # of bina(:s bits tnat- define ammwj addess.

= P compvrer wikh 4 OL-bik system -~ aka ibhas 32 biks Hnak represent 40 addiess
E*'-M?\‘ 1 * This weuns Ma¥ Hre $Ysrem has room ko stace vp Yo addeess Ivcaliens
in Hhe main memory,
* AN Mae lask addeess will be
= Since one addeis loe, stores L byte of daka | pieces of dava [davatypes thed arc
S0 how ace piews of dava 7 L byke Wil Yake vp mvlkiple addrest locadions!
shoced in Hae RAM? - Eoc example ! 23

ink aum =3 5 s the size sfaniak is Hoybed 4 agdeuss | -

— .
(5 pg.1H of locarions — |
SR oFpotes) needed +o 1 ,

Stare, num

SNe would Ynen be avle b attese e tm varade ot addcess loeabion




How (ap we view main — A< an a\'raj data Strvchre ! Vcrm gimilar
M(’.W\Dr\ﬁ Lo mcp*va\\\j? * Dol ace drdered wolletidng (aka 5g1wn;c,s)

* Bovn Lan be rw\&vm\\j auexsed (7))

Acc )

index nvmber \ocakon ko aLieas an ; memory address tvmber 4o acters “’Uh"’

RAM

e\emeny in m(morj Valve in mamnrj

Whatis o pointec 1 = N derived dakakype in G Hhar stoces Hhe memecy gddfess o€ anvher varable
as  irg vale.

= & pointer is iniMalized with +his sa(ﬂ-ax'-

P | e " b T pointer Hnak poioks ko an iat

= Jusk like inkeqers | Onecs axe, “pointec” is o datn Yype aod psinters'’ ace
variables that kale vp spate & need ko be allocated memory.

Whak is Hhe &\nra:f, Siee &Afn’m\d? > Thna 32-bLi+ 539Lm5 Y bn-\‘-s

T Tnoa WMLt Syslem ] bytes

How do ou assign & Valve Fo - “5“\3 e address-of opecatror %" b indicate Hhevarable it should pomt i,
A poictec? io¥ quen = 3

it p = Tum )

Whe will p ceruen now ? ik will cedurn the  addeess o€ He vadable  Avm) i«"*'“"n'. Spui?icq\\y +he

Skack addctss (e addresy o€ dne 14 byte of daka rat dne vadeble it "“"“”J vp)

Waal is &wum\\y b,_;,,a shored = ibois 5.\,,,\-,\3 a mcmnrj addcess 0Lation itce 1€ — +he addars & Hhevac i+

< TA P in e 1 s Ak,
Fic the vode e U mmnrn) points a -
. RS D
10971
(R0
1059
106D
(4 - 200 M
@ 2205
1 20066
2007
How can we dedecmine Hne T By prinking it out Vsing Hhe pointec Cxmak specifier, Lp
addcess Hrur apointer poitte to? primt€ ("Ze\n", o )]

Lﬂ-ws will print 108k sinccikis the M—oﬂ-inj mem - addeess Cor Auer (oot \osw,msq)m)




What ;o © de(cCgmnu-ga" = The procees ,Foz,\-,‘fq;m‘\ e valve +hay +he poioter object is poi\‘vHrU at.

& Eoiatrec? ° Ak .a. ,whak au\—ua\\y axists ad-Hhe MEmIny uddecds pranded by
Pricye "~ p\n" | p)! —> ootpur 1 10Sk
Mows do you AereSesente o - By potiing Pae ¥ skac  iq fonk 1F Hhe printec vasiakle Name
poin\—mr". *Pwis indicakeg that we vant the valve at+he addresg

ik avm = 3]

int” e = &er')
ot C 2o\ | ) — ottt 105k

ponke (7.3 \ " :p )) —> ourpur: 3

How do we Unanqe [ set the - &5 do@«mcinj P laka vsing e ¥ Y ia an equats shaterment-:
oddres s
Valw ¥nax O Qoicks fo? *9 =20; L [ Tl
S chcmaaux.va\n at addrss 1056 ; y\:::
10gq
pﬁt\-\-‘(: (_" VLN \n’ ) ¥ p) J 106D
s .
po¥eut 1 2.0 oo
e ’éacs
0 2oee
2001
Waer heppens i€ o dirl.c\-\7 — Nou (_hm%,, the actual address that it is poioting  to — usvally dea'
Whange the valve of p? Want +o do Hat.

What wappens i€ you Gnange e | = Tine vaciaule vill 6l Le ak boe same memiry addecss, and e puinter wil S0 goink 4o % —
VAW & Mg, variable Hnod Fhe puiniee So tae potrter will sl be thoring Mat vadable !
poiars ok ? ink o =3
int” p=& v’
W =30,
priokE (" Z2A\n" ¥p)) > Qiputi 30 |
(on we cet eointers equal +o othec | > Yes ! Toen dne pointecs will ok poink- by Hhe samg variable in memocy
Printers? int* 1:=9
pant " 1.p/n", ) ) —> oukpur 108t
— yAr*""‘\v\'a % Poickecs —

Wow ae accans & Printecs tlated? |2 A(‘ra\as in C are (éo«l\n u-\—v-\l\j pointecs |

= The neame oF an array Siﬂ\f\j ceCecs 4o Hne Memory wddcess of wl‘qg-\-lrw.nrmj stucts.

o+ a3 )
S o 1% 4he s.mc.-\-hinJ as %aldl
Yow do e create a pointer = Since e fame of an occay is alrcody a poittee | ue dont need e X opecator |
Q¢ an a.crmo',l it o <ia 5 vs ik v =3
i p = &nvm3




How does s ook in mevnarj'{

Can we “:‘j\?ﬂ ovrdne erack
addcesse in Mevmory o an e\event

in o a.cfdns‘!

\Wax dees &AM mean in dnig
Lona\{_x-\-—{

\N\I\A\f i3 a P‘o'\r\-\'c( {)i-\-;t)\\\?

xamplc o€ winere « poinder

will 3’19\& ur\?mMu\-Ma\u b\mvinr?

address

o a037=%12,3%] a 1 105 b (110577 155%/157 )
iy ¥, = o 2 10LD C...J10&3)
P
’ K.) 106V
HS:]ks Cor 1069
Rach inkin e 072

arcay

2000 ([ f2203)

P 105 & 2204
206 ¢

2012

= Mes! RAM means 4hat wWe nve an exack catzviodion ko do Hhis -

- For any  index )'an addcesg of af] g o

at ] sizeof (. )

= This (S dne exack Some ag pCi] gince Hic arcay name ©s o poivtec

Foru.,
addsess b€ o [o3 = 0% + O¥ (U) = 1056
addtess bE 6 C23 = 1056 + 22 M) = |0y

= Rmeans Mok i weace given an accay & we baow Hete R %inﬂ: )
3 e addeess \owlion o€ Whiece Phe acray stacks —aka O col
- fve index position of Hie Llement Hhadk we'ce -\'r\A\'na bo acress
® e size lin LyresD of tach element
Then we can “r‘Mdvm\j atwess” aow Llement in bne ey Land otior
<k it valve) \3\3 Simply us(na-)—w. closed =Firm calentation desonled above!
= Sine C has we Lounds ghu.\u‘:j y V8ing o poinker to actess elements
ovrside o& e arcay will feult i unpredithable behovior —
*we (ould T"\' a Valve Yol we aren'y expu;\-'mj
T We LovlA qer o Wemoy aciess Favlt Leccor) ) aad Hie prosgam willesminate,
tay a €23 = $1,2%
oy * p= @ )
panke (44 o' a2l ) ) _’\r either One W Hhese i d regultin

At (" 1A\ | 23D vnpedictable benovior.

—Pawvions and Poinkers —

Whak does - wean when Yo define,

o funcMon Ara\llw.fﬂ' usinj a Puir\\tr'!

= Pointers (an be acquments in Qoskions |
= This is called o “pass by reference” —We are po.ssmj ina refecente +0 alocation
n Nomory.
— Ra¥ee Hran e aprya arqument: valve being pushed 0tode Srack Frame, i is amemany addres;

Brak is poched.




Examelc using pointecs as > B Badkion Mat swaps a single chamacke at Hne some gpedCied index in ). steings a and b!
Conction A"JS-! void Swop L(_\AQ\—' a, P L) uns?and\ o} index) £
hae bemp_a = & Cindec] 5

alLindexld = b Cir\dt*j')

bfindex1 =z femp_a |

Yow will e MOMbey Shack

= Ficsk | hece is Mae Stacl When ius-\--Hm, maine) Cynckion exichs -
loo ke when swapc?) it cahed?

ok maio )5
CWhae x L_‘l =) " SQM S,l ')
hae y ca=" \air\as” ) SV
main
o takes vp (o
(%n S I
5 $nas 1o ) b-ak; € Spate
X (“jams[o”) f—— bav 5 byes
- wa’w\m_.n SWAPC.) i called t

Swap (_xJ 9, l))

prokl Mx=vs VY= VA3 \n") *Y ))
S¥
N index (ava 1)
fetorn O) poges cwap
1 b (ara \208)
o (ows \DOO)
eV
S«
“ main
Y(9inqs 1o")
¥ (“jams[o")

= When cwapt) hos been execwted :

—_—
proxf (Mx=vs M VA \n") * j)

2 <
index (e 1) b
. ——— e
feroen o) CLaea 1008
’g £ & (ewm \200) .
Pswap” glacwe
Fame 'k“'hb\aed S¥
ﬂ(;fms Io") GG
QUTPLT  x :\S;ms) y= 5‘“35 ¥ (Dysngs o)

= (0 YT & exam p\L,WL were nb\e ko pats in x and y at pacameless becavie MJ are

har GCrays — and names 6¢ Shac arcays ace a\rw.o\\s eoioecs Pnemgelves J




Vow ace PrinYecs vsed as °‘3“‘“°‘“"
Coc Obher dava \—391.(

lnoraccays ) 7

\,5“'6 XS 'HI\( Poinkes & \Dﬁ‘nj

vseA \ike an m—rmaﬂ_

(LLLPLL: Winal it ashrvet?

How ace pointers ved wikh

(630( A bv Serules 4

Txample o vsinj Polnters wf a stwer?

= EXRMOLE « Funchim Fhar swaps the valve o€ 2. in ‘egers |
Void swap Gort aiend* b ) §
iny Yeerp_a zafod)
a(0l= b
"b= temp_ o 3
- 5«3‘\‘\3 atol is equivalent o Ta (M dorubucenced poinker )= bokl,

fevuen e valve pf Hae vadable (tred av bhe peinter.
= M <heued” 18 bo.sico.\\\j an ohiet bk 15 coct o€ a o\ bC valves .

> pointers can point at (-'\,pe.\r_( strucks, jm- like any o date bypel
- Rowever when A(A'LQ\'C'U:\J o poinier Lo a skevek | i A want+o deceferente «
seecific Civd of Yve Stevetr Lo withher st o et Hae val) the snnh\x is diftetent:
Skvdent Stuad = .. ° Syarax Yo cqeare & peitter Bthe sSame
+
Shvdent  pontec 1= Xs et / dereferentes pointerd and seks e valve of
2 Hne pid Pield oF The Skodent objeck, Shruerd,
Printer L=>pid = 1S

bo be 1S,

""/P"’\‘F steved § — definey o thrve nem=d Ve b Ui wntkatng

int d 5 a Sl faned “d
S«
Void vpdate Lrest? o ,ink Aava)i i raain
o Fac
P—4d= ela.\'-\'/ 3 Hae shak
ioF main ) € ¢xample.d =D

Legh Rample = 1\0-5.)

vpdate ( Bexampte , 7_0); Hhe Shaey SF
Noyy .
. uPJ‘q}L

dera (20)
P (aa \0D0)

SF
main

€xample.d =,|/61'°




Poin\tr s\IMMAo\Q'.
wp4q Aown lasl 2
Shcles 46

(owe %l‘q‘é



Mw\br\\)) Alocation
gt : how is & C Pmar«m

execvred Com tae Lommoacd, line ?

What Wappns when e program

is eecoted 7

= When vou eengile o pogram (aka a < file) Fom tne CL[rerminal, a0 erecoranie”
of youe Ele is eceated .
= L opXiens ¥o creare an exesvtable
2- Jive the Brecutalie & name when Cvaning the compiles svsing the "-0" C\q\j:
4ee ~“wWall mjc(\c,. L -9 heln
L. !
don'y add nF\a-j With e namc, in Whith case the Comgllec au\-mﬂa\-im\ly [by
QeCavlk Shuecs tne, erecululie vnder Hae name “a oot
Aee - wall M:C‘:le..(,
™ To rvafexewie e progcam, ¥ype 1./
[a. o0t or [hello
= The program s o.ss\'amd\ memur;
- Svex_i(:ic_a\\y) Wis Q.,s-ﬂma ¥S oA —ara not sharcd with any ot Mnning
Program in Bne syshom — One of cach of dheye U -Hninas s
Peogram Straew.
P(ba(l\m Heap
=] Read end Werike datra Sejvwn-\'
M Read vn\\, Aova SLSM

- ‘:or oNe ij(am'.

EEE ®

= Stace. Memdry —

What heppens when a funcxion

is caned?
What Napptns when & alled
Gonckin reduens 7
AU CA

How are thucw. ramts Hemselves

Mﬂ““j!d"!

- N ghack Lame (SE) is creaded,
- ivf—‘j Fonction has ik pun SE - even mainty (becavse afler al, mainl) is a funckion )
T2 Local variables (i.e. those defined inside the Ponckion) ace maintained in
e SF.
™ The Lunckisn's SF is dzshosu\.
* a\\ \ocal variables qo ovt N swee.
- %3 o.Ssuv\\.\Y Lode [Whicn we Wil \eara more abovkia (DMP 31))

i appenrs Hhar SF¢ hre :.uhm-.\-iul\\j ceated like mn\-]ir.,lw\- 'Hma acen't.

T Stack Fromes & Hncvadables ingidy Hwm are frOJrhW & delined at Hae nss«nh\; tode Jevel.



\A\no\\/ 13 & tode bmmp\e.

Yo demonsteate how a Gndren’s

shack. ogecates

-.O«nJ‘E.-

iok add Link o, inrb) 1
+ all Hae lveal yaviabley defined in main are

storeel here

i dz arb)

redoen ¢

’1S t these vaniables "hove SLope 4o fhe mainl)’
(nk madnl) &

ioF a <0, * when AddL) is called )t 2ceabes s sua SE !
ik b= 20 Tiv evarains & tne vadabies passaddorthe
ok ¢ = add(a,b)) funchisaasiacquments , and e (o)
[AITN O") vacs deCined in addl)

?) THese varinbles "have suope o Hhe addl) "
‘wWhon addl) returng , &\ o€ Hne 1ocel vacs Llive d Ydefined in it

% out oF stope K canno lonaue e vsed ... & Hne SF is Aes\’ro:y.&.

i \ikewise €oc mainl)

Stadie Membey —

What is stored in e

“read wt\\\'" Aaxa Sey'\ﬂ“-q-

Whal ic a constantyvadoble
in 1

What is 6 qyoba) vadade in 1
J

Whalis & Shring litecal ?
ek ig shored in Yhe “cead

and weike' dara Sejmtx\\—’.{

WWat i¢ o4 c¥adic variasve

in C,1

- la enecal , Mae fead & wele daka Se.jmcn\- and the read m\T data ujmm\- are
fefeced o as * ghatic memoey "
S The read M\'j DS shrrec valves Hhak can be actessedfread , but not c,hafncd.
Ty shoces > Fyms i dava -
2: Madaine Wnghekidns —daka, your proarhmlﬁnc vedein youe program,
L Consrant glshal vadables
& S-\-J\'ns Wrecalg
~ N vaciable whose valve cannot be c)noma«.& onze ik is inikalited +» some
valve .
= dedlared Wi Hre conzt K&ﬂlﬂbrd..
= tonskamn= B i € s eqvivatent b in
~ K variakle deilaced Oubside of any fnchion ‘ovdj Levea maint) ') |
-k Sequente of hacacters entiosed in dovkle quotation macles — lite the Fiext a(‘j‘llﬂm"
in o prind€ ghetement 4nak watains Focemal specifire & e newline chacatker.
- 1 ‘W\;nas'.
3 Global vadables

T Skatic vaviables

= When avanolle inside a fungiva is declacedh Stetic (with ¥he k.cswurd)ﬂm\\'

Means we ace :q:n:) RS 3\0[;..\ Stope (despite Lr.\'nJ inside o Cunction).




When ace vaaab\es in ke shekic

Memvey Lecated ?
\When are ‘HI\(.\S dLs-\-roJLd?
\/\\\I\a\\‘ s & Lode eXample

Yo demonskeaky how skalic

thorj bperates 1

Whok woold Hhe akic Mt,mrj

of Mg Fuacrion \ook like?

= \When Your pr-o\o‘mm Sxacts — e s ydor P""j""”‘ enttrs Hhe Maial)

O when mainc) i3 called.

- \Wea Your program tompledes — fe. when ik exits Hiemainl) Ceither nnrmny

oc nbﬂnrmt\\\\/ ).

— ¢ e J
Const dovlle PL= 3.4 0 conshantiglba) variable

Aoulre laced = Oy P o non=- tnstan) glsba) varalle

ny mainl) §
SYadic int Cadivs = o} ——— 3 a stakic vaadable

acea = PL ¥ radive * radivs)

f\'\l\'l-(\: U» z0¢ \ﬂ" ,afC“B ) Qa S*‘rfhj liYeral
refvea O

5

variades L P,

“Y2€\a")

Variades ( area,

fadivs)

- [ Heap Memoey —
=4

\l\l\/\A\" is \nwp MQ—MD(’j 1

What fuactions tan we canl ko
A\St\am(cq\\\, aNocare memory while

Hae proqram is Nm\ir\J'!

\A\I\GA— c‘mu\"\or\ A we ca\l Yo

Aeallocare wmemocy 1

Wk header Gl incvdes Hiese

Mem. a\locarron funerions ?

- Muv\br\j a\\otated Us;ns e Fuotkion catl o\\)r\‘c\j tode execwtion (i-e.fvn\-im'.)

Wil Your codve ig D(u_v\‘;f\a yYU can alZocake and deallbcatre
Memory in the heap @k cundime, A\anmicel\y.

= mallocl) @ ("memory allveaben”) | flloeakes o speciCied ambunt (ava cite in bytes)

ol memery in e heeap.

= talloc L) ° alsop pesEurms o Memory allocalion, buk inttializes all of Hhe vaies
oF e altvcaked Memory Yo zevo.

= realloc L) | Reallocakes :xis-\-inj a\\vcakred mcmorj

*Vege mal\lve L) Uin ike im?\bmm-}-a\-im) ko allocate Mcmurj

¢ Vged when you Waak o Change Hhe Sive)amovat of mempey Hhed pov in'\\—iq\\\,
aMogked Wik malloe LI,

*For EX ¢ ) “;3-‘“"‘“‘3 malloe'd 2.0 by {eq of memmj and you wank

Yo eayend i+ to 2D b\o\-'os .+ DR vite versa- You wank do downgize it
Yo \OD b\ﬁké'
- ‘C(&C): dea\lo cates LG\MM\n u\\ocq‘\-r-k) memory.

= finadvde 2etdlib.h> !




How dowe malve () work.?

Whak does  “void* mean 7

So Whet does Malloc () w\-\)m?

Whe exigre in Hne

A\ ocated\ N\cw\ora',’ CAW)
Examplc \)g"lj melloc ) T
How dows Fee () work?

WAneY ig dhe Pnramr—-\'\'.r acy Coc
Cree )

Tx aple usir\j Free D

Whak Qnovld we do with we pointer

Vo afyer La\\inj Steel) on \—\-7

What are some (Ules rcjm—d:nj

heap memory ?

= mallvc)'s meted si\-)na-\'uml VD-\A\“l malloc (Sie—t ize) 57_ .3
= The pacam e acq When uxlh‘nj Malloe () (S Hne Sie,in "’3"" )bf how mueh

MLMWB You wvond +p allozate.
= mallve O hag o redura +}’F¢ of " void*" ,Whith i3 uged £ o Funckion Hhek
WeNS Lo be able +v retirn a pointer of any bype (i doat hewe +» :rui(-'\,
kY or nac”ex ) L basically o " genenc priner”
= When yoo call Malloc ) jhhe syshem Wil qp 40 Hre heap area of Hne membry
msf.'\aheo\-\-o Yove peogram end -Lrn o vcare +hat & o€ L5+cs.
* ¢ svetess Gl , i relucas & poiner +o dhe memacy addeess in theheap
of  Whecre Me  allocaked memory shacts,
= When 09 Cirst allveaYe (beCice eu,-hohj puring any dota -“mrr,))a(\j rondom datq
valves lefhover in FNet spokin memor y Wi\ e in vour Am— 'H"‘-j doa'y P AN!U_
* moalloe L) does net ds inidalitation,
P 00like calioel) | here all f +he valves in e MM, ace inikialized Yo O.
ok *o = Ciod™) malloe (sizesf Lind) )
* Use the sizeot L) fonction 1o hele you Caleolate Hre ¥ oF byles you wank Yo dllscate.
void free (void® o) €123

svoid ?ﬂna\'\'m,o\\x&“‘\— reluen ‘““(&*"“"‘S'

— mebnod SignaXyre .

= When :.o\\\inJ Frca(),pt«ss in ¥ae pointer Haar points o Hhae first mcmp\-j
o ddcess of e memory Hask you wank bo deallozate.
* 6Ra, khe pointer okject fedvrned whien You caned malise() !
= Cree () dealloc a¥es ("Crees") alt o€ +he memery nddcesses agsociated with a
Aivq\ Mmalloe LY cal,
ok "o = Cind”) malloe (sizest Lint) )
by matoce) ace “Feeed”
free Lpﬁ;, ~| 7
Sev bne pointer +5 NULL aflerwards $o Hhat later on, we can

AU Y byles allveated

= Best praciice !
Qneee Jverify Baak Hie memot y has been deallocated by seting i€ the erintec varisnoll ¢
p=NVLL
Nov musk Eree oW of He ™Memory that yov allocake.
* C \eg no bacbﬂrbmo\ Program thok dues "gackage Coliection” of detecking X«Ffu.hj meruey
©oc oo
* Woenewee ypo AM. ving malloc ©) ) qov st eveakually sy dealrcobe vaing Free( ) !

The # of malloeC) calls MUST = H of Freel)s.

P ol mallseOs > # of free)s = memocy leak

K of malicds <« # of freelds = dovble free wondition



\rxl\l\a\- s a mc.m»rj leaw. 7

Wher hagpens o yoor pregram

When Haere 18 o MDY lear.

Whek-ig o dovble Free

ondivion 7
Whab cavses o doube Ceee condifion?

Whak is bne 24 heep e

Whok 15 6 Lommon miskarce

When us§n3 poinkecs in Cunckions 1

xomple p¢ Hris mistare?

—> memdey +hak 18 allvcated l-\-; your PWS(O.M bod i< no tongec \:ﬁng vged .
> The reason Hhar we have ¥8 Free all ofF Yhe memdey ek we alleate.
— Unki Yoo frec ot allocoved memdry , fhe program can'y Use [revse Hhay space,.
$o i€ you never Cree AWM., Your program wib eventvally n ovk of heap membry
space.
- Memory fhat is unnl\w_a\-u\[?lrud\" bwice .
= Qecolte in vopcedickable behavior — likely o mc_mm-j atless vidlgkion or &
SeqMentarion Favlt,
- (,omm»nlj happens when Z pointecs are asﬁav\m\ toame Same addcess i memory
and ten Yoo call freeld on hon poinds ar 2 diSFecent locabisns in your Projram.
P(\ans e 4o ste i€ pointer is NUL-L be€ore Yov free it
* Bverghime you call £reel) on a pointer, ik ko WOLL ofter wards.
" This prevenks o dookle Gree condition ble late. o, ypou caer progcammaticall
chece, i mem has already been unalocored (i€ (== NULLY Y before tling

Ceee ) on e pointer.
) o_e\mmins a Poink.r Com o funekion that Poin¥s ar a variaple dhat

Was cceaked e A Skacie fcami ! DON'T want 40 do this.
* Wy T Becavse onie Hre unchion 1s dene & rebins Bne potnker iy SF ok destoyed.
* The pointer Will e \¢CF poin¥ing ok & mumory wddcess fix whiion an S
doesn't exigt (40 there's NoHhing Prece )., & o some point lavec o0, anormmer
Fandoon S ¥ okabla might oceupy Hre Same St S basicslly Hae valve 6f o wil
e c,\Am:)\\\3 = Wnid u-s\mh\o wesn'k He (nrention,

= sf—ﬂ nexy- Pua(, ‘




%_)(AMQ\& of +Wis mustaie

WWhek 1e e \Lesson Weee T

Whek is Hae ¢olvkion |a¥eceumiive.

Yo twis mistave?

fina ok baal) §
it a = \0),
rerun %oy 3
ok add Gk x jink y) §
fhwn x +45 %
ok mainl) § >
it *oz badl))

u.
nk ¢ = ogdd.(_s) ’P)J
feruen O) ’S

5.

1. R¥ his poiat e have 4 main SF Hhar thrs p ,& pointer

2 When badl) is called an SF is ¢rcated For irjand
memory for WY |oeal yadeded 15 wreated,

= Now; p 1S et ko the valve L0po WL Hiat's
Hre memory addciss of o C‘rthxrn &q') ")

3 Whea bad () m¥ucns,i¥s SE is ACS-\'fuszc)\ !

B0\ van ables 90 ovt of Swpe and cant e

vsed,

4.
When addl) ig called , a new SF is cceated in
e same sPot where badl) ysed o be
(Becave Stace Memdey ig reusedh after

variables g~ vk e Scope)

& Now f is ?v?(\\"\hj ax ALWP\C\-@\Y diCCerent

J
vaciable | X & we Were Yo print b valve
s, ‘p da\«» neow ) i wovid be .5_,4-\/\»-/31/\

WA expedk] wank ik ko be 12

— Do not ever retucn & pointee ko a Stavk-alloteded vardable.

™ Do nor eCecente Phe addcess of o vaciable ourside oF ike Stope.

2000

Lo b©o

2000

[R=N=X]

2Zooo

[§=Ne1=)

bad
SE
a (10)
Main
SF
¢ (1000)
7
bad
SE
7:& o)
Main
S¥
p (2oo0)
yel)
RLS)
Main
S¥
¢ (2zooo)

= Alocatre womery Ly Hre heap rathec bhas P shack vting

Yae malloe K.ujwo(&.

= See "revised" todke on nexk pade Y



\A\M\.) 1S Fais belder ?

W‘Aﬁ)" is Hae Sﬂm +o allocate
mumvrﬁ in e \ncap?

How do YoV Sex Hne valves oF
ey allpcated For an

arcay 7

b:;l'\:;r&:rfibn ‘“¥ beMert ) 3_ /_\

in¥" o = Ciak" ) malloc (sizeof Cink)) | s.:«_:c, e bype of

* poinker iy YoU wend
a =\0/
) YAAWYE L) bo reducn

Cekuen 3(0') i’

ok add Gox x,ind Y) i
thuin x £ §
iak mainl) ¢
ik 752 bettec();
ik ¢ = add(5,7))
Free( p);
fehen D) %
- thor:! 7s Allveared ia Hae heap
= Sven Paovgh the vardables in +he SEg Lsl) 9o ovt of Stope Whea Hheie Sonchiong

celvre , avdcoted heap mMemory will not!,

ian Java is u‘uiv-n\cn')' 4o
iay" poiarec T Lint* ) mansce ( givesk (.hr\-'i-'))') in !
* This line celorns 6 PoIRIRE That is pointing +2 an inkeqee Baakis steced tn
¢ ey 9

e \neap.

— Rasic allbeaMon If & single vaciable Like an int ) ¢
it nun = 12 o
ink® pointer = Cind* ) malloe ( size o€ (int)) R

$‘>nin\<r = e 3

" Tne valve, War we wank Yo alucate

B This line. and maocL) can Aves 2 Hhings!
0 anocates Y byres oF Memoey in Mne heap
= 0%8igns Hne memocy addresg of e sk bywe oF mem'rj —a%a o Poinke — o Hie [ poinker,

pRinder now points o an addeess in heap memary

‘)u‘c&f\dn3-“rw_ poinker pointee 10 ordtr Yo Shoce Hie Valve tF num ,whithis Hne inteqec ‘7—1

in Wne Spor W@ foemnoey where pinter peinte.
ink” actay = Gint*) malloe (size of Lint) ¥ S )) ———— allocating space for S indeeprs

o.((“:v_oj = \5') RELALL: Sinte array Aames arc, in\nuu\»\y poin¥ecs |we can st Valves

j_"_\ = .
“crmﬁt +0; JOST live we would € Yhe ofcay were W thae Stacke .



How 4o yoy allocare temory Fypedef svrver it A svodent Fyge hng

Foca  (C—ghrued 1 int pid’ one inkeqer G\ Hne Lampstor

Robws 1o alloe U lytes tn heap!,
T student P

shudent® poinver = (sbvdent”) mallse Leize oF Csbudent) ) ',—j

pointea=Siptd = 1234 > ke M5 ke dereferente Crstunt Cields.




COMMM\o\ Line A’fqvmcn-\rs in C

WWheak ace cammeand line

A 3\\ onevers 1

MN\ece cho Hne tommand -\ine,

arqemente 30’(

\A\I\a\— X3 o“—ac 1

= valves Maar wee aiven afier Pve name oF o C pmamm When
\IVU cun ('\‘ fa the mmmmnd~lf(\(, Shell (ako e H(M\'ha\),
Coc ex

3oc. —wWall heus.c -o hello Cwmpiles hewv.c and Savesit 4o an
enecvtrable talled “hf,\\\ b))

Hnete art e Command —Line arqs

A el avi kumac
T —  Tpesud o tne program "hatio”
= T\'\‘g\ nee hondled by vhe Eunrion's mainl) funckon! The command
\ine ay¢ ace pasced in as pacavaetecs by mainl)
> Recall Mag Rells World program example fom lecrure T Lpa.i‘.\. notes )
& indvde £ shdio >
int main Liak acql, Oac 0(3\3 %
print £ ("Helle  Wordt \ " ) I

flurn O ) 3

(Ur\ Cinished )



T ACocmarion Em.o&ing

What is Lhe need For = While humans ¢an understand numbers and words (os Sr\'rrna< of chetanks) Ik
inCasmation u\w&ir\a? 100 " e makeix” 3.4
Macnines only undeshand b\'r\‘ﬂﬁ tumbers (Os and 1<)
= For a malnine o gndecs¥ed He number~ "100" ,Weneed b convert (k- inh 4 btnarj
represeararion. (And came €5 Lhangs and e¥c.)

Whek does “encode” mean T = To onwerk iaformation iy o AifCecent Sorm or Cepresentakion.

— For Lompurers b(ﬂa\rxﬁ u\u)al\'lnl.

— Enoding Positive Taleger Valves —

WWhakis a bage. — (0 (dedionan) - The Place valve s\QSk.m et We Use 10 devobe numbers — i+3% 4 Number with 1D

numbec 7 decimal digts (01 23 45 b 1%1)
How is & base =10 nunder = iam digik ismulriplied by a power oF 10 o clphain the Mumbeek valve .
corulaved § - yWheee d is bne deeimal digh and (18 the digir

FUSHIN aa d, i e rigntmost digt in Hoe nuloer,
= Foc examp\e the skeing of digjs Y115y
10°(2) + 108 (4) + 10%6) + 103 () +10°(1)
=~ 3+ UD + SDD + 100D + |ODODO = '.
\Whok i o lbage-2. Uo'\mr@ menkere? | 7 B fwmbec comprised °oal with 2 binary d'\a'\h - Dound 1.
™ %adn digit i molbiplied by @ power of L.

How do Yo Loavert g \vate-2 a2 ywhere

ishin hase-1)
Numbee gk \oose =107 L‘lmk&wa.&h(s Ig nvenber 28
> For ex he Linary numer OLILIID I DOO 0?_
fooon cigat Lo lect
O { v\ * 11« o | ©O O O D
= D102 + S\, +2S( *12 + LU+ O +(L+Q+D+ DD = l

How do You Conwerk & base=1D = Joet dne oﬂ;usik.ﬂ Loy ovt o a«-i& of cacw bate 7 molkigliee and Ciquee ovk hows
nomker iNYo bmsc,—z? o gom them vp Fo Hhe desited oate 1D Aumbec.

2% 2 2% 25 2% 2 gty 90
) @)

Lxample 7 T oaverd T3 1 U4 R+l =73 L0 placs @ "1 in carkh o6 Hhore Spobs 509 D"

Cvcrawm Q\ge.
2 128 GH 32 1, 8 4 2 1

p{O]L|{ofoj1L]|O|o|L |  Aws: ploolcos




What is ¥he  "\easy Siani(-\'um\'
biv LLse)" 7
WWak ¢ Hhe ‘moed sianictwm\'

biv (mse)"?

Whav i< an a,\auﬂ\-\nmi:_

wWaw o converk anumber From

bose \D *s base 2 1

i,x mme\!. \)Sin:) u/\is

Coconul al

Con we vse Hnis o\lserl‘\‘ll\w\ for

Yre baws as well 7

Whot is base -1{,

(nex adecimal Y nuener 1

°

—7 The \owest power of 2., aka 'Z-

= The "“'3"“5\' power of 7.

T La an B- it binary shs-ka for e, Mnis would be 2:' (61" 27" is He
}_\»\n power of Z,sl-arﬁnl Coen 2.°)

™ The dedimal ‘o \:innrj G\ao-—ﬂ-\nn\l

(Given @« base =10 nueter , , Bind 4 ulu;vo«\cﬂ'\- 5\3 rv_fcnc\-inj
e cn\\aw'\ns Sheps vak)

1. divide \03

2- The remaindec beromes the near Lik

3 The quotient becomes e new

LEMEMBLR: Qinte L inteases frpm tignk o le€d e ansier will be

in YN veverse order b FPhe ordee Yov ebteined ‘Hn:.la\‘nm-ﬂ A\'ji\‘-‘.

— (onvert \2\w > base-2 !

121, = 0 R

19), = 45 rD 10110101
9, = z1wr1

2%y =\ Rp

My = ¢ ey

S, = 2w\

2), = Lrp

Ll = 0 r1

= Yeel You can (onvert a base =10 number inko a0y base -

‘foc base-n  ceplace “divide by " it Qivide Lj et

= N vmbee Huar hae 1 hes diai\-s" — e qumecica digits 0= as wellag the lebkees
A-+

= A hC! A;J“’ LO\' hhc‘li'\h) s o sm‘; € Y b\'narj bi\—g_

= Laon herst is mylbiplied L:! a power o€ 173

hexit: |01 2 3 4 56 1 34 AB ¢ O EF
an.spoo.u'\j Q000 QoDL OO0 Qoit OO QIOI QWD Ol |0DO {DD1 DI 1o D0 Kot WD Wit
bieary g

u:«.spnnﬁnj A \
hecimon # |0 L 2 3 4 s e 7 3 o v a2 13y 1§




N\Way i< e notaYion Coc o boke-~b

nmlaec 7

How do 30\) onvecy o

hexadecimal # inks o Page-107

= Ciler e superscript (like nith bHer bages) or Hhae expression” Ox” prtc:&irj
e nusser |

) Bd\sica\\v_\) tonveer eadn heatk inko iYs (_brFLSPmdinj dedmal digit,and
e vse e Coll bwinj Cormila
yWhere 4 is e hexik and L s +he digt positon.

- For : 0x1DD Fo bate ~10

1) tonvert caon z!.is'\\- to s dedisnal equivalent (Sec Yable pn previods "“ﬂl’)
—lll;_) _l\'o b”:‘) \3”7 OH._‘) Oll)
2
> \0“3 Wen pok e a Sﬂ-A of Cath bage =l My Wp e % add tup . RECALL
oy i ey ri%v\\-— ko = 1e€X, S® bhe cfqurmosk heatk will have bne smeliest
motVeliee Lawa 1)
o

lo* 1ot 15 O LLL™) + \3llL*) + 1) =

1 © [© 0 + 208 + (142 = (2000,
(D! () | (o)

= Em,o&inj Onharackes vsing MCIT —

Whar i« pse TL?

How dots ASCT T ork. ?

~ The " RAmedcan Standasd Code Foe LnCormation Inkmhmac."

T An enceding Suneme = iks a Yable You can ovk ok ooline, fec Hoc ane T vsed fac lobl
pace 1 LLunvm'-\-inJ }o lowerLage ).

¥ oy a standord fomal , where eaon of 128 Gracacters ¢ agsigned o 1 ks —

a.a. a bage-2 biracy nusLer ot 1 d(ai\r—s !
(Recacy i \oasc_—z) e Mjﬂ-'\s o kit )

Decimal Hex Char Decimal Hex Char Decimal Hex Char Decimal Hex Char

o 0 ) 20 64 w0 96 60

1 1 33 21 65 a A 97 a
2 2 34 22 66 2 B 98 b
3 3 35 23 # 67 a3 ¢ 9 <
4 a ND O 36 a s 68 a1 b 100 a
5 5 37 25 69 s E 101 e
6 6 38 % & 70 a6 F 102 f
7 7 39 7 7 G 103 9
s 8 0 28 72 a8 W 108 h
s 9 a1 2 ) 73 a0 1 105 P

10 A a2 2A 74 ) 106 i

1 e a3 28 75 B K 107 5 &
12 c 4s 2 76 ac L 108 '

13 o as 20 77 o ™M 109 60 m
1 3 SHT O a6 26 78 € N 110 n
15 F a7 2F 79 F o0 m 6 o
16 10 48 0 o 80 o P 12 0 P
17 1 a9 no1 81 s1Q 13 noa
18 12 50 2 2 82 2 R 114 2 r

19 13 51 33 83 53 s 115 3 s
20 14 52 34 a 84 sa T 116 7t

2 15 53 s s 85 s v 17 5 u
22 16 54 % 6 86 s6 v 18 % v
23 17 55 37 7 87 57w 119 7w
21 18 ANCEL s6 ECI 88 58 x 120 8 x

2 19 57 3 9 89 59 ¥ 121 9y
26 1A 58 38 % Az 122 oz

27 18 59 38 91 B 123 LI

28 1c 60 3c 92 sc 124 7c

20 10 P SEPAR 61 = 93 0 1 125 ™ )
30 1€ 62 3 9 3 126 7€

3 1 63 3 95 F 127 7

= AWLTT g ow we Conveck Chofatkers [Llich hwMant Cun nder shand ) inke binecj

Avmbecs Luhidn tompoters can vadees Fand) .--“binu.j reprtientation”



EXGMP“' Yo ondecskand Yhig
Yavle?

How do we onvert a Sh'inj

invo \)inm—\j'l_

WWa- ace, Hae L bypes of

Chacackec entodin 37

Mok is Gixed “\enghin

e Lo kimﬁ'z

What ig Vdﬁo.\o\(,‘\U\j\-\f\ a.mod:nJT

How do ypo Kow wlaion U\wdinj

skyle vo vce?

2

What *comprescion” ¢

Hou rasny bits are needed
£oc o Gixtd-\cna\a\,\

represeatmtion 7

T leve Fake e chiacackee vppeccase a s A, A s fepresented h\j e T-bit aveker
'1_000001,‘_ . We can Men avert Maig oo o base-1o # using c
1(2°) * o@) + o) +DL2Y) +BLLY) + DL+ 0 (1) =

* Jost ke Hne dabte, seys, e char A is atsociated with the decimon J
= RSCTT aluws vs ¥o convert a chatackes ioke a weroee !

- S—\-dnas GYe jVS\‘ sco\vu\u,g of Onaractess | so we can sy coneatenalt ladd

\"Da&L\'\M,r) e T-biv bh\ﬁ\rj Numers Fic ean ChacAcker |

_’ W AMe_jo\"
60 — \booDool

TS0 When we inpul T amcya® into Hne compuiee , all i (eally sees is

M — (oonol \DDODOI LOD WD | {00D\DIVDVBOI \DDODD ©DOBC6d

e [=> |\ootwon iEhne Shreing [ thac arcay nat bun avil decinated

3 — ouool

CofrRe\y Hun Wine sﬁnﬂ will end with 1 D¢,
a — loodbdo)

- F\xeA-\ona\-\n and vqriatb\e-lenj-\-h_

~ When au Symuols vse e Same number i bits

> ASCIT i an example of o Cixed-leagiy !,v\wdio\j '\'Qbhnicivc,

S LN pnac g alvlaus  exacdy T bivs

"THL range oF ASCLY binany eonversions is From to

= \Waece dGC Symuols can vee ACCecent numbers of bits

T UNWKOBE 2 and  UNWDOBE Lo are exomples of V—Lom.vd?nj kedhaiques,

ed F;Md_lm.\\\.\,\ is & qood cWinite wihen &N e Symasols ot on Lqve) ?ns.,.,‘u\.-\—\/
ot being vsed

= Vodable —lengbh s « 4ood chintce when Some symbets are mere 1ikely 4o appear thag

oM\ers .

— (ompeessitn is o :luné\ e € Whhea Yo vse Vqﬁa’o\c-ldnl"'\ mmdina.

- P Lammunl\j Q(,(_u(r\'n% SyMbels wnieded vsing few Like”

- 93“5(“"“5 ke mssiam’rﬂ Cower birs +v thacatkrg Fhat: ace li\ul\j o show

vV MDD oClen (Yo save s‘m«ﬂ,)

~ The # oF symbol< in e represeatation =

So

T? For ex, we veed L Liy Lo 2 SymbdlS 72 bits For Y Symbrlg

acd 4 Lirs Cpr 1D symsls becavsce mﬂLUbﬂ = \_:5-‘37'7:] =Y




Whar ;s meoay by “oikg
neehed" 1

= Tt Bieber o€ bike needed reeg L, hew many lo\'nd\rj mai\—s are Necded by
rg?a&t‘\\' X MHWS SWMeo\s .
- to represeny D dic\x“\\—g iDl\J'),)‘;,'{_‘G)b)‘l)‘lﬂ'ﬁjwc Sblved
\/\0'3_"\01 =Y bik,

* Vo ¥wie Lase, Wy ic dae rangc Com e
*Tis mages $enke, sintewe gaa't  Fopreset with pnly 3 bivs,

,L'! 7—'\- 'Ll ,Lb

L(®)+ OLWY o) \-lL'l)‘—'S_

— Enwoding Siqnes Trnreqers —
J ~J

How i +hne mo\av\i\-vda of o

s'\.ﬁnw\ inveger Cepresenied In L\'mrj

lavea Yo o Lompurer)?

Wk i Hae Coreavia for

sigqned mognibvde  represeaittion?

f_xmmp\:. o€ Wow i works |

Whak ts Hye ranqe 0F valvey
wika sijnt_ix Maam‘hn\c
Tepresentation’

— RCChLL: signed inveqers = kot pos. and neq. valves
- \Jsinj siﬂncd mo\anfl-vo\c, fepresentation smy !
i ma%m\-u de T Whthner VS posibive o ncﬂq-\-m
= The most <ignificany Lit (MSB) Is vied ks represent findicate Hie MO\anth.c.
(e a, *he Cirsv Lt/ diait that At cead Yne 1cCrmost 4\‘;\-)_
*iC MR = 0’_ , indicakey & PosiFive Unwj e
THE MSE = L, indicalkes w nea“l-i«, bir\o«j v
s — )uhcm

base —\O
vienwe and

= e numben ‘-Hm 18 represented in base-2 as 001 1loood
bk ke mweoer  — U9 1o 16 feprcented as 10110001

1
= This makes setse ©f e Cormvla | becavse T1)° =1 and (-1)° = -1 !

Fon S=D oand A=Y
OO\\oooI

-1)° (2°00) + 2°(0) 27O + 22(0) + 2% (1) 22D+ 2%(0) ) =
3)

4
1 c (4 =(3)

Fon N
\O\Wwooo| 1°
¢y* | (-]

-1 1 4 =) - N9

1 and nT %

Noriet Pnat valike Hae vsval Formula ) Hnis Comnnation Pes enly oakil N-2 not
n-1 - .- TheAaing ek e €S rmosy Argl)k 1o w \:.inw-\j # isn't faktin taks
ALLOUOY | Giate iF s Meece bo cepresont magatto A !

= ax.a.; Whavis Pae conge oF decimal Avmberg ok tan e reprusonted
WiIMA A erkain qUM. of \:;nnrﬂ Aid\\-‘s (When usin& sSm) 1

© AN pa pexd foqp \ol



— ANS: The Q.-o\f\%g of Leare =10 vumlers Phar coan be represented by &
$-\—f\'r\3 o< kYrs is s;v(.f\ \n\J
=({ 72 =1 ) +» (4 - 41)

Forenample | i ¢ birs (alea DOODODOD s IIN) , Wt tan entode

nvnkers Com

1e2* -1 (237 1)
4 3
- (v23-1) 27 -2)
v L |
= +
l’L—llD ° ll—llb £

Whek ace Yre pros of vs\’nj SMT | = \vig easy 4o m.aq\-c. % wmevte e abeolvie valve = all we heve 4o do
is ook a¥ the MS R
WWar are Mne dcamwback s 4o Adding and Sulieacking beomes More Complicared , Since faere ace 4 difCerent
vsine SM cepresantarion | Meates” AGP“\A'"N) oo ¥ne $igng o€ the 2 addends.

Yoo Vave vp icnplewnnty  Nadware cirevi¥s 4p do Hae add as well as Sulstrack Operations.
There ace 2 diCCecnkt Ways of re\m.sm\lcj A base—10 zers!

000 o = CLO° (2% v 2'10) + 2o) = O bothh 'O and '-0’

‘o

ne same Hafng |
10005 = (-10% (1°Lo)+ 2' (o) e 2%y ) = = Oyg ean phe spme Y

' This 1S bad bfe i can omplitate our \Ward Wace design.
When is SM cepresentation veed [ ™ Nov vevally used when rc-prcsm\»rnj siﬂnu.\ (positive) inYegect

¥ is used wWhen rpr\—\-bJ Flbo\-\-;r\jvpoin’r numLecs .

yol

Whak is 'L‘s Comeplement ‘\Ao\—wf—un\j ¥o do " sign” reprusonvatton ( otuwer than SM).
Represurtation T Like SM, fne M8 is skl ueed ¥o entode Hoe sign

(Mmsey D"’:PM- inYeqec N M l°= Ney. h\'\'tlfr)

J

However, the equakion is diCCerent
, Where e MSR is denoted
Py
How Aot Hne 28 comploment T> Coc ex, e avmber L1DIONIO
equarion wWoew ‘n=g Th,,%2

ree” Jep |+ (2°1) e Q)= 220D » 230) + 2 1) 25 () ,_2%1))

= ~\23) F (oY v\ -y +2) =
T versvs Hae nvebec DDIDVOVO,
‘'n= 9 T =D

L

~(27) o) + ¢ 2°+2%2%) = O+ w2 = |42
')




WhaY 16 an aVrernakive
woy ko ampvire Fhe 2'¢

Lomplement 7

How Ao 4oV do
L\if\a\nﬁ a&r}-i\'iuﬂ‘.'

Con Wi appoadn \e vsed +v
neqavre o m\o]a.l—iv; \oinmrﬂ %7

Whak is Mae ran q¢ o¢ valves

Witk 2'¢ Lomplement

Ceplesentation?

Doee ]ainarj addition ¥ svbbracrion

Work wirh '8 Lmplement 1

Bre Haece 1 zecoes in 25 comploment

r‘c‘:rr.wﬂw\-ion?

—We can vse e V—o\\owinj 2-step protiess Yo convect any posikive
bindrw number inro itg negated equivalent !
Focex ample, Fa¥e Hie number S, ,Mlhion i 0101,
- Lonvery a.«q—J digr inko ik Lomplement LiKe oppisite —aka Lg
O¢ wnh Os bewome 1<)

01014
vy
010

EK.L owme

¥
1
L. Do « \:{nkrj additrion \23 1‘_

*Similac bo avrmal math in berms of (.l\ﬂ'&\"l\g)lau-\- ho\sim\\\’

and bu¥ you “carey vane " ko Ihe nexk pact of the Gddition
1, 1
(no carcying) VoS, or
12040
. 1

¢ & Nov vse e prev. page Focnula 60 10V 3\50\} wWilV see Phak i+ does

Lopovre ko ~ S\v ‘.

0100
2 Yes' & we apply ¥ Yo ~5, ava (01 LDLH, N N
o) Teu- s,

- A S\-’n‘r\s ]\ai(\hfb e of bire can fbpf:,sd\\' Haie ('om%r. 06 dectma\ (wenbers

(250 10 e S T it 4 . o et

= Similar by Bral o6 SM representabion jextept +4. more Negakive aumber,

— For er juwhen N=Q

minitwn bate-1D # Maximum eae =10 §
2 canplement —122 127
S(%NJ\ r'\usni\-uh. —1LT ‘2.7

> Nes ' Excepr we m\j dn addikien | no subkrackion
1 C'S' Ji“s"'w‘* "6 5\:;— S\u )W"‘d‘ do S\b v _S\n

- - qu\\oo) + 1|=L°o°() - Shevld yild - S

\\o D
= nool

U~ 1
é/ convert Wikl Z_'S Lompl : -2 1(13 + (lbU') "’2.(0) *7_1(1)>
Qe D =—7_“+(1+\4‘)=—8+5=l!
= Nope! Unlite, SM,theceis ok o pvs- & neg. 2eco. We could hevle) prove Hais by

199‘-}3”\3 Yo 2-skep opproach f» 000D, (O, ) —i% wil yietd 0000, .



Cormpacison of unsianul
‘“\)‘{ﬂ‘xs in L's Lomp\cﬂ\tw\'
Vergue S'\snf_o\ mﬂn'\\«:a:_"_

\Whav i s'\sn— exxeasion |

You 4, %m) Sign- eavend posiive

ol “0-"\3 avevours 1

Vow Ao v s(\-)n- avrend N—Jq\::vt.

bl\(\q(‘j numers 7

Svmmnr:s'- What ace dpe pos

and Lons of LS Lbl\ne\t\"ﬂﬂ-’!

111
1110 1010
1101 1011
1100 1100
1011 1101

1010 1110
1001 1
0000 or 1000 0000
0001 0001
0010 0010
o011 o011
0100 0100
o101 o101
0110 o110
o111 o111

birs of emocy  space.

= For cramele, you can Meavend” Hie H-bit Binary avmbee 0201 (5,0) 4o
DODDOLDL,  and ix will skl be equon 1o 5, bukis an =47 number,
= Josy “pud Macm” Wik 2R0es e the aample alsove |

OO\ —> DOODDdDID

> Same conepk of pe.a.a..‘nj HOWEVER. | sign-extension of fegeive numbers

oMY Work.s wivrh 2’s completent and nvt Sianr.d M-.av\i-\-vdo :

Sqped oty |12I.011=—5w — 11111102.=-15, K

v

L‘sm§cmn¥|1.01:\_ S5, iiuito1l F -5

1 B0\ an 4dd sporadion (ean'y do S+ 0-5) in SM)
AN 3¢ ¥hese 4-\..-\1: simp\:ca

= On\
9 ene zere hacdwoce Ats‘dn
- Sign ~ertension
Co«\si

" WMore ompix ko mje.-\-g, & Lmpote Hhe absolvie valve

—Floating —poink RepreentaMon —

Waak 35 ":lvcu\‘ins-—‘abiﬂ'\

cepresentatrion”

Whax Flao&il\s —Point reprcientation
Ao Computers vse?

Now does Hris thou v ia c,?

= similar do sUenkiGic notabion— 3 Fiads 4o rc‘!‘ucw\-e\'n"“\"'j“’“;“"' Number o

1. 4we siingisn Field s a posibive ar Neqative Nvantec

2 saaﬁ;cumo./i‘-‘fd_c\-;o,, £ed” . & nocomalived Caon

3 exponent/ exponent {old’ i Fhe posikon of e "€lvecing” binary point.
> LTEEE ("I+apue”) 194 Floating-Prin} Representution,
-

2. FocnaXg . single petcision % Adovble precision

dore -\‘3@& Collon Lhe Avvble Pre_t,\'sv'm formalk.

= When 30\! aeed Yo “exrend” +he she of e\\-inqvj number For i+ 30 FAke up o certain amout of

i C)-\—\no oot Aa-\--\-hj(x, Colpus 1ESE 134 sinalc,- preetsine Excamal; and e dovbie



How is a nvelec cepresenttd
in LCCE 9y

s.'n%\z. - precision Cormnat ?

Whatig in Hhe siqn Ciend ?

Whar ic in Yne exponent
Cie\d 7

Whet is in Wne Eracrion=Cietd!

WWet 15 Hae formona bo wofwveek o

Single -precision oinary | inko baso - 107

How dio we Lonveek o baze 1D (decimal )

Qvmber o s\‘n%\v. - preeision fxonat !

T in Mais Gormal, the ace Up to 32 biks oveilable do represent o Single
c—lba\'\-ﬁ% POt nuabes.
— Tne gone 2 Py described 0N proviovs Pag — S;ﬂn .Siﬂ“:c‘.“"dl":“"“““ﬂ*i»‘*n“"‘

L.t ?M’\‘ with o &Ls;at\p.\-f_a teeton of the 32 bikg.

([ J )
A B 3

= 1 b (aka 1 o\GS\'\-) o represent bhe 5|‘gn oF4he Numbec

= Vses sis\u\ fV\ﬁﬁﬂf\-vM lnot 2’s complement ! ) —

= positive numper

T neqativt avebor
- KL?C&W‘\-C!A 'uj 8 biks lop 4o 8 L:\'nf-nj A.-‘J\‘\‘S)

™ The exponent 18 "biaged” by avalve of 127 — me.r-m'nj it can represent
-\27

o L
> Repreaenty 1D biks , exeludking +ht “\la.d\‘n3 i."‘ whion ig h\‘AAu\Iv\brmqlhtd.

J

< .“ ”
e.q., for B binary % (1] D203 x 2 e Fenrvion Fredd” wil) anly

a\\ B \.)e“,} vp ‘o 7_‘1:1

worata fhe J‘;C\:\'s CDI0I". .  Me L pau.\ma Yo dedme ‘,‘,;,\\.ig_‘l;y__e_)q“,,m,

> We can vse tne Foomula
€- 121

vV C4) x(1.F)x /L sWhere

1S +we bode - 1D valve n S Hae siaf\ Cie\d valve

{8 Fne Frackion Ferd; and is Hne exporent Field.

Lleks eavert 10,125 | as an cxample.

L Convert Hae numbee tnvo binarj.'

=) Torcaver¥ dggimq\lcfnr.'\'\'M\A\‘ inyo lginaqfnnaw o Similar process as Hiat descriled on PJ'qL-,CMtF\-
MUl ply v by 2 insied of dividing

0.12% =

‘o

.Q01
2

1o010. ooi;_

\0_\'2,C,m: :Lo:LoL + 0.0011 =

Lo Novmeting Yo fracrion +o S 1. F "
° Fhis means Hat we Should ot ovr aum. @n & Form svchs et bhe decme) is immediokely
aBtue the Cirst L") and Hhen vse an exponent 4 qA:\vs!- (Just ke we do Wit normal vaers '.)

3
1010.0011_: 1.010001 x 2

o BASE -0
102,457 = L.O2USLT x 10°
A

* Thece fore | pur Erackion Field F will ke 0100 0O1L




3. Caleolave dhe (.xponm\-JE © Use Mae Formule
‘o C\'S\)rc ot what B s

Se c-a.r) Wt have

10425 = (-1)> % (1D10001) » 23

Lempun‘n3 FWis eApression Yo

)
We Ynow et 2-3 = So
3 =|E T 271
e = \30

1o

Coaverr € save bLaucwe =72

|3o|b=lOOOODlo-

123 LY 32 s

loooodd DL
3 Ny 2z 1

S.
Puk ik ald To9ether inks Iee 18y Sl'na\e predision Srcmat , where

S &
i ? 23
Singe

\D.\LS s positive, we knew Haat $=0

0vF exporent & s 1DODOOLD

our Ceactkion iy D1DDOYL byt siace Fis 23 biks, We Bill Yhe restof Hhe Space with
Os

* 10.11L8 in 5701\¢- pretfsion formad g ten
‘o

0 1. 00DO0LD ©1L0DDLDOOOLD60500600000D
s

& ANS
3 =

How is a nveer represented

—? Same procese as Single precision, extepr the Ginal Aumber is b4 ,ratuer
‘a  dooble precision Cormet T Pran 32 bitg !

5| e F
[T —
A 14 62

™ The exponent Field is binted Lj avalve o€ 1023 = can cepresent
~1021
'L 1 bp ¥ ?—\oz's

= The Crnction Fierat shill exelvder Mo “\cauktnj 1.") and wotaing o siani?ium\
9L bivg Long.




In&-eq&- Acithmetic Over€low
= R tondikion that oceurs when ) S‘.:\ntd :nkﬂc(: are added but He resvlk

Whak ig si:‘nco\ aciYamedie

overeiow 7

is’ qreakec than the maxisum fumeric valve dhat can e reprecentad by e

wkee pE bits

— Or \ets Fhon bhe min. Valve et can be represented

= RoLhLL:

Examples o€ signesk adbwmeic
over©low 1 -

-

How can \30.) Aehect aritmelie

ovecElow 1
Whav is vnsigned artamelic
ovecClow T
Examele

How can you Aekect acitmeric
overClow witw vnsigned inhﬂusq.

sh ane.\ inkeqer ¥ == Fne MST Llefimost bit) tndicodes e numer is pos. of neg

eq, 1011, would e 3 (with signed mag- ) not 11

- tigned maﬂni\-vd\gi "(.2-N—1"'l) o (2 -1‘1)
-1

N-
> 2's tomplement - -2 to (ZN
The mox nvm. Yoo can cegrestat with 4 bits in Signed Moy, Cacex, is 1 (0111)
o

fange of base -1D valves thed can be represented with N bits

-1)

W& e ace vsing L's oonplement and Nz 4, Hnc cange o€ valws ic ~ 8 o 7

+"l|° jWe expect W,

i€ we Ary to adad 1“,
L PO, yieas lHD.)_

* Howevee, binamy addikion sn O\l ,wshicnis
- \
7'\0

=L Shevld be = =19,
DDO'].,_ ) Wit is l“,l.

i*s weng.

—%lb
* bot

>}
(00021- \ 0\1—

= When My pymbers are Ceprisentcd in L's Compleament »iTs previy eaty to detect

* i€ Weadd L positve inteqors % Ve cesul} iy a mjﬁ.\.‘“
T we add L neqedive indesers ¥ Hoe resvik s positive

— the samt as sia\m_& aritimebic over Clow, ereept we snly Care ebovt o cesuld

\su03 5\1&\00 Pran Hv Meaximvm numecic valve

Vnsiqned iy = pogidve valves only )

C LeehLL
= RECALL: Hne max base- 1D numeer representale bﬂ bive i
> o, fiU, 20, jnet b, !

Woo, * 0100, boopo
iFthe “cacry-out” bit — which iy e bik that grs Vcarried over” when you do

addirion — ica 1 tren ovecElow hes oceorced !
= When yoo do matn, its \mphd ok 0" i< being carrith pver ualest You nvke dteuise!

o o0

:Loo—\, arey Hhe 3 1100 "1'05%
2101 R '\/ 0300 boad Y =
0 0000 Erres o
—> The “tafey oot bit' —which i algo Hhe MSB—is bhe lagt digit Hhat qebs tuceied over
1) 100 L94%%%o
Dio?0 oo\
1o 1

opoD




Taveaer Cashing
How do Yov cask a Siar\ca\

WY ko an unsii\v\d\ iny ?
WWeE happens winen we Fypeess

berween Ligned ¢ vnsigned 1

Why did we get Baat gutputl

Pno¥ie  example 7

50 iow do we Lonvert o neqa¥ive

valve ko o positive vne T

— Same Syntan as :Sowq TT pvt bk desired duta type in MMMsi
it {=10
vnsigned int j= Cuns\"amr& b)Y
= Thig is ¥re Same Cor  uneigned = signed as wel.
= It thanges +he inMepretation oF Hhe most sfqni€icant bitl (msa)
I Shorr & = 15
vastgned shork b = (unsigned shact) 4
prio¥C (Mo = Lu\n", b))
> We Would tapeck ¥he Dutpuk by k2 & 1 stace &% 1 juk instead ibs 65535
> The 2'g complement Signed thodt =2, is representtd oy Ox FFFE aea
11111141411114441 2
* (RELALL: " 0" means base-le ... 0xF= 1141)
‘o digihs becavse & shocl data Fype s 2 bughes (\le biks)
> When we catt i valve bo an m;iamA Lotk e Ai gt ceprrsentation dvesn
U soae = bt bae interpretation does !
" The leBhmosk 1 no liqee indicalts & feqakive avmber 5o OxFFFF is careulated
oS nocmal k av e )

T Sinte ikis \b Lsin e cow, Pne valve sthually becomes Hhe Tmaximvm valve e o

1o-bik unsiaf\tﬂ inteqer |
= 2'"™-1 = 69536

= sigred ik a =-5') — ol in 2.8 complement
vnsignd iak b = Lunsgigned iny) o) ?now, DU, i beiog read as vosigned wnd
her avalve o (2° (1) & 2'L1) « 20) 4 22UD)) = 11 L

- \)nsiangnk iy o :11; T poiMd.,

Signed % b= (signek ibh) o) > 1011, in 25 omplement = 54

= Bokkom Line: ja ¢ | i bre Neq. iokegec it in 2 complemen ; We Can't use

Fypecasting, and we con't Simply inverk e MSE,

= |C daXa ‘ype isa sijnux int valve ‘use the alis €0 Fuackisn Erom Hhe
Sralil Worary .

T \& Aata bype is o c"'&-\"nj—‘h?n-\- valve ! use Mre (Eabs LY Fuagion Brm the

ma¥a \ibracy |



— Tpeeas¥ing bewnecn Lovegers of Ve same sign —

How dowe casy vp ?

Wk hapeens ondve

Genpkee  S1de When vie cosk vp T

How do we cast dowa ?

WNAX hupoens b Hhe Lsmpen

QAL wher we casky dovn T

= T (ash a nomber +o o numbee Aakn '\'ypo-\-hw\- Skores mMoce b’\\"stc
do e Same (desicesh > yee) Synvax as n Joave
ak \ = —lD')
\'"‘3 3= (\mj\ L ) o’
vnsigned short L = 1O
unsianu\ iny g = (_unsiaﬂco\ imy) ¢ )
—’Unc\%nu! Inkegers L the blnacy numbec it 2000 = exdended ava padded

wiw  Os
Bicdoy Vabe
Vagigned Shoct L = 1D; 081 0 lb “p“‘w\:ﬂs‘\
vagigred i0F s (onsigned ex) [ @T wiva i 08

7 signed inkegers  twe binacy momee is Sign=extended by padding i¥ onthe
\eChk qide Wik the M3D value Lof ¥he swaller aumber)
T TS workus bl Wie number 1S repeesented n 2 mnpleme nY, nov siam.e.\ MAani\'\n\!-
base~\lb valve

b A FEERFFRG6

tang § = Geegd i FEFREFFE PREFFRRG
TRTCALL tnar O4F = WLy and Ou b= 0D, L. ik jusk vavey vp loss Spatc
Yo wake M number ovlk i heaits .
TSinte ke MSB of | is A we pad the vpeatted vadable with 32 10
> Same syntax |
\‘3'\3 i= ~\d) Vngigned lonj i= \D')

io¥ j = (inY) [ vesigned ink § = (unsigned W) i

’ZIMZ‘S/‘IZQ



T Ateger Bik-Level Shifk & Loaic Operations

Wher is bne bivwise
\2€Ek - s\aicy ©peration T

Exam Ple o o V2 G+ Wil 7

WX (o ke bisarise rignk-shitt

tperation 1

Whak dowe do it it is an

v r\s‘intk k\\-co_‘f.r 1

WWal dowe do iC ik is &

Si one o inveger [

= iF ShiGks e biks inlfhe binacy fepresentation W) a numlee X Yo bhe
\eCa oy bix Positisns | Wirh Vhe Cyntax
X <<y

T RN E 1 s bifts ace moved b Hhe e byt Since bne \enghhn of x hes
o sl.-M3 e same — Hae exyra Likg on e 2G4 gide are "Y\eowan Aw-3"
> The bLix Eozikiong on e rignt Side taat afe now vacant, T* padded with Os .
= bothwice \ogic Shifg bo dne \e€t oo not preserve Hae s{ante\ oik.

X = OWo0OoID

X << 3

T SWiBking x Vefd by 3 positions:

Gl DLESLE]
CTTT LTI

* The 3 tefdmost Gits gt Baown away

* The 3 ri%\r\\-mbs\— § \ots qek paddid willh DS
‘ ANS® Ovo | 000D
= Some menaing  of ond v buk  wikh ¥ae syntax X 7"’\‘]
= e exdca bibs on Wae rigwt side G ' fown ‘M"ﬂ'
= Whok we do with be empty slobs on the e side, depends o0 Whetner it is o
.si%ncd or uns\'o&v\cé‘ it\\cﬂy\"\.
Y \o%icq\ SWie): sinply pad Mre Vet side witw Os
Uneigned (0h x = |2 — |DIDOOID
X >S5 2

prické (C* Zian", X))

T Swicking X gt by L posibions’

Lifef1]olefof (o]
BN NN -
[Dlol(lOIl]ololol

= Ao acibrmetic SWEE © Pad e 126k with Hhe valye of $ve on'ainc\\ nuMmbdecg

ML —in o der o preserve e s'iaf\.

I(lD‘\Jle(D\\lDI
TINNINNINN
L_\[\{\loll s oo ]




How can W8 Calculetre e
base = 1D valve o0& o ghiGted

'm\-esex v

\A\MS do we evtn Cnce about
dunig 17

= bitwise LGk sWiflk — Coc w base - 10 value u pu?-ormnb e
SWify WaSi 4o macipulate the bineny rep. OF U yields
e Beyo -0 nuebec w ¥ 2"
ink = 5 } Wis now cqual Yo (5)* (2 = 20 '
W << 2
= bitwise g itk — WSS e qives (B 7.“,_'
iy W T 20 7y je now cqual to \io/f 1= L_%D/SJ =7
w>>3 %
T Temerbee — Logical ghifhs won't prrserve Hoe sigredh bid, and arithmetic
ShiEHs Wil buk only € W # s repeesented in ¢ tomplemect
= bivwise shifhs At impockant behind Vhe Scenes .
= Foc mosk tomputers [maching | e executing a line 06 Lpde HaoY wants to
do  mvltiglicoakiop, Vit Wy <= 3
ink y = @ ¥y
9.,,.4,,,.“,-,\3 a bibwise lefr BWIFE Witk an add or sylkract Inshrvztion
16 vsvaliy Costec than pecfocming e ‘v Wagly” insttuckon to wvikiply ovmnbecs )
= Fur ex, waen Yov weike  int num 3 W ¥ 24 #ne compuker (b does
(w2 8?) — (weed)!
*lecavse it is eqivalent ko (u ¥ 25) = Lux 22) = w»(2°-2Y)
= ww 724!

= The compler oy rend v \rieli zo¥lon Sharements g then va\- qurecode Haig Lode

ov komakically.

— Bivwise Logic Operakions —

Whev are birwise losik_

oprakions ?

= « lpgic ogerution tat is pecfoemed ot the Gk -level ) inteqecs are evalvated
¢ Hndir Linacy cepreseatolion, bik~Ly —bit — rarhc than as bheireakive
NVMEMC valve.

= rovements wivn bitwise operaters  ceturn a nvmb«[loil-sl'rinj as &

ceso\t, nok a boolean)

( &) &% x) evalvetes to False Jw\ni\e C \A& 2) evalvates }p 5 l.



Whav ace Pae bikvaise

\oa'\c operatoes |

= bitwise and — A ¥ B

= bilwise noy — VA
> bitwise pe — A I B

- Litwise xor — A ' @
How do Yooy wock 7

\Whak ace Some vseCol applications

of e AND o?wa.\—\'nn".

= Liknise ond e,va\Vor\'inl Cach it 10 Comparison | relyen Hhe bt i€ i¥ is Hhe Same
in botw b'l\-sh-incls

L pbhecwise, reluea o 0
.

O1\0100! % O\lbiolol, =Dblgoocodi,

Ojpoobd!
= bitwise ge b retven a L ieivis present ineither \ai\-s\-n‘n3 ) bherwise , veuin a0
*[EBx] O110100\ | DOipolol, = dDwniel,

ol it byt

™ bikwise not : cerucn the Lomeplement o6 cadh bit.

It ~ Yooobool

> ikwise xoe

| 000000

ceiea & L when eibver B\\'S‘\-ﬂ'n!j Wata L bt not botl ‘J
it neiber or botw (ontain a 1 )ru-om Q.

:

O\ 0(00\. * Dlpiolol, =boun oo
+

901110

Coe “MOhY-ins“ and “C\&Adl\a" govps of il J ala ,ifwe Nave en - bt

blnar\\, num. and we 0(\\.\3 care abpvt e valve 06 Hac \asht Y Ioi*-s) we tan vrse &
to tetvea o Livstring where

Tt grove of bits we Aot cart abavt &l became O
° Mae s\ttt qrove s rebvemed !

~ Ao Wnis \03 H“B'\nj with A\o’*ﬂ'ri:j Pt conveing Os in the place bF the

vacaced oo \.i\-s) and ls Cor the birs we care about.

- Cor y &= 190010 and we m\awam'\- e valve 0F [agdHq bilkg |
. \“o bl =
do lol10\ % 00O

OooD \\t O
‘o =0 % 00021l wrero D an kot b lasty biks o€ O
™ The albove ex- works becavie we “cleared” Hae ficsk U biks
‘gince ANBMS woyihing with O gives D

Rnd Haen we " onadked” Sne Lasy U biks

* Siace D.Nb:.\j ‘-n\a bir . Wivs 1L q'-v‘ec e



\What is 4 yselul application of

e O opora.\-ion‘!

WWWak is « vscol app\t caion o€

P xor applicakion’

= Go- " sevking” o qrove of biks +o a\\ be ectua\ Y 1.

, and

*slace OR ing Ay LIk with & 1 gives 1
0&?4\3 any it ¥ Wik 4 O o;vts .
= Coc ink o = 101DILD  and we want to Seb dne lash 4 Lits tole Lg!

lovowwwo | boooltty = \olp it

o =ao l SET_ON &e¥s ip L Hae virs ta X e are ¥k L in €T _pN

™ Coc Vcomplementing” groves of biks, becavse
'KOk(ns any Bik . witwa O Sivts ")
1 XO‘LKAS way bk L witha | qives A~ e opposite of 1,
— Cor iak o = 101DWWD aak e waat kb iovect Me tast Y kitst

A

\o\ DL O o0bON = (olooO oI



'nns Compiletion Sgg\-f_m

WN\hat is the Lompi \ation snsz.m i GCO - Y\ C_?_ nv _(Lompi\u‘ Colleckion

We vca in gur p&arl\MS 1

Whel-are Hhe B stees in bhe 1. bne compile steet Tronslaves a C program into an assembly Program.
Compilokion S\isk-m". 1 Mo 0ssemnble Shep: Trons\ares an mieomu\l program 0 o maoniae o object
Pmaram.
1.

e \it\\f_(ns Strep- Transleades a mochitne pMJram inYs N excevtulole Progam

Mavr 90U Con A 90 Your Sychm.

Code in o File ?l.c

| U peogramiei.c) |
A
|ﬁssu\'\\-\~a program (pl.s) |

L

| Objeck progeam(pl. o) |
v

| Execurale pogram La.ovy) I

Conleny bype:

WRaY gee Pae \evels o€ lqnavw_\t = There ace D ATERerent \nnavnﬂbs ¥8ed TN Mne  empilakipn s\asa-cm]
Qogkcackion | 1. hiﬁ\f\-\c.vt-l language
* e \A\'“\rv.s\- \eve) of oabstradkion
1 331\-\"« is Adsest ko hhuman "“"‘3‘"‘3"
T axmnyles o€ high=level progromming langs *
1. Pfsu.m\alsj ‘M%ve\a&
T P lowest (avel 08 alstvrallion
* SpeeiTic ko o processac ardhiteckure (ke RTSC, USC eke.)
Csyraa is humaa ceadable, bk in Hae \mavm:lv. o€ +ne mo«_\nine_"‘ e.q.
LW CE \ike moli - % $5.4
3. Macwine \Ona\lh%b
* N0 aoshrackion and not humnan Feadable
wneists ofF \:ﬁnm—\] vntoded Tnghrveions oneh data
* LonCigqures U conkeols Pae hardware of bne compuier
processor speeiCic (e.q. Mies Tnvel eve.)
™ The tompile Skep bransiates hign-lev) odteiato assembly eode.

= The assembly skep ‘ranslates Gssembly tode e machine code.




\A\av heagpens ar bPne

bompiler syeg 7

Whakis ke ‘asc.um\.\n

progcam' G

Whek is bne GOC wmmond Yo
cun ¥ ompile svep?

Wk gt ot Hae assembly srep !

Waak is ¥ae \mq(\f\ine, pnamm' 7

\I')\N"\' 1% Pwe GCL wmmand

Yo con ane ms(em\,\\j trep?

T Fhue role ok Hhe (ompilec is ko dransiate o ¢ program o an assembly
program
™ Upon compilaion  Hne vompiles brunslaves euch line fn 4he C progqrum ik o MIPS Inclacin
vsing Hae “MIR Lnghnckion St

° s “WUPS Onear Shicet”™ on Lanvag bu view Hag inghuchon S
- Lonsisks o€ 4 ¢\ o€ dext Ingbvctang (o ﬁsicm\a\j level \4«3\,,\%03 vsed L,

L s Pre protessor.

> eStembly programs exisk &s o >.5 text Flles (< is thney For "nis:m\-\\j")_

~ human ~read abole e in¥ended vier Is o iuman,
- Jee =S fe.c L\Lt\j Piece is tve —% m—a\x\ngvﬂ-\

= GCL Wi\ Fave Hee o pm%rwh\ aned podvie Lile. s proafam

= The cole of Wne asuw\\-lj skep (s +o transiare an os\enbly program 12 o

Macnice £rod v o
= lonsists € a %} of binary inskvekions Haay LonCi:'un_, % (ool hardware.
= exisve as & & > .0 btn.f\:\ olgjeet Eile
= Notr iusan —ceed abic ,&-9- e inrended vier s a hardwace.
-

SL(_ ~le file.c Lk..ua'- e ~C araumr.n\-)

= OLC WY prodie a File.d modhine proyram.

= M\PS Inskrvekion Se¥ frownilectre —

Whak is an  ingkruckion set

ocdnikectyce 1

Whar is  WMIPS 7

Whatis an " iaskrueron” 1

Waak ace W Yypes of o?c(amds",

= N e Vocabylary thak Lombints istkcvekiong with re.aishrs,addmu'«j madels ank
data tyges
™ Gvery TSR s specifry bo a procestor acchiteckuce
* RTSC Credveed Taskachion ser wmpvker) it Hae proctssor architectvee Haat we ll
Cocus on.
= Microprocctsor widhovd \nkecloviced  Qipeline Srages
™ Ao ISA Hhal (< opeci®ie +p RISC.
= R primi¥ive opecativn.
™ The assembly progcam (s File) ok wederive Fome .o File dvring Lampiladion
s comprised o€ & (ong Bk of Tastevekions !
« Toastcvakiang SpReify |ace madevp 2€ an ogeration, cnd ¢ opr«\dc
(e necessary variables +u pec Cocm e operation
= limmedicte opermnds — davra | Lonstauny valves

- (ea'.s\-evs — spucce anel desHination operonds



Whok types oF incteverions
dves MPS Laave ?

Wwhat doee an R~ rype

instruction ool \ee?

Wheat is a re_sisk.r 7

ek does on -I-"\—ng,

Taskakion ook wee ?

Whek ¢ ca evample of +he
compiler <yep?

(very simple example)

- K"'\-\,pe: where Hre Insteverion Operands are only reqisters
* Mis indlvdes aciBametic, Wwaic, shifk, branth ;and Mparizon opecations.
- T—"’ryP'-'- Where Hhe jaskevelion operands aret a Lombinad-ion o€ rtﬂis-\ers
With & eonstant (an immediate” opecand)

inctudes actrametie, logic branch  and mcmorﬂ operations
)

- 3—\-792, L only JVme inshvdkigns (nov covered in yhig LOVKSE)

= ex: add 1 R $2 $3
! 1
Hre opecation e destnarion e Sovree
operand operand s

> bae prefix denvkeq & rea'\skx

> an operind WA Nas bs Ao with memory [hacdware,

= MAPS deCiaeg DL qEreral pur pose reAiskers $0 Prough $31 eachof which have Yeir
o n mu‘m’-\a_\s.

= 30 is a veny tpecia fegister — it {s fead voly, Aways 2er0.
= Bx addi $1, $2,

=
lTl IT‘ ‘_—l_l war“ 000c andh WWiLh 1S an

e desHnakion  Source immediake operand

e opecation
operand operand

S?!.:J\T-ai\\a avave o+ L
- 1‘\'\39¢_ tasirveXion operations Wiave an U ab Pwe end - ie. ﬁddi:"
™ One o€ the verands is nob a cegistte buk & plece sédata (a * onShant'’)

- n
*inis i Pt one ¥rat doeswy have a & 0 Bonr o6 ik —ie. T

10k o =\D7, 1—+add i $?,SD,\D
’Lin\-\é—;?_') —_— 1r0dd $ﬁ)$oJ7-
3 iav ¢ = aver2 1 add  310,%3 34

%:]:mlcl.i $10,%10, 2

1. o0 “In"
%2 represens Hhe vadable & ) His line Says War $3 is equal to ($° +10) , N

\>L.\'n=3-\~v. Tmmediote (dara) operamad.
% %9 ceprescars varuiie B bwis (ne says el " 1 equer ko ($0 V1),
2 aThece is no MBS lagteerion Bak thas 3 source operands |, (fe Hats Tine doty (0,6 e c)
" R- anen Lo tyoe instvckiog take 6 waximum oF 2 source operands.
= TheceBore, Hnis one line of code is lavoken into 2 MIPS (A 8kAYsns.
3a. Sers B0 o ceprescnt variabie ¢ ,6nd o hold Hhe volwe o€ (33 +39)-ava a+b !
B Says Hhat D10 Wit has wiresdy bean set ko represent © — is wow equel 4o ((H(O +2)--akaq

Pre previowsly established value of ¢ (from Step 20 ) plus the immediate valve 2.

= These Bore ) Hnete 2 tnghroctions l-m::-\-hcr St Gravbv2




Converting MRS Ingrvetions inko & Madatne Proqram

)

How is & MIPS insketion

Pnverred ko (u'ne.rj code?

S AR oo , What Hae Astuﬂbln step dies.

= The assemblee will Wranslate €ach MIPS ingtvuetion (recall fom qotes £ %D inko &
Madntne instwrdkion | ‘r'-n\\bu?nj aspeciCry tev of “evies” al defice how bo
vy inglvuckions  inko ‘oinanj avmbers |

= E,vmj inglvuckion onverks into o 32 bik maoniee ingkruetion .

> RECALL Wor binese are L kypes ofy MIPS inshevebions  Bdype ) Typr, andl

3"-\-\,92,

T Baon insteverion fype fas o $peciCic formad thel defines whion bivs Werespand

Ao L, SY“‘C"“\‘j ,eatm WSkvctivn Hype has (HE own Cormat r‘tJnrtltu.
* The ch.\ds of Hhe instvction

*Tae # 6F bits in tack Gield
° M ordec (Gn Bae BL-bd S\-finj) in Whieh Hae Gields Oceur,

= FPoe example , Pre Eicar Eicla of °"“'5 Testrudion '\'\,ps T3 the upt.bdo.'-nw- Coret &

bivs _‘m\l\\dﬂ seu_cﬂlic.s\—\m_ o‘s.rn\-ibr\ o€ ¥he instrueriva.

—R-Xype Twsteverions —

What ¢ Pne Lormat of an

- \--"59, ingrryckion i

What is e opeode For

an 9—“\'\/?‘ inghro c.\'(e(\q.

What glset Re stber
FindsT

| Field Ri¥s T _I
opLode 31-2¢4  (First b bik)
firsk sovcee ro\]\'s\u (rs) 2S5 -2 (next 6)
Setond Sour rcauhr ) 20-1b  (ne+ 5)
destinaks on rca:skr (rd) 15—\ (nexr 8)
itk amount (Sharmt) 0-6  (nexns)
funcrion bixs (Func) 370 Uask buivs)

00000000 \0OD OOD\ DDOID OPOOD L LOD LD

Ay a\\»luns 0 -- aka ODDOOO

= The operation in Hneinshrvckion (aiea add Sulbbock, e ) is instead speciCied in Pae
Euneron fGiad.

= Recnul Y Pusts aF a~ IZ.—l—apg, instruckion Cpecy. poa..), For ex 5

ol iy I i
fnc rd

add S$1 . $2 33

l

rs rt




So Wisw A e ¥enow what
\pir\e\fus s-\-rin3 ‘o a;\-vk\\\j

PU* in catw EBievatl

Ex“‘"\?“‘ oF some r~+ype

Lonctidn Lodes T

(:.xtuv\g\(, o€ Lnnvu\-?nj
an K~\-\Ap¢_ ingtwckion Yo

M acNine Loce 1

— For all o '\-hcrgsis\trs Crs, 0k, ed) )\"us\- convert +he decimal pvmber Vo
its S-bi Linacy . For ex
$¢ —> oLpOED

= The opeode s e\ways DO0COOO

> Por iastruetions Haat Ada'y vse e.vunj Lle\d e vnused Fiedds arce Loded with

oW\ 0 lits

ﬁpl‘l\m\.‘\ﬁ , Hae funchion Fe\d Contains Pre b-bik hinar\:\ number Hhat
Lofcesponds Yo dhe given ogeration  inthe MIPS inghuetion.
* Eaun oper ation hay & Locresponaking  b=Lik number speciCied L,j Hhe,

MAPS lagtruckion Sek. View Faem all in the MIPS Cheat ghheek.

Tnstrevexion Fuaction biks |
add | 0000D
addu 10000\
Sub 1000 0O
and lool oo
ol 10010\
slt lolo\d

= Leb’s refec ko Ane thample MAPS pm\t‘rnm Eom e compilarion step (prev.section)
add i $%JSD, e e 32-Liv andinj of thais inshrvekion i8

addi $9,%0, 2 0ODOOD 01600 ©106| D101b 1DOOOO

T-\ype inshuctions

Whet 1 e Bocmal ofF an

L-‘yee instackion?

RECALL: pacrs of an L-type

instucrion 1

[add 319,33 314 $P | e(8) B rabivd fuac doddy
) P
addi $l\'])$l0)7_

| Field Rids

opLode 31-20¢ (Firsk & bikg)

Sovree rca\'s\-w (rs) 1S -2\ (viext 6)

destinabion @qistel (et) 20-1k  (ne<t 5)

immediake valve 15-o Qask Vb bike)
2 foren, [ Tor o

addi S$1, %2 1




M\ek s fne DPLQ.QQ Cor an

I "\‘3‘3(_ insteverion 1

Waat qoes in e rest of e
Llanas?

E"’“"\f\b Lnﬂv‘bf\-inj an 1'\’YP¢

instrs exon 1

- Soame LML‘P'\' 6t "Func:\-ian" Fie\dk o€ an (L—h”;,_ :, eadn a?ceron i<

hesigred o b~ bik binary tum. @ bais ams inHe oplode Gdd. Some examples:

Tnsrrvexion Decode bits
addi 001000
addiuw boroolI
andi DO 1L OO
Sie i boLO1ID

- r&a'ls-\t(‘g (rs,ct) : Same process as Cor R ~+ype fnshructions
= immediare (ake o Lonsgtunt voeie) ¢ J\. st convert Hhe dedma) number Fo i lb-bity

b'\naﬂ !

| addi %% 5 $O_, \ D | e 0O\ OOD DOOOO 01650 DOOOOCOdOV OO 101d
— D

— J 1 [}
op rs (o) k) fmmediare C10)

—)Now_‘\e\-.\ reruin Yo our example & translare Hhe entice :ssm\.b Pmamm‘,

[WMadsine Progearn |

addi $2,90 10 0D\ 00D 000D 010D 00O BOOOO KOOIV b

adad i S‘\) LS o) 2 00\ 000 QoD DIDO) D000 ODOOLOEDOO I

add  319,%3 314 >

QDOOUD DIOOD OO0\ L\ DIL VODOD 10000

addi 0,510, 2 06100 01 DI6 DIDLD 660 0OODODDODAG 1 O



The Prssembly Step

RELALL: ot does tine c‘su«\l._\J
SYep do?
What ace e 3 ""‘19“

o€ O\o'y.v\- Ciles?

\Whok is fhe cevocutabie

Objeck Cive ?

Whar 1 ELE" 7

WWek ace why diCleceny ELF

Secxiong 7

= Coaverys o bexy - baged 'B\sscmx,\%" POYram (C.s Gle)inks a \)ir\arn madnine Paoarm_

1. retocatante obStd- £ile C.o0)
Lo execuraie o\.,igq- Cile Cla.oudd

Shaced objear File (50) | Mbastiany o Voracy™.
= The specific Hype oF File created by e assemblec | "objed Be” Quor shoct,
TN bytes in $he r.0.€ ace ocdered a very specitic Cocmed: ‘executable and
Rovasie Gsrmear" (ELF)
= o maching inchucon durecated by bne wssumbler i uisigned to an CLE scuHion, and
giver o Yempscary memory addeesr (i€ possibote).
= e standacd bina% CormeY Foc all oojedr Files created L\Q'Phc meﬁ\qﬁn
Sygrew ,;m_\wkc,\:j e D ¥ypes of object Files.
> Nen-iac\vsive list o6 et Pre seebons Mok we will Cowe ont
*dex Seckion ¢ nolds e waewine insieuerisns Cile. your frojr:ma)
v .rodala Sechion b holds your cead- only data (svehn ag Lonedants)
-dato setviont herds intkalined givionl & Shakie vacicbles

s SYmbab section L Nolds Hhhe Name und addeers 1ocokivn of FuAckong & gl-ha\{do-ﬁc

Yo al\es Gna “S\Jr\ho\ \-..\;\g,")

cvel.dexd ceeront “celocation Yo" ;olAg Mt relbeakion in®e $oc Hre . bext scedion.
-Uwd L) e \inker bo retocate un resolved instantibng & Heeir cssoct ated
Memony addcms .

Toreldoth Seckion § “celoca¥ion data" ) lholds Hre retoeakion info Foc Pre . datg sckion.

“Usd oy dne \inkeer to relocate unfesolved dava b dheir cscociated

Memony addcases .

_b‘-—f-\IS vse We Fol\o\.-l‘nj frogram a3 an example Yo diswse e ogerations Fzrc\xmd LU He
A szemo\er rogram % tcembion 3¢ an 0.F.
Pmsram el.c

ink som Ciat *a ,inrn) /\

int accay 31=291,21 p

Note,: we orcs\\wb\a Ve C PG only €or

int masin () § Wwehraiive porposes . . in realiby dhete operations
int val = Sym (_Armj,L); O perCormed aGter pl.c is Lompiled inds

feroca va a macnine/assemlo\ o PLl.S |
) Y PGy
The steps aisuased below wonwrn #o tonvirgion

pl.s — pi.o.




Whax 15 a “S\AMM\” ?

Whal does e Asembler Ao
Ciesd 1
ex?

VW ax does e assamvdlec Ao
Seecond ’l
What ges aWe dava

eivion?

Wher does e assemblec do
Mica 1
Whak goes ia Me dead

Setvion

T Ik way be the name of < (L) Runerion, (2) sbal vacialle, ve L3 stavic variake,
= Thecrcoce otner Types of syrnbolc Pack aresupporied, lout jvak G-w_ugfﬂ 0n Hnege For now.
= 0K all o€ he Symbol € in the mmuj program yoandvpdates Hae ‘S‘J'“"“b

ELF Seckon |

csymiab of pi

Symbol Seckion Radcess (32-bits)
meain ek
Svm et
acray Jdata

- L&Lh“53mu\ \'«b\c"tn'}rj inclvdes the tymoel name e EUF setion * \M\mjs
bo ) and e Symbols Memigy addeess
= Uakaown addeess infocmakion (indicoted by e ") moust be resolved ¢ither
b\si—v\c aséemboler or later Tn dne \H\\m"\s e \-,.gum._ \ingor
= W then dranslakes doda deined i Mae Asseoly grogram e data Tn Y mathine program
ond UgAares twe .dava ELF cction.
™ Badn glebal cead|weAlke vectalie is assigned & memory addecss 1 shacking ot
address O,
= The .deta settion WNolds eaon o€ Prese vadales X i3 Hhen ossi%nm\ & Sive Cinbybec)
based 5n Pre i 0F Hac &ie vF eap vaki bt (k- holds,

(For e, A ik has 3 o) variabler ,the site of L data Wwld be |1 Sg\;q ).
T>The sie of deda i Fived— ofler Wnc tectian i Jpdated bj Hlnc assembler duﬁu\j

i thep, tis e Lo a eckain St Whith canmot drange \wer,

.data of oL

Address (base ~ \OD \obal variable

0 arraj 221 ,11

Aot

= The assembler thea beans|aves ﬂ&&uﬁbl\_.' instrvebions (REOALL fhe MIPS TSA) ink
wmadhine inskrverions  aod vpdate Pe  lewd Setdion.

= & bable Whtre eatn w-\-fj is 6 32-bi+ mamine inthrvehion (aka O¢ and L) Baaris
ossignres & fneemery oAty

* The envrriey eacn represent Gn asl.»un!n\j inskruction, Gnd ace crcaked Iqssianu{ e,
addargts in e come stquential ocdec.
> Jusk like Pe dova Storion b Gt Lboray # oF byks) indhe dect Secion is fixed,

2 Cach instrugion is 4 bytes <o sive o6 deyy = (» o€ astruchons 2 4 ) buples




Whak is e & 77 mean 7

w\l\\s it e Gt mMemory) addsuss
37

W\nay doesy Hne assumbler Ao

£ovet\n ?

Whet does the asembler Ao
Letw ?

dexy of o1
RAdcess 32-bit Lnshvockion  (given here | Fuc denpnshration as & Terie detidplion )
> ? Load address of (addesK O ) in o rgister
s " Skoce L (fvom tine Y, " vol = sum Lareay ) ") in « cegister.
o Jome bo adress (7) fo can 4ine funcrion.
10 Shore in a reqiskec.

= Unknown addeess inumation (indicaked by ©7") must oo resolved by ¥he asstmblor of-Hng Fneec,
* Tn Mois example, die memdry addsess 8§ Funckion Suml) s yaknown becavse it came From)
Wot Toepecle £omn Some obner tibrany .- notite hew pl.c has o Cuncvion Pn‘h'l'ype foc Sum
but ne CuncRon definikion.
= Recolt ) the firgt address in pl.o's memory wWaz assigned o ¥e .deta seckion
WWioA holAs e program’s Lonly) Jlebal vadsbic — * The batel tiqe of is
i) bytes (Mom addretses D -T), $o b nest availelle adaress (ocabive is 3¢
= The Gesl 3 skeps ’U9da\1ns+he $ymbor talole (5‘3""*'“5)) Aot and data seedons—
were fhe atsomblec’s " Eicsk pass.

= 1% now prlorms & V"Seeond Qoss” where & cetruens Yo Hne “Symbals Symbol Huble and

vphates Wne addeess inCacmarion o ressive dny 7" lake unknoun addresses) dhot

W Loo!
Updated  -symials 66 oi
Symieot Seekion Madress (32-bivs)
main (& Funovon) ek 3
s La Fuaction) et .
array (o gobal vactable) datra o

° &'QWLJ Ye "main” Symbo\ Aidnt have an addcess Msiﬂvxg&% . Bok npw That e
Fexk Seckion i3 updated e bocalion 06 e 1% jngbeuckion Hnar baves plate Inside
Mainl ) i nowe — and 20 the 4ddcess it vpdated .
2 \F any addeesces ace SHIN varesolved (like som ), ib is qow e esponsibiliby of tine linker s
falocate it in Mae Miowing Syep.
TThe assembler was vnable by Iocate #he 1 instruckion oF 4he svml) function.
™ D¢ part o€ Pne Seeond pass | ine assembler Wil W0 d Yo updake addeess infs
in Mg et seetion -

* L\A sur erample, Hnece is noMning +o vpdat)




Whax does the assomslec Ao

Sixth 1
Way qees aYae relkewd

setvion?

Ex?

\A\M\'S Ao \We ierd Hae el \exd

eLkion '{

$w«mc:)2 \WhaY ace tne opecedions

pecFocea J\\Jdn&-\n msav\b\_\) skep?

- Fina\\\\s , &S part o€ bhe Second pass, the O3sembler updodes Yne (el text Seckion.

= Wi 4 “okvp rable” hect Bt astimbiee kdas an enbry for eactn uncesolved Symbol
in dhe  texy Section ( whicm woataies all o€ Hhe instrvikions — see skep 3)
- Gasiw.\\v_\' o each Symbo\ From Symbal bakle whece Hne memory addwse is varesolred |
Pece axishe avieatt pne INSICULEION intne .texy table ¥hay “ealls” Phat Symbo!
Lo\aviously ) bl i€ ivwal Never vied then u\,“-1 Would i ewen Le in e PTgram inMne 15)'?\'*“)
* And ag YoV €on see in the et fablc eathinsbruchon hes an asﬁamA mtmlg addeess,
= Ta bre reldext Fauie: Coc eathunctsolved Symbs!, adds MM\“"j cot\\'e\il\l'f\j e name
o0& $hne Lymbol, and Pac memocy addesg Assiﬁnu\ 4o ¥he Sicsk Ingtevckion Hnak “ealls’y

vseg Bne S\ambv\ Cindi gﬁ.\-dlw\ o ) in Bne texd +'=Abl=)

creltexy of pl

Addcess (32-biks)
1o

Sﬂw\b ol

Suen

S Lh s later vseet Ly the linver to <CC:‘_rm+\j vpdate Hhe text Section when

re\oeakion It pex Cosmesh .

> Funckions oy a sore of "Vookue folle” — Whtn Hhe (faec wears ko resolve $ome s,
W& cua relfee b Pae Foble do enow whidh addiesys bo 3» h) ratec than sm«o\q\‘nj
-\-\nrouav\ e entire bexy tection For Cach varesolved s\amho\.

Stegs Joptratisns pecfonned b:\) assemblec

1. CUreare « (elvearuble objeck File L pl.0)

2. '_Ld«.néf:c\' symbolc and vpdate He . symbab Sekion,

3 Transiate a3ombly deve to mahine dota and vpdate the -dave
Sechion,

Y Transtave asimblyy - ingdeveddons v mydnine inskarkions ank
vedave Phe  dewd sccvion.

5. Backe BM (i€ possire) addeess infurmadion ia SYMran and
“dext sections.

©.

Vedate e Yel.des\ section and add entdes Foreach

vafesolved symbel IRMAe Lesn gerpion.

= Note: anob e conteat in Cach ELF Seckion oF a 1.D-€, is {n Machine \mdvago
(ava Sinary tode, Ogandk 1) ... wWe jus{- vsed texhal desedphons o Hhe example

ables above o ocder Fo Undershand Jhe potesses.




The Sta¥ic !(inv-rn:\' Svep

Whok i Hre role o€ Hne linkee?

\AWar is e GCL tommand ko

\)L(Gorm Ye \Tnk..?ns S\'tP?.

Ex7

Whet happeas when we cun this gee

Command

> RECALL: the 6GC temgpil a¥ion sjsm hag D skeps it pecforms to execute sor Progrom.

W e ve o\\ru.A\j \enrned abost e om plovion and Gisembl -SRQS',
1. the compile srep: Translawes a C program it an o.sum‘.\“ proqram.

T Yae assemble shep: Tronsiaves an Mtuv\\,\\l 7"’3""'" 3 & madnine o o\pjw\'

pmarﬁw\ .
s he “l\v-:na step: Traaslaks a meclaine Pojraminte 80 exccvtubie progmm
-\-\\A\'nw con A o0 Your Syctum. (Fmem oy aotey)
7 To creake o erewimble program by comuining relocabople olect Files and for

s\haced ab'\l.u\- Ciles L(_.Q. \'\b(m’il.s\
= c"’fiv‘-'-\‘?hj muiriple relscatable o\,&u.\- Bles (which ace e created duc\‘nj Yhe QMJ

Shep 53 qoc =¢ Flename.s) 3indo @ Sil\a\f— exeeytable d;ic.d' Cile .

- et —skaric < > 4 >

= — Recall Mne pl.c program Fom Hae ansembly Step nokes, tonvected into an

c.0.€. caled pl.o . ik som Lint o >im-Vn)3
ink o.rﬂ\j(,'L'J 291,21 )
in+ main (5§

iny val = sumlartay 2.,

rerora val ) Pl.c
= Nobe thatr a Cunction p—-h\-.,?._ 3 a;w,\ Goc iny svm () Jovt no definition. I-M-a?m we have anothc
c.0.F. )s«m. 0 ) crtad From ik sum Cink *a ik o) 3
e Cul\nw\‘nj SVM.c progemm ink s T O;‘
Gor Li=Dyien i++) $
$+=aCid’ 2
fevorn &5 % Sum.c
To combing Sum.s and eL.0D itk &n exeevhable f.mjrnm_,wc Wwould fun e Lommand
i QLL —sta¥ic p1.0 SOm.D !
-0 5;,,‘,3 trecboble doject Hie Hhakisin BLF Fornat is created | wibn e
name &.0ub .
- b\‘nwn wretvrulle object Kle ' “exewtable * Cur shork ) incivdes ab) of Hie data and

Ingkevirions ek Wit be opied inks Mr_mpr3 and Fan .




b'\uoramq_

What 0?"""“"“‘ does yne \in\c.inJ

Skep ?c(Gu(M ?

\J\\\’\‘*\-\ne\ﬂx,n; dvp(f:j S\ambo\

cesavkion ¢

Exampte?

Whakr dors te ik do witha

M inCocmarion?

What e prens Avrin3

ferocation T

| "\sscmb\j ecva(aw\ (e1.8) | | ’-\sum‘ol.ﬁ ?(vaaw\ (svm.s) |

lhssun\,\n.- (4 ) l

| Objeet Fite Lpi.0) | | Object Fite Lsum.o ) | S‘IL\A\::‘::?;*G\C
l l {
| Linker |

1. gﬁm\w\ resolvkion

1 Revocavion

= Foc o symbel ina Sypbel Symbel kable ook it vadefined — ake has an Unkmswa
onory LARFSS) i AT eated by T inbae 1 dabtes — dne lioker ariempts by lozate e
same symiol Lice, e seme Name gnd same ELF gecrion Nee)
* To doMis it lookes indtae -Symtels Symbool Lables of oo Otme~ 0.F 5 Leing Lombined.,
= 16 Wae linkee cannol Gind o mareh ;then Yae entirg linking skep Stops. and Fails wikh an
" Vndelimed ceferente eccoc”

SRECALL the -Sym e kaple Creaked for Pl dvrfnj o\skmLIJ .

ssymtals oF et
Symeol Seekion Madcess (32-kivs)
mein ek 3
PN et
e o o = This is the symbel Favie for sum.o

“Symal

Symbel Seexion Radcvss

sum Ao o

= The linker sees thay botw Yakles have mswhhn\ named “tun” oot is located in Mg Fext
®ohion Lmlhv\;nﬁ Mat ~l-‘n-.\3 are iashveliong )
S W sees Bnar Wie addeess of sum in gl is vndeFined snd based oo he fact that thece (xiths anoter

Symbol oE both the Came Name 60 A Hype | Pne OXLT Ynen debecsatnes Hoak +'“:j are e Saove syl

> Now tuak ir waows this, the 7 in pL's Aext seckion can e Gilled With ¥hne
memory addrss of Hae sum’ Funckion Fom  Sum. o

> Bor wait — how Av we ek Hhe tecr seebons of AifCerent €.0.C5 with ACGrnt meme g

Sy | bo Ceferunte bne anoivec’

= ACter Symoo\ Cesdlvtion is pusCormed fne linkier (Rlocaves (i.e. copies) the text and
.dava gekions Com pre ot more £.0.€.¢ Gnd omprises Haem RN inke new,blaak dext|
dara getions — nemely  Wnosc o€ e final executable ohjeck Cie !

* Ros Ly | the Vinkor (opies daka and instruckons fom dnein reledive addre locations

in Bneic Celdeabuble objrct Files, o ¥ueie Final, absolvie addicts lowodions in e

eAleotable object Eile!



Example of how e linver = For gec —stevic pl.p Sum.o

Pef(:v(ms e\ peadion 7

L The linker oreates 4 new excestanle objeck File tnar has an EMpry  dext and
-derd seokion.

LY The lineer Scerocates” Hae fexr @ date seckion (nkente oF He ¢ File ks
e tame Secdions o e, @.0.F.
* ASrc wne ‘L°P\_») pusie” is pecformed | the linker asdans €adn instruckion
AN e dexy geekion Fo a NewW GAdress in dne €.0.€. — AiTE From the
one it was 1niﬁa\\3 5\«.\'\ W (Beintne pL dort debie )
2.

The linkeor “celocater” gl o Hae inskruckions in Hae Sum.s . dext Rchon

Yo vne e o Fy hexd ®cxion, and a_ssijns aWl 0F Hem anew address,

* speeiSicalry ,Pre addiests in devy available 0fHE dine ones baken upLJ oL
‘NV\:S is (Llotaklon iMmportank 7 = Cnsures et al\ davra & insteverions Copied o the ¢o.C, m’cﬂivt_n a mtmorj address.
E&am?\c o a ;U\.\\\l)

D RATYer Celoeakion ,Pree.0.€ ¢ " gvl\n \inked.”
Koked e0.C. 7

dexy of pq
Fddeess 32-bit Lashuckian (given here | o demnsivation, as & 1oahey destdpbion )
% Load addeess of (0dde D) in o register.
(/8 Shoce (Svom trae ¥, " val = sum Lareay 2) ") in & regisker.
[ Vump ko adarese (7) fo can 4ne fncrion.
1° Shore in & regiskec.

= Mereis Pae Fexd Sechion 98 4hre €.0.C. afler the linker hag fes Fosmed RAoeation

-fexy of a.ovk
PFrAdcess 32-bit Lnskuckion  (given here | Fuc denpnsbativn a3 & Texive diiciplion )
9 Load address of arrayy (addfese 0) in a register
(2. Shoce L (fvom tine Y, " val = sum Lareay 2) ") in « cegister.
16 Jump ko address (ZU ) bo cann 4e Sum  incrion.
.0 Store vol in a registec.
24 Skore O ina cegishes (i vadiable)
L% Groce D in o f‘!ﬂiskr {6 variable)
Yy I\’N\p Yo addeess 20
So mmc\rj?

= The \Rn\u‘nj step ombines ©0.€.5 aned Sharch o].j(_(_-\- LNibrary ) Ciles bo creale an exewdolle
objeck Cile.

™ Josk Gk the .0.5.¢ Hhe €-0.F. is alsoin ELE format ) I+ Lonbaing o0 Hne Same Seckions
as Paose degudbid in Fhe "asseml—:hj Grep" Nobes,

= The °"\‘j ATERence is Prat P Seutions of Hhe €.0.€ (ontain Mathing inttruckions of
Mulkiple relocatable object Files.




The Loading Step

RLCar: Wher has +he umn‘,vkr

J\Dm v Yo Yhrs ppiné—",

Wher does bne loading step
dol

Whay haﬂxms ‘Jf"\of tothe
]enolin:) S\-ce'?.

Vow are Phese sections ass'\jnul'l

Whar dots e, \vaderdo in
Ske e 11

Nhiew secMoac oF the e.o.f.

At Lopiea

1. ('_.MF-,\.,\.;.‘\ skep * Human ~veadable C code larea yove e o \‘fﬂ\')"“r‘-\3

teonsiered invo sitembly lunguege ode , Where eada \ine of ¢ code is Wined
invo e« MAPS lasteuckion | Prpduces & file. S assemlly progrom.
s Assw\\s\j SHP | Homan - readeble assembly code (atkea File. s ) runslated inko a
binnrj madnine \qnju sqe program (not iuman rtad«k\(,iusi— Os ang Ls).
Spec.icru\\\ﬂ) produtes & relocatable object File muine program
(aen Bile.o)
3. Lin‘dn._\ step * Combines mulbiple o.Cs (erected by aseombly shep) 83 Lty
63 Shured objeck (Worany) .50 files TnYo a single execubable blvju.&
E\e (aven o.out)
= PV s potet oot is jusk o File Holing vp space .Houw dowe sdhvally ovn it
7 Loads an ertestalle shject File into ©emdcy So Your Lomputer Lan exervke Hhe
instvckions and run Yeur ?rbamm\_
> ava JHae \om&tnj skep is whad 0cers when you run L [a-out in the keminal
= The Lo&).\‘l\j Srep does 2 %\‘nﬁs .
1. Copies seckisnc in your erecukable dboject file inke Main memory
2 The tomputer(operating Syttem ket enecuting Hne madhine ingtrudkions that
ofein e ey secrion of Hae €.o.F.
= Whena Yov execte your vaa"an)&,‘:vr: the Loader can tven do Stepd  Hhe
0s ( ;’F"“““j sydtem’,ak e your compviee) Firsr assigns memor y Foc your proyom.
> The DS creates a techion in main memory for each of the 'FvlluwinJ:
* Usec Skack ' cfCaked &t ruatime
' Rua-¥ime Neeap ' Creared LJ malloc
© daka ! containg Hhe cced firilte dotn Segment — aka Mg dave BLF secHon!
Fexy: Lonvains e read - only ode Seqment — aka e dewt and codera sediens!
S‘ndcuak\sﬁ Cor this bne progam.
> Lach setion it Gssigned 8veey spesific, fixed Scamc.n-t n memocey - i.e.,a Specific
fange of memory addresws,
2 Nou thar Yhe DR has cecoted mombry Fur\dour pruaram,-\-he_lom\w tan (np\j
e cpproprate tections in+ne Fully linked ELF object File , Yo Haci assigned segments
W enoin me.mbra.

= RECALL tmar-vne ELF File Lontuing many Sedtions . Synttols | text, . dave | .Codata , Selbork jeke.



= The lecder °“\j wpies e Aext) .('Dd-‘(\-h)qno\ -data seetiang ‘o Hx,mfmpmdl'nj
scamm-\-sA Weevoo

Quv &DOO
EUF header User Skac\e
OxYy Qoo O
“bkex OxAODOD
Run-rime heap
-rodata
oxbbod Ox DOV
.dara the AOXa Segyment
cdymtal
Ox= Y 00 DO
otcr Sections feadk - only ot xcﬁw.lﬂ




3*«*'\9 Libracies and Sta¥i

¢ Li n\t-\'na
Whet « o starie oracy 7

< Mvikiple relared retdceralle dbject files that are tombined Lspe,f_i\:mll._,j

toozayenakd) inko o sina\‘ File | caled a s\-a.'\-k.\iqurj (\so cal\td an ardnive)
= shalie Vibraries exisk 0s .o (iles (t.a. Woc. o, wWida representts the standarms C \"\Bf‘!fn)
= Static libmrﬂ Files contain g “\f\fﬂ 5\3‘“\”\ tadle Phet lists all of +he snm\av\i defined

bj eatn (.0.F.g “Symtals seckion ... basrcq\\j U’mfﬁ“-s +hem.
Where is o srakic Wbrary treated 7

- Ej a program called e ardniver, Lo exists on our Linux DS as an execvballe dbject Gile
nomed o

\W\ak are Some (ommon Stakie

o \i\oc, e ™ Yae C standacd \ibrqrj
Korades 1

T Lonkains covgnly 1, U9l ro.b sl VM. b MB ardiive
inc\vdes Lo copabilities (e printf stan® ) yMErDey dibesdion { maloc JFree jeve.),
S\af\q\ "“’“‘"‘““‘3, shinj huod\inj (5""'"'-?3 ak.)‘ dare & Hme ;random f\\m\!m-s1

inteqer metla Leg opecations) | and moce .

P ltbm .o — the € monn lierary
Loakaing rovgnly YHY rp.f.5s. ~2 MB acchive

more Lorused on c\va:\-{ns POIOt Mmook Funetions ‘.‘nd\“ﬁ“_j the Buackions fur sin Los, tan,
\03, exponent, Square foot; wnd vmore.
How (70 yov views o\ of the .0.C.s

> Vgede [0¢ b WormFie.a | sort
ina \'\\o(a.l\a’{.

ommand inHne fecminon ¥o see asorted list oF o
Phe 0.Fg ina ‘n(-\-iw\lf skaric \ﬂprmn.
How is q SFa\-io\i\:vrmrﬂ creared 7

2 Eex: SUY we wankd Lo ceecte 6 libe.o li\,rqu ar incivdes 3 funchions a0l , prickE) gnak candom
1R every (& Program Prak we want 4o combing, We Firgh Hransfoem it iovo an co.%,
(ava, tre Lormpile and assembly steps!)

Next | ysede aceviver program ko toribing every ro.C. ik asingh acchive Wikhdhe

Yecminal tammand ac ©s \loc.a atoi.o  painmf.»

vandom.p

e ovtoul of dnis Lmmand, wWovl& Le our s-\—ad—ig\iqurj yBoc.a
Wou can we incrementrally vpdate

S\ yov wan)y -\-umn&.ﬁ'-\j one 0%+ programs inan n\(tqd\J [ZI T Y li\nrarﬂ , Cirgt (o®er Ld.ﬂ'it\J
& \dorary? He G pogram) ompile and assemble #F aqein, fo dbtain gour modified 2.C. (.o Fled.

T Then we fun ANt some G5 Lommand 4L obove Lacept Wit tae © and S srqueeets ©

C 1 Tells e acchivee Yo repluce Hoe exhl—inj file indhe archive wikh Hhe vpdlated one. € o

Gile of Haak name diesn't 6\Cady exish, acdniver adds it +s Hic archive. a¥.a-,rcan

al\eo be vsed b add new Files 40 a ‘“’""&-

S5 Tl b geemiver bo vedatt fne “\“‘”j Stfmbol Yakle.



\N\!\\S Aves tne eXample heve

e < mraumu\-\-s".

i @As'\z.q\\\ﬁ , BVen When you afe crcd-inj a Now li\armj ) P"H-‘nJ £s in¥ae ¢ queaenty

woea't  affect aq3+V\in3 $v yov miget Ay Lell m\wq\f adA &,

— Skatic Linking —
J

ReChnLL s Wwhnetr does Hhe

linker Ao (Summacined) 7

How doeg, 41ne \'m\c.inj e p
Lenpey o €.0-C. W o Static

\ibr:.rs".

Wher 18 e Gt..c tommand o

‘w.r@orn \h\\t_:nj with a \ibrach_

= The lioking skpworks by +<\m'n:j Mulkiple relocarable objeck files (Whidy consisk
¢ ELFFRmar babies) | «nd combining Haete Lontents inko G.Sffﬁ\e executavie
objeck fle Lsoin ELF £ormod) |

D The .0-F. ad ik ereales ONtaing o tex , -Aava ,and symiels seckion that eadn
codkain Hre constlidated ontents o) 2ada r.0.C.s respeckive Fexy symbal aned
.daro SecHons,

= The linkec cestves * 77 (unenown memory eddreases ) in Hhe eof's Yext and .data

Sectiong by leoking cr Ve .Symbeb S‘JM“’" Yobls of tach Fdhe (.0.C. s
- E)asit_nl\j e same {-\ninj_‘ bvy with 6 Shatic lilorqrj!
= RetMaer Hhoa \;nun3 one 0.8, with anshiec, liok Hhe r.o. €. With a stakic Rbrary
(ava a tharcasbjeet .q Bile)
= Thn  Mhe inveer fe(Tacms the Fullouh\J sheps
1. Czo(.ﬁe_s Mhe contents 0f Bhe £.0.€, (<) +» an e.p.F,
2. N*reomprs b Cix uncetolved symonts in Hhe eofc symbals dabele Lj Su«-hh\J
e \'\\:rafj Symbol +alle .
> e foumd jik then celocaker (aka Lopyrposte) the instuckiony & data of Hae
celevont Funcxions Fmm Hag \"bf\"j kv the appropriate Seckions Liest and .detn)
in*\e e.0.5.
= L€ we wan¥ +o link a program +o +he Srandadd C \ﬂ;rarj (live.a) ngucc«.nn)

ve the —sSteadiv acquorent in dhe femingl Lommand o wempile your ferrAm‘.
sc,f__ =staMe -~o testl P2.c

*This a.rj vmend ellg the Linker +o look in ¥he libe “‘of‘m‘j Yo resolve Hhe S“MBMS
la¥we o2 .o £ 0g wem.

T Weniv Cinds the SYmbols, Hee Bnkar wily topy thoce incteverions inys the €oC eitl

= FCor uny obner \(\arun\.] LA e Wiegp't talved abot it yet.




S\\Qrco\ Libracie and

WW ok ace Hne limibaxions o€

Stavic \i\nrui:_g[nnw:n\j?

Dunamic Link.ing
~NJ
- LAf‘JL Gmount of Auq\ic_w\—ton invhe e D.C._, which makes it thxj lo.f‘\rjg_cflc_

For txample | allec cww\pil\'na and sl-n\-'-ta\\j lrn\¢.~rn3 the pl.e Prvornm,wt_ canrvn
e 13 =1 command Yo ligh all Files iathe ewd K thne th'mia space H"‘j Yake vp:

leacncid 3«_ =Stakvic -0 prest pl.c

learnali ® g -

“rW-r--ce- L oot voot | (S fl.c

“rw xc —xr-x L oot voot | @ 4 Y QY ¢ prest

W"‘s Aoty ghutic Lin\z_fnj Qmpomise - Becavse in Ve \;n\c.rnj step,vhe llaker eopies e\l o€ the CUF Seidiens

${—ocqiu space c.c(:-'u\'f.n:.jq.

What ie « Sharced l?\ararn ?

How Aees usinj a S\Nace \\'\lfﬂfj
afFCecx fhe erecwrion of e

P"‘a‘“"""-

L .deve codake,  texd, ke Foom tath relevant rop.€ inkhe \.‘b(“ﬂi L ¥o bne
EUF cections oF Lhe ¢ 0.§.
> \¢ buy Fines need to be perCormed on programs fnthe stadre bbrary, then ecdn
Program Maak vies Hae stavic li\-rnr\J wil\ need #o perform the \\‘nkrnJ Step maa‘m
e Symbo| resdlviion & elocation Wil have $b be perCormed again in ordkec to int\vde
Me \laderd Lod.\'nj vpdares.
* Wil v b0 Lrente new £.0.F. ¢ fur €ach Program U.S\'nJ he \iLrA«U_
= B aifCecent +ype of \Wbracy Wit whion d\inumu \fnv-\'nj tan e performed,
* A Lo b0 e limitalkions oF ﬂa-\-ic_\fn\'-»‘f\j
™ Shaced lbemdes exisy as .55 €iles.
™ Like shatic Tbracies, sharedh WWhrade also Lantatn & “Brarj Symbol Fabie Whidh
lists ean Symbst defined by eachh 1.0.F in bnc lbrary.
2 RELALL thay wWhen we pecform the \0»“\'(\3 step (./o-0ut ) the 0S treatey
Y ceckions in main ‘“"‘"“”‘3 Coe Your Proqram Stack, heap, read|wate date,
Stﬂmm\‘, and ruA-bn\j wde sc_amu-\-.
> When Yoor progrum v et Shactel braries dhe O ﬂf-i'va\lj treates an additional
WMoY Seament Specifically Foc shaced Worades Fne munorj'mlPPCd
fta'tou Cor Sheced libravies!

TBWe Mhe sthner seckions it ig aiso 4iven o Specific \ocakion Loddiress range) in memory .

Ov¥ 6000
OxvF 0000 Usee Shac\e
User Shac\e
OxADDOO
OxA500D M‘w\uﬂ-mqppd fegion
Run-rime heep Ox DOOD
Ox DOV Run-¥ime heep
tfw  dake M_amu\-\- TOGx
oD do fw Aok a seament
O~ fead - ety JAuk !t.\cfv\tM 4 J
Ox 4 00 DO
fead - ony deda xrﬁw.n}




How does dnis shaced libramj

= The new Memyny Seqment ther ke (0S creetes for shaced libraries the
memory Seamcn-\- o Cfeor 5‘\‘\9“"‘/

“N\met\j mapped rca;on" can ackvally be vsed ot oaly O program,
program VVW-VV\DnAq_ bvt Cor ohner progrems runm‘nj ianthe DS main Mt.morj ey well !

= The 0% it gemact — i Kaows that Vil P grams Miq need to Ve Hae

€0.C¢ AeCined in & shrared u\,‘-.«j . So instead of c,l't.n{-n'nj a Lopy of the

(.0fs in cat\n ervjrm"\\ "toerca L\‘brm—j " Mcmwj Sijw\'J'Hr\t, 0s

cceokes one dhacead Lorarcy :eamun'\- Her will be vged b:’ tath fmj'«m
NN\;N.\ e momory !

* Bs 0ppoted +o e pHaer SeeMons Lskazle heap .Y that +he DS Lreeey,

which ace un\‘clw, ¥ fn&tvio\vu\\\/ wtatcd c-ur ean ffﬂqrqw\-
How is Hais more efCrrent Hhag

Wy saves s-\-«ruag, space |
Shodvic \:\\\orn.a,'(

= For J;mga;nb We have 2 programs , Trvacatire and \elloWorlel.e

\

ot oF Whida Vie the print €LY Cunckion (Whiua is defined inthe
stendurd C Libfmne.)

I\ we wtt Fp Staki g..,\\y aw. both P'Djrﬂms b Hhe srebic lise.a \-\\J\"ﬂf‘“,

e.g. 3::,:_ -skakiy -o t1 druncelor.c and

doc Tsvaxic —s hello hello World.c |

Yoen tne e.0.F.g creeted for can Progrem tL and helts , Would boths contain
binﬁr\j (ode 3n thetr Aot ane texr Seekiont Maatr defines e protCe) function.
(M8 t5 whek cesuttg in vhne e.0.£.s Lu‘nj 5o lacyze. Ta Auta sine be bhe linker copits

OV Aare Com-te stexic \ibracy )

- Bo-\— with O‘n\an&wﬁl. “t\unj ,¥ae DS Dn\n oftakes a srnju. Shareh mtmorj Skjmm‘

Mar raves vp o Fixed amovnt pe Space and iS vsed\ hn a r\mmnj Pmamm_
When i e J\jnamh_ \in\L\'r\j = Twe options: either 0¥ \oad=time : aka vpon Hae program Ldn:] \oaded, inte mcmorj‘,
step eerSoimed? Hais is tae poink where static linking is alwuys pecCormed,

or at Tua=-¥ime:. aka When ¥ae pmira\mlos % mdd\\' uu“,“.\!““_ instryctions in ™Memory .

T Bithner way Hass decision s handled avhimetically by bhe ke program-
CEnewmL few: How docsfne lioker Wwen uu\r\'\"r\z A(uoarqm,-\-hc Cirst Fime Wak an uaresolved Snm\av\ Le-3- « Gunckion) iy called,
(= < - - ?
pecoom &\Anumu. \\n\i-\na 4 Fre Vioeer wil -

b}
100 e (devant €.0.€. in e Shaced Bhrary inbs +he ‘Shaced libracy memncy Seqment W
i is not s\rco.o\\A Hrere |

2) .
Thea % pecforms e Symbol fesplution & celocation sheps needed For your pogram.

an

T IF He 2 Steps alove zamask be peeamed by Hne, linker, Hocn e pogram will terminete with

unres olvedh reference” \;,\gfﬂj estor.




Whak are an of twe steps bne

Lomputec Jvts -Hnmu:]h-\-o Lum?\\t

a Proqrmv\ w it o\amp\ig \'\n\b.'nj’l.

\Anal does ‘?qr\"\&\\y \inved' mean?

Wher st heppens durir\J Hhig

step?

(back 4o an sheps) —

STo ovttine we steps, lets vse an Lample Where we Stacy with the (-‘uuw:nj 3 programs:

T 0ddves. ¢ and MIMCe. Lt 2 programs Hmab define functions For veetor anibnmetic. Both of
Hrem else ontain funckions Fom the Shared Standard \‘Lr‘nrj (libe .50y
‘man2.ct R progqram Haok calt the deCincd fctimg in mvltvec and addvec .
L. Ookain e £.0.€. €or Hne main program by Nh(\\'l\J e Lompile & atsembly step commands:
au. =S ™Main2.c

au. “¢ Mmain.g

' Creare o shaced \ibrqrj Vsing #he gec -Shaced afqument ,as wenl as -» b

e our shhaced \“oﬁ\n‘ aname’

3(.,(, =shared -o lilbvetrorgo addvec.c MUIMVEC L

- LJI\VJAJ Step prodvces o puf\-ha\\y \inled ercevtable u\:ju.'\' Cile

= AW oF Hre Co.fis given in dhe Nnking step Lommand fe linked inko one o File (becavse
RECALL Phar the GioWing sed can tombine an .0 £, with @ \:\nmj a1 well g with
80w nmcr oF otner -0-€s. However, the Ii\ararj hag not yet been linked .

b)
The linker tooks e £.0.F. (4) (mainde o intais tromple) Symbol Yable For

vnceso\Wwed Symbols Yo celocote.
n Thea ) W% Einds $hese symbols inthe poovided $hared \ibracj s &),
Howtvie, Me regpective £.0.5.4 in e \'\\\rm'j Wove not yeb loeea lomded ints memory,
13} '\-\M—n dondy \‘c\- WNowe an address Mot dae linker necds Coc re\ocation.
T - Hais poiok | Hae inker has 1den®i®Ted the Iocakion of Hhe Sharcd \MMJ
indne Fite a&sk_m \&VEn Movgh e $.0F ek yet heen Ivaded N main temory.
T & .Aar?ns eatevtion, when a €-0.€. in bne \”oﬂur] ddes need 4o be \Daded inty
memory (inbne shared Likrary Nmemony maﬁs\'nj" Segment, 3pedi€icaly) jHne ket
- aTeady nows Tt eadk Locarion of Wnis r.0.C on Hne File ‘:\skm[
) LoMinj S-\-Le ' The toader will \oad Hae Pnf¥iu\\y aked <.0.F. (ereoded

In st 3) lave main Muv\\)rj.
- L.'\n\Ltnj pacr L Lok vunkime) ' WWile bhne PYam in Ve packially linted e.of.
s berng excrutbed
'j 3
1) #®lvwnen an saraolved symbol s idenviPred e Ve will Av\-m\«\aﬂu\\\y 9e
to dne Cile system and load Hae celevart €.0.€. (for that vares, Syribol) Haak i3 fa
¥re Shaced “\’""S.\ into Hhe Sharced \ibrqr3 mewiory s"lw* tfeaded L_‘) Hae OS
1) oAt e ro.6sKom ne, by e been added +ode sh. L. memory seqment, e titer

o.mm\\\’ does petform s‘”‘”‘ resolvhion and relvcation with +he runnin% PNQNM'-




\Whak dees symbo\ Cesolikion +
relocalinn Mean 0 Yo tontexy

of dynowic \inv.:u-&, 1

Wair se what enaurly Aveg Yhe

Par‘\-ia\,\\/ \inked e.0.C Lovr\—minr!

\Whax is Hne 3@:. command

4o pecfocm -\\'vmmic_ \‘\n\'-\‘n-a,r(

\\ ) A\TGM'LR“n \iaves ¢.0L s
\ake vp \ess 5+orAT. seme'.’

What does Hne “mgmuud-me\vpuk

rtaim" g ment: \oow \ilee 1

= RECALL: \n grakic \i(\k—ina ,59mbol Tes « reloe does Hm."—ol\owioa'-
Tereaves a ntw €ile ) Hne €.0.€. Haak containg Lw.e“-\-h(na in¥ag 0.4, T.0. ¢.
* Cor eadn uncesolved {\aw\bc\ in Mag symiteb )i\- o cetes e relevant instructions
% dara in e skatic libro.vn sond wetes e tonkents 0F Haoge speei®ic dest
and .data seckrions) inko s own co\uspoi\ifmh seckions.
T Cesv\rs . r-v\\\l ~\aved ¢.0.F.
= Wowever, in A“nmmk_ \in\z.\‘na , Yol CeLh fetoe ackually isnt RECoimed UnKil
cuakime Lalce /o 0ur) R Yhar Hao linker doex in Stee 338 wreote o festially
Vinked e.0.f. WAL\ Lontaing addresses in main wemory - of wheee 0 go o

fead |exeevke Yhe ingteyekions For cecy resolved syeool,

S Lauvn varceslued SyrMbol n e .s\dm\—a\n table hotds Hae location of the
shaced \i\oﬂuj on Yae Cile s“s\-&m yso Haat W cun be loaded inko thu:j

&\.‘v\amicu\\y a% (untime Laka step S) .

_)—nl\p Soan4 (ommqna we've been \ls;na,\_ ava 31,& -0 & > Rle.o

= o Yl ceal” acqument | dyammic ““u‘\:! i ackvally Yne defav\ option For
alh Pf\?ar»\m_s Hay Gt crearch \,3 e compilaMon .wlsiem.

= Nes! Lopov ak s evample of rvnm‘nj 14 U bn +he dame program a3 efore
“’3 30 excepr AGur dynamially l-'n\:.:na it

e prect eof is mveh,mwh MVEN Smallee
leacncti d qee O prest pl.c

=8 Ritgbutes V-S- BNy K‘lohaﬂ-ul’
W ? Hnis e.of is only PackTuly laked, 5o
wncestivel Syrleols in Mre &\QM\:D\WSCN\Q\\A
Wold Hne (0caXionof the shacea |

leacneti ® g -

Eurpur 3 “rw-r--ces Lroot reot (S fl.

oerr s ot e T g

= An taamele of Hhe eniRce (MM\)‘\J Mhﬂb\.l\“ o¢ He o\\anamicq\ly ki) dtest goft

\‘““5
onthe Cives Yorem ... Hhak locotion inCo

S vinat now kavey ve Fle Sroruge Spate.

4. r" de01000 r-xp 00:79 261833029

5 5 1000 r——p 00:79 261833029
2+~ 56488e001000-56488¢002000 rw-p 00001000 00:79 261833029
3.~ 56488e9d000-56488febeddd rw-p 00000000 00:00 O

/mnt/learncli/workdir/static/dtest
/mnt/learncli/workdir/static/dtest
/mnt/learncli/workdir/static/dtest
[heap]

7fb683e27000-7fb68400e000 r-xp 00000000 fe:01 264319 /1ib/x86_64-1inux-gnu/libc-2.27.s0
7fb68400e000-71b684202000 ———p 001e7000 fe:01 264319 Hne shaced /1ib/x86_64-1inux-gnu/1libc-2.27.s0 E
7fb68420e000-7b684212000 r-—p 001e7000 fe:01 264319 /1ib/x86_64-1inux-gnu/libc-2.27.s0
7tb684212000-7b684214000 Tw-p 001eb00d fe:01 264319 eravy- /1ib/x86_64-1inux-gnu/libc-2.27.s0
7fb684214000-7Tb684218000 Trw—p 00000000 00:00 O ML B

7fb684218000-7fb68423F000 r-xp 00000000 fe:01 264303 j /1ib/x86_64-1inux-gnu/1d-2.27.s0
7fb684433000-7b684435000 TW—-p 00000000 00:00 © (tuwv\*‘_

7fb68443f000-7fb684440000 r-—p 00027000 fe:01 264303
7fb684440000-7Tb684441000 TW-p 00028000 fe:01 264303
7fb684441000-7Tb684442000 TW-p 00000000 00:00 O

Y- 7ffce6e68000-7ffce6e89000 rw-p 00000000 00:00 ©

/1ib/x86_64-1inux-gnu/1d-2.27.s0 |G,
/1ib/x86_64-1inux-gnu/1d-2.27.s0

[stack]

1. .
Hne oo o6 ndddectiar Forthre fead- on\\/ dakra Memony scdmu\\

2. .
Fne rtm’uy_ oF nddretses Corthre read)ware datos N\"‘""“j 3r,dy\ﬂ_y\\

3 Be ronac o€ mAdetsser Fue thne 'ﬂ“f memory gcamf_“\

4. Hae ronge oF mddetsies Fucthe Shacle fempry scamu\\
5. The ¢tondard C,l'-larafj \oa&t.\ve ntro-He Shared l?\afunﬁ S?\jntﬂ\‘ ,whizh holds the celevant f.0.f.s

Whose Lunckions afe called in pl.c

L.
The \oader proaram Hsel€ | wuhicn needs 4o be in memocy In ocder 4o be dxewted Waen LomesHowe
o 4NAMICANy TecCocm Syrabel FeSolvHon © relocaton (aF cundime).



Heoader Files

Whak-is a Weader €ile?

\Where ace Pe im Qlomeat ations

of the Cunorons MCined tn e

Weadee Cive ?

How do v incdlvae o \neader Ci\e

e P(ijaw\q.

What Ao angled braceeks indicate?

What i Bre “deCavlt! get of

Nrecxories

What 4o T.w!-a\-ions indicake?

Whed- is e Point g(:havinj

Weader Files?

2 23rdiohd L\mm.lo,staa.p,“L;\-_vH\s.h" yveo..

DB O Neader Kl defines Cunarion provotypes | Constanks , and qlobal Vaciables
~ hemder Cotes dre very Sienilar ko Java interCates (RS 301D

7 The © code Tn your Sovrce File (o) whid, lisked He header File.

> The inary {nskrucrions in ivner

) Your Proaram‘; c.o.C, oc

)
B) o 0.8 Crom a stadic of &\'v\umh. Voracy.

- P\ \eoder BlL Lon ot indvded 1n a sovcte BV in L of 2 LifPectat ‘”“Y‘ :

* with oagled brackurc 9. Rincwvde cshdio.hd>

+ with qustations ,eq- ginadde “bik_vkite. "
= 47 bravkers bl Hne compiler to seardn For Hhe indicoked header File onthe Eile s'dsh"'
in a defav\k sex o€ Aireuvpnes .
™ The g of deluvly diceeraiies is Compiler=syshem gpeciie. In oue case, For e e defovls
Adiceckories ace . rook [usr llncq\ [incAvde
root{uge [-\—arrqb\- [inctode
cookfuer/innvde
TR inclvdc shetement with quotstion martes Yells dne wmpiler to inskead Seacch for the indicated
hewder fle on tne Kle system in o user - defined locakion. The headec File indtcated intne "
Soo\d urvally be o File pahy location of whcre the ampiler should lack.,
> Wean b a Bile-patlh whidh is relative boHne prograr source Files | Eor ax

Hicawvde Y fbik_ubls h” | whichis Hhe tameat Jusk Chikukis " sine U (o Afiakes

e, Cusrent diru:\-or\’ (ReenLy W"\‘ﬂa alul)
*Anvtner ex:  #inclvee V. [inewde]bik. vtils.h"
= Or, dcan ke « fully qualitied File-patn [scation Shacking akHae Cook Folder . For ea :
HineWde V[yse [local finclvde [bik_utils b
—711.“3 awomiced \,n e tomgpiler dun‘na Hhe Lompile step .
™ The compiler vses Hhe funckion prabsbypes defined inthe header file 1o verify har youe pgen
s S\:\(\'\-qa.\«'m\\sf Lotceck
™ Foc ex, When you use Sunctions From tibrares uhich ya haver't explicitly defined Y.,m\c, Vive
PAOKELY  then Whea You eompile Hae progran) Hhe compiler vies the fnction protobypc in
Stdion to Vtr'\c\’ ek you vied the Cuncrion Lbfru—\-\y —e.q., Numbec of Param o 3;,A~\-q
*\ﬂm of o 3\4"\4‘"\&. ehe.
= The (ompier is not tontectitd with Hae implementation of4he Funukion Sict's Bae vole

of e assembler anetfpr linker.



\'\&fd wace (,vmgnu\h " a s=2m%'t\a Sasbm

\Whet is non=volakile u\c.morj'!

WWex i suor\duj s{—o\—o.sx.?

Whax is EEProOW 1

\Whek s volakile Mwu)fn".

Whek is Hne Centra) ?rou,ssinj
Vaik1

ek ace ¥ne WacAwaore
omponents of 4 cpy 7

Whot does tne Lo Componinmt

o e CPV enadle i+ 4o do7?

d fype of Compitec memacy et can (ehain Stoced infy even afkec powicis femoved.
Ao, Loss of Power = no loss of data.
T>Thece ace 2 bypes o€ non-volatile mcmorn'- Scu;nAcmj S\'ormat ,and EEPROEM
2 The plate wbere your omputer’s file Syshem i located.
= e FS can be on cither 4 Hard LMAﬂm.HL) disle drive (HDB) or a Solid-Svae
Ak (SDD) |Lhidn is newer.
S The dise your computer has Lan eithher be interaal = it \ncal 4 your wmpwter —or
remote —ie. in Bae clovd .
- ‘L\u\—romu\\\/ SLrasalo\e ?\'Djﬂxmm-\-\c Read On\v M'«"br\j —or ROM For shoet.
* cead bn\\’ memory
" Bnis grorage space it kypically Vsed o shore Fiemware Hhat i proyammed ante ahead
of Rmne.
2 Where Loss of powee = loss oF Acka.
2 hacdware Lmponents WAidn have VOlakile Megmoey:
= [l.ca'\s-\-ws and cacne locared on tae Central ?mmsi:) Unit CCPv)
* Main mc\morj el s nol bnihe CPy
- P_o.%isl-v..rs, (ac\ie | and main Mtvv\o"j are Wt fypes of  RAM (random attess Mzmorj)
ok hove  read —wekk capabilities .
= Lonsidered e “brain 3 the tompulec” and 14 W Most impockant protessor fa & a(vm
Compuiec
- P\masi ux\\x, LIS o tomplex et ofF elecknic urc\u-\-rj
= Aritamer e ans Lo ua (ALLY
- LWWion are volakile M‘-M"na 1)
2 o Contro\ Vet ( b Non- volakile hemony.
- U’"‘S" and  SAM, volakile )
7 lapor[Dokpor  ('10)  rapabilibes
- T'imms tapabilivies \
2 Rllows it ko cead or wirite dedw baro Hie BUS jLohion Wea allews Hhe CPU
to n\;\rwmau Memvan - (eva rted [wate) wita:
* The Man Memoay LAM)
* The Secondlony &ijt. (Mk-ﬁ be an HDD o SDD)
" e Graghics cacd

" e Nexwoce inkerSare tacd

* Other PLIphErelS on 4 computer Sudn at Mice,Keyboard, eke.



Whet is Mre Conteol Va7

What is Hae BUS T

et ace tme Limifakions of e
&s1

-+ Mso lIknswn as the ' Condoliee!
= Eaon lhacdware “"""PW"-"‘\' hat &< bun @rtolier (even the CPO jas we saw)
i S\:L:,‘\Ckga\\nl’ﬂl\e. &P«M' Scwno\mb 5-\—0\'0\1& SSD/HBD | and Graghics Card
all \eve ontpller Lomgoneals Whivn allow Hiem ¥o LOmmunitate with dhe
CRV wad send|recive [exconae dava
~ Facilivekes Yue exchange of dota berween al\ omponents in Hie wmw\-;nj ;ykm
(CPY, RAM, DS, akeld
2 Pausically | irs just a Ser of copper wires
* SPcc_iCic«\\j Jhe R of coppec wires = Fhe bik sive of the BUS = dne bib size of
Hhe tompoter s\ls\-cw\.
“e-q, on e 2Lk Syskem Hhe BUS W Lomprised of 32 Lopper wires,
- On\‘j one omponent tan Write data oo the BDS at o Hme.

‘Ronever, al\ me‘sww-v\\-s can reed J\ah From the BUS ak qnn O'lw.l\ Hme.,

~ Secondocy Stocade —
- N

Whak is an HBD 7

Aok ace e odeoClr Yo uainj

on VDD ?

et i gn SO 7

~ "Hard Drive Digk"” ;One Hype of se;md.m;\j S*DT""%" Seen in Computer Sb\‘:'\‘ﬂmi.
= %':\s-'w’“‘ﬁ;“' is on t\eckromagneric disie Whith has “Yraows” with sedhers,
where data is stored.
*To cead oc weite dova in Mok Sezbor, the Aisk spint ks Wne setvor & moves an

“qd—ue*ins aten” o0 bop oF (k. 2\eckomagnetic Am  Spindie
Aiswe
S Orawback: WBDDg are Gn older $'\'brf—':\-b -

Platters

Actuator

\1(.\/\(\0\0%13 Hak isn' b oy eCCictent as SODs

ol - scsi
*less o6 eent = s\vwer, \urau-, congume More “"""33’“"' connector

and memory!)
* Theu ace vo lon onvEackuted ¥ will evertvall
3 I )

be Ceplaced by Sy

™ Benesrt: very Cheap , only Losts 1 one-tivndreddn of a penny Cove, $0.00001) For
1l 68 ¢ sterage (Lopod 68 per dollar)
= Solid- Skate S'\'Groﬁb ) ¥ne other dype oF secondary storage
= Much qewee (and Waecefoce Boster, smaller, more enerqy-efCicient)
T TATS s Hhe type 0F setondom stecuoe used ‘"j \ephrops  Feblets sMackghones jete.
- ﬂn\jgiu.\\j ,+bw\j are made 0F o Elasw, k—t—\nno\oan mcmorj deviee Bnak lookg
like Hais @ | These devices ace nonvolaile

Muﬂbrﬂ

— Ualike BB SSDs aren’t magneric % don't have (An\3 tnoving or spihf\ihj pacts.



Mow dors 6n SO work T |3k as % mojor components :
2 A contpller wmponent Ve Lo communitott Wit bbner devicet Via e BUS
LA Flasw Taansttios Lonpe CFUTYHnat geiforms read woate ond erase Opecations
% N Clasn \V\ew\bna/ ok Ty orsm‘r\u\ veinec Wbe=s andd £o9es -
* One Bloce; can hstd yo bo 122 Rages .
* Dne page ©up to S\ \cz\o\,ﬂlﬂ i~ Site.
- Maf\\u: Gemitation & SSD me.mona,: When doke, 13 wAkeatd a ‘;qjq, JPhe entice loce
sy Ciest e exoged.

Bagic Desian of an SSD
\J

Flash Translation Layer (FTL)

i Controller Algo. sequence of read, write, and erase ops
Flash memory t

Block 0 Block B-1

“ Page 0 ]Page1 ‘ -~~|PageP-1|‘ “ Page 0 [Page1 ‘ -~~|PageP-1|‘

ow dces Hne PV recd

ok o Stored in o n SSD'?




Memorw Hierar day
-~ -

What are Mae 4 \'\’\xs of 1. (cev) hs\sh“
m&mur\3 vsek in & LD\"\QUHI\J 2 Cetne
S\sshm'z_ o. L1 Cate (smam)

b, L2 cache (SeAM)
¢ LD cache  (SRawm)
> Main M'-W'\M'j (DRAM)
4 Su.ona.u\j S-\-orana
- Local rendey s—\—bqu, (\ocot Alisks)
b. lLevnole setonday woage Leg,Web secvers)
Whed ic Mae memecy hic.r-\rohj'{ - The Ord,_._{.fmnb;ﬂj of cach, type of memory , with reJaro\s to Speed Sine,
Gk Lost,
= Top o€ +he Ricracdny © CPU registess
P stallest Foskest, and most expensive
= Bottom oF Hne Wieracdny @ Remote secondacy stocamae
! ‘acﬂcs\-_‘slomsh leask Lxpensive
What are "S2AaM" and > The 2 hﬁpcs of random aceess e ory vsed in & OMPHING syskem
“veam ? = SRAM (Skaric LMD :

: dcsianbd \)sinj “‘) Flip -Flop” hL\nno\Dj\j (\earn mixe in (OMP 31)

* inclWdes e vegisters and LVLZ LY (udhe memory tomponernts
Y

= ORAM (Dynamic R AM) !

* designed ust 9 Teansistor \'tdnmloj.j (owme 31)

* includes e Main mumnra




Main Memory Badcuasing

WWhweat (& meia Mt.mbf:j?

How is v LMD i o gnmpr\iln

535’«4« oraom'\-wd ?

What is o f\mss‘\u.\ addruss 1

How mven main mumony Lisks

o~ o t.omPo\-b("_

\N\l\o\\- s A

“weed”  in

tomputer acemitecrore T

Wher is dne \znaﬂf\ (s>
o€a wordl

ek are He comppnents o

~ DL-bit acchitecrue like 7

- The Pricnany | Cvnatament el storume sfau&r data in devices
S wea Mae d“i\“""“" EAM (fandom ocress mambna,)
= volatile pnewmoe 4 (ere logg of power = loss of data)
S RELALL Hhe notes From M Poiaters”
- nemony s feally Josta Sequense of bn-\-os (1 byke= B 6ivs ) wnere
el by ke s qiven an addrens.
- E,a eh\ssil-k\ (or "real") addrecs locations
* This is Aistiner Fom Vickal addeess locations ) Rowever dnere, s arv.\qh'b'\ihi?
bermern e 2 Hhay is menuacd hn your Opu-aﬁn:] s':\skm.
> A phns'\u\ address |peatidn '\Slti(,&inul"o\\‘ o binacy number of kma.\-h

* For ex, (€ N=H ¥aen WD (,0005,0001 , cxe. are all Memory 0ddress locations

on Hhot fackicolar os.
= One physicad addeens locekion can trore L byte (3 bits )

* aka, 1 alddess speciCies e \ocation of uq«.\-\a 1 byte of date.

- ¢ epraents tne “numbee of hysical address Lits” fFor an 0.5, Ve +he ok

# of vaigqre 9“35'\«_0.\ mumnnj addcess Weations © Z_n
* Foc tx)‘\P N = H , Hece ot & moximosn of Z.u=l_b vnigue combinations
of numkxcs (Lo 0000 ,000(, eke. up Fo WN1)
- I“%\gs e dorar amoval of Mmain ~emory =
TIE 0= Yhere are (b bytes of main memory, .
= A oniv oF dakaof o defined bit Aenaftn, ysed|loy [ packitlar (oeapoing suskm.
© Basi Lely o grooe oF AIS\\-g Fnek ace treoded as o ynit l,a a computer,
2 The defined oiv \ma-\-l/\ of & WO e farsdotne Fixed - size number o€ birs Hhal
'S S'ch tompuierts eV can ‘(\M&\b[ process in one 30.
> wocds & Word sive \s Hne ey Yot main Temorye is al\'anu\ \

= W depends on Mg Uno\u'bninj UOMP\r\inJ arenitecture of o Lomputec:
* B2-pik accniverure 1 word = 4 bykes (ko 32 \,:»sfa:axvs)

N = Bir acewmitecyure 1 word = B 5«6\!& Lova bH h‘.\—;[:xia‘.h)

2 Hae aravitedture of a compoter Sﬂskm delermines Several eacadesistics of b mmpm&sa
'\r\c.\\/d_ing :
s e L will have B2-bik weqistess (Prod canhold dara & instrockions)
s Hne 32-Lik BYS W have 37 Loppecwices
" Yae Main tmewocy will hawe physical addiesiee Hoa¥ are 32 bivs (digits) \ot\j !

% W e aligred withh H-\=\3+'. words.



How ¢ P\I\SsiLu\ memorj
o.\ianu) \).sihea, wWords

G dL-lbiv setem 7

oW dv we now Hae Srack

oddcess of a word T

Whet tan be shored in 1 word

(on o H2-biv ',\ls\—uv\) 1

Werx oboor 2. wwords T

Yo do we cead/weite daro ¥rok

16 gwollee Maan & WOrA Lq \nn\ca”

What is mew\nrj 'Mis-a\ianmm\'!

> Basically , 6\ phnﬁLo\ mem addregs \ocalions are grvped ok Junkss of 4

G3Acesses E00n yund fhe LMpuTLr Betesser memony (in ordac to do acvions) by these dunks!
= Siace 1 P\'“ﬂ"‘ «d. stoces 153\-:. of data and 1 \oord\=L‘LnRSJ*‘“=-“ 4

P\"js' add. locations are Neded to $+Ore dne wWord .
= Goes Sequentt atly fom Mne Tirsh rtmory addresc . Le., addiesses 0,1 2,3 wil

Sxore one word . AdMsces | 56,1 stare eanotner wocd .
® RECALL MreXx addrusses are gimilad F0 an ocra\a data thvclure | -W\c\a stect at Q

anek end av (¥ ofy\bcakivas ave 27 ) -1 .

= RRCALL iwe ocens o piete oF dava Viathe pointer bo itx  shatk addsess
= \C memora is Q\aaw_d in WOord'S | fihen the Stark p\mss\ux\ address of a Word in
W'“""j is &\V*‘Qs o wvlkgle o€ H.
‘e Me Ficskwoacd (addk OL% 2) 15 shored ataddess O

* T nexk words oxe shoced ob addrss 4,210, and 40 on.

Date Hpe Gmoval stored in 1 WOrd
t\hac vp +o 4

S\hory Vp o 2

oY

oo

= 1 \OV\J or 1 dovlle can be Skoced in(a minimom of) 2 words.

_‘Lj- ,@ Choc (1 byte) or a shork (2 \-:,k.s\

> fven Wovgn physical memory is aligned in words, We. con S readwrite o ede Haak
e ¢ aword by o.ou_ss'ma, s spedific addioees,

- \A\A\t'! Wma\n-\-hc hardwoace u(,\nhj s\as\-ow\ ,which spplict bitwise opecations
Lhke Lik sWEE and ik mask) on ‘words' in order bs istlake Hne Shoet or Chor
dota valses.

= Wwen o prograw heies bo read [wale doto. to a (Ltactd mem. addiess Hhotr iSOt o mylkiple
o€ bPne wiocA gie,

"This can cavte escors becavse He deata plaed ahlnar addeess Lahida ic part of aword
oot ot e Bicst addressin iF) will pactioly span across 2 wocds Lmﬂm‘“l s a
H-byte piete of data)

- Proarm Hnal avtempt bo readfurite doka +s 6 non-word —aligned mem. addfess TeSV

in Hae tompoter ?f\trh“f\j 6 BUS ercor and Yaminaking the oy -




Poria 9 i a\\ \QW‘. - '- s‘l‘) we wont Yo read e \WORS av enusicol address OxAODOOOIO in main tem ,

\w do te CPU BUS and 00l Ben Stoce ktaa CPU roS\s\-::_

| ' o aw
WG (0RMOM \wock ¥ T [ > W N vivaire hne tompries wilhs ¥aic J\‘\nacﬂm‘.

(ra DL 5‘-35\4.1\:\3 = SPs . M Clock
@ R 32-w Phﬁs‘“"\ Q“fbslexAQOOUD\O, 13 @
stored in a CRY fes-‘s\,w

S )|  controller
\|

data

SSD
Controller
data

Graphics Card

1/0 BUS

Cache

* e Koo Pnok s plysteal address is

oliqred cofteekly ble ik isa mulkiple o e [ convoter |
data | GPUs
WORN e 1 (Dnfmomioe 2 684 364 5T \ 4 EIE

1T oo weike dhe 320 address stored on Hhe regitiee onto the &s.
° \Nnj? Do Mnal Hre BOS wan send Wnig inCo 4o Hre tnein memory.

P The sine o6 e BOS mosk be 32 Liks Bl phnorwise, Molripie BUS bperationg
WOuMd need 19 e pucformed ,aWWion would ceduce time efficiency.

@ a] The main emory (RAMYs controller reads the S2-biv shysical address
bhat is 0 Hhne RUS.

5] The conteroller Hren qoes ko ANL Specitied Phyc. addresg in RAM and Ceads Hhe WORD
valve Hhat is stored -\'\Mrt.,
* Nove vt while dne qomber (ova 2.,68K,354,570) depitts a memory

AAARSS tre nomber Cava BIHLR) reprusents the ackual inveqer

velve \)t'\n:) svored oF the speciCied addcess.

€] The oatroler weites onto the BWS.
Yy

7 The LV reads Hae 32-kik volwe ( ) €men e BUS U \weikes it o

o PV ro_\as'\s,\—c_r.
Kt& \—A\'—wlwu\j Lrom Wit > The sine Gee

e*o\m?\c’!

. N o€ \oiks) of

e CRY register, * e Computec s\&s\»em‘s RBOS| and

- A prvsial memony addrss

Ace a\\ Hne same ! Spcci@ic.a\\n ,eath of Yhem s Pre sive of o WORD.




Cocne Membry and Principles of Locality

What iy cacvwe ﬂ\bmor\\jq_

\N‘mﬁ \S cacne mtmbrj

fastec Phan main mcmm—j'(

What ace bLocKS?

How isa bloce plated inte

Lo mcmnrﬁq.

How is a bloew Written +d

main Loy (Seomine cacne) T

= A small amount 5L Skaric RAM LSRAM) Haat is g\u{-omq\.ua\\j
mM\Atln.d \0\3 Nacdware and  acrs as a “Pasy S‘\'brc\df_ RufFer” in a
comeotec’s COV.
- ?\,\35-. cally \ocoted on Pae PU Lunlike main mzmnrs) — See (k'\a\x"am
on pa-‘%S !
> read |wiite operations can be peracmed Much fasker beeause He CPU contenller
doesnt need to a4~ Parough fhe BUS ko 204 [rective data (whidnitdoes
Wit main memocyd
S faone memdey caa Wold [store copies b€ Cru(uem-\s atiested, b\oevs foom
main m(_morj .
* maves ik fuster ble ocks pf data dont need v be braasfecred dp the CPU
Lfom cnain mem.) ovee the BOS.
> Lqued - sized Onvnks of data thar main mempry (RAM) is packiioned iate.
. bqs'\cc\\\\s,m\‘b\DcY.“ = O Con\indus qrovp F daka that has a Fixed sive

= Not o ehusical Parhition ) & blocy is actvally a Lon-\—}ﬂo ous fangt of

p\l\\:‘s\cm\ addcess loCakions.
4 1€ Y \olee isnd al\ready in cathe memdey, Hie CPV initiakes a bloek

read OPQ("\\"\OC\ ‘0\3 w‘.&inj PMe Stock address ofthe desired block 4o
Phe AM.

- e RAM nto\llec Pu'\'s a LDPﬁ of the fEGl\)e_s-\-e.cl Llock. s the ROS.

e The PV contrller (eads Yine BUS and pots o Lo"tj ofthe block intd cache mem.

BUS

AN

3 CP) cormidller pudg o Loy 0f4he BABLY in tawhe dnkothe S

L RAM (ontolicr reads W BIock Hnat's on B, BUS ,acd replaces the
exiskion black in main mem. Witk Hais CopyY.

* The u\s-h'n3 da¥a in Yne wain mem. blocke gcrs Dmpletely writren over




- R\ock factivioning i Main Memory —
> )

How & Main m:,Morj

‘pur\—'\\-(unr.d iovo bloew s !

What ace Bivek shCeer bis?
()

Whek ace Hhe ‘Hﬁ bivs 7

Row do We Rapw the # oF bloae

ofeser Lits Cor a given S35M1

How 3o we Kaow yne Yokar B of

blocks in a sxss-\-cn‘s mcmorﬂ’(

= Leks use a aimple example oF o main mesndey whece a e\mss'\m\ adAfess ig
Aefined 0s'm3 an=Y \biks.
* RELALL: il eaon addess is digits 1onq ; Hhen Haere ace 2= Lo ok
?bss'|\ol<_ addoesc locorions. And sinte ead\h address stoces - Ba'k, of dova
We oow tha) Ahig eatire main T"\l—mbrus sishm has ua_hag of s\_b,.osb\_
L tnis cxample, loks also asseme that o block sine is 4 bytes.
2 The bit digiks in o memory address whid ideakify eaeh
sReCic byte ina biocw .
= T dnis U-bik address example the bloce offget bits ace
e lask 2 Aiqivs of an address ) These 2 digite ace vaique

Sor every addcess in o B0k ,Foc ex

= The birs thet ace common +o eath ad&cess in & block.

G.¥%.a. a4\l Hne bits which afen'® bivek of€ser bivs , Borext

2% bbased on the block sivpe .

( EX: block sire is So > ofeset bits )

)uw.«_ = e \eno\-\l\ (% of by Aiac\-s) of a phasiux\ oddress

(E’\"- addcresses are Y

Yotal i
Gits long | so bloces in m\-.murj )

- Codne Mapping: Block Placement Algorithms —

Mokivakion?

Whar ace Bre 3 cane mnﬂﬁnj

o\ qoritiamg T

= The porpose oF cache eemtey X0 shece copies of bivces of data fom dhe
AN MEMOTY  $o Wnock +\%3 coan be E:c-cioi!.n'\'\j atlecsed bj ¥ne CPU to be read
Weitken ¥D ... Paese q\ﬂoﬁ\-‘nw\s Aekcfibe metnods of pv‘H—\'nj Is-\-odnJ bisck. deta

in Hne caone Mooy,
1. Fo\\\ﬁ Assbciakive

L. Diceer Move'\nj

3. Qex Kssociahive

- Fulwwy Associative Maorithm —

Whot ace the k.e\j tonzepts o€
Hne F\’“\ﬁ A¢gociarive Gaone-

megping a\qoeinm <

= Block dadn can . plaed M\sw\r\u‘e. ina c—u\\\ﬁ-assor_ig\—'\n tache,
= A wones ace o £lexible bloce S-\-oraﬂt S‘\ﬂ\\tﬂj

=~ =
When usinj FA cachie ik 1s expensive +o evicr and felate o Block— a \lvex.

reglatemuny” o.\sor'\-\—\nm Was o ke implemented..




How dees the Ful\‘ﬁ fssdeiative

B\qorithen WO 1

How dots Hae cacdne m.\-va\\\j

\ook. 1

WY ieformaXion does Yne

Yolle waxainl

Wher 15 Mne walid bik 7

Whak is que Gicsk ogerakion

(Por +\we ex atple ) ?

Whet skeps docs e FA
AN 30\"'\\-\4\«\ P '\-\I\CDUSA ‘o do
Anis

= Let's look ok Wow EN perEoims TEAd opecations (reading dara Som Lathe).
S Leds use aa exatnple Mmain mmor\j S“‘kﬂ ke Hre one Brom Hae prev. Fﬂb‘

where iz Y gnd Wie s U B@uj Rddress  Deva (Ox)
° Lo o> AL
{-.\3 bivs @ lefrmost 2 bixs e.q [OO)o o "
‘ i A3
ofCsel iks: riqurmont L Liks g oolin] gg:? -
o1 bd !
= 3-line Cactwe a,ulan : The catne hat 6 Yable with | 91 Ol ha
Oy p B3
3 \ines that can be Filled with 5"“"\‘3!. 1080 Cor 4 lelock D1y o4
1900 e
Lo main oMoy . 101 Y
1010 s
Bloce. afFset (o) Vol X
100 i
o2
lioe ovati® tuq(td |00 (02 (10 [21 ot >
0 0 w0, oy

(——\
1 0 Ooc inival Favle §or

2 9 Pe example operatian

2 \adicates wWhedner a cudne line is “iavalid" e.g., i€ Mhe Wloek daty in et
Vine e be evicked B ceplaced it anothes Wlock.
* valid biv = D ndicares “invelid"
= The valid iy lac.inj O a\so indicakes wheMaer a Vine In Wae Cetne s q:m]mf\j;
YMnav's Ly the valid WY o eathh line is Iniviolly loy dcfaviy sex &o O.
> A \vad data instruerion being performed La‘\‘\/\c CPY, Wiece it wanks by
Pk the dota werenty in addeess Olll Gin mcin mem.) ints CPV (‘tax‘s\-u‘$?.
* We wilt vse Hae FA alq. ¥o ficsk \vad Wnis duva inks cathne tnemory , Bromwhith
e CPU can tead 3k
3 Searones tne \-«.ﬂux Bk Cield of eath Line in e tuble bo See i€ Wis bloex
Lowa viocw 01) is G\rcm\.\s 0 LAaONR.

We not Lunion iy called ¥ cactne miss” )

& Plates a cop\s ofF Yne $peeitic block into _gﬂs_ open \line in the Cathe (aka
any lnewhere Hae valid ik 1s D). To place +Hne block in Hne tudle

* ek e valid bt g A

TSer At tegq Libs bo Hhose oF Mne speci®ic block Cin Hhis cage, O1)

* Vadec eath offset ik skocc (4 Lopy of ) Hne data valve ot 4ne cnrrt.semdinj

addcess in Main mc_murj Bloc. ofCset (o)
3.
Puts dne requested ba\«. (eq. lioe  wvalid  twq(td | 00| 0120 |21
0147 oka U inko e RV 0 1 01 |& 82|83 |8y
R (233 | 1| o

2 Q




\’\)\’\f‘\\' '3 Qur second D?@"*\"m
L PN
Wh\aeay Will be r.\asr'\\-\lm\

do wnece ?
\Whak is eoc Haied opecetion?

Whar will te ﬂ\libﬁ‘\'\l\m

do \heece?

Mow does ¥e FA “\3 decide

which atne \ine +o evicx?

= \vad dale InsYrdkion” put date ab addgess in rej\s\cr

L The ©A searones Ye Yaqs in e doble foc ana finds it and tees ther
Wis valid L 2) — - aka & Cache Wik
* bloce is t.\re_o.d.\ﬁ in Calhne , dont Need 4o LoP\j{:n:M main tem.

3. Puredne rc:tue.s-\-co\ b%\—t, (e-a. b) |

i ') inko Yne (@3] (’gj{s-\q L

> Lers assome Mavx otp  all Hne lines in Cache ace \a—ir\j veed ((velid=1)
= (PU Lbad dera inshruckion’ por data ot in register
L. Searon -\mls Eoc ~7 Cacwe miss
S e BA Mnena sees Mack Pe tatnmeis Eull U No voom to Copy in bloce
S Now, bae FA a\aoa\-\nn raugt id.e.n\-‘.cj (0N ex‘\s\-‘\nj Kae of caclhe o eviekr (V.e.
iovalidate ) in order fo taen replace b with Hhe Block dara From the rr_alvu-\-cd
‘ﬂ\a.
= \)Sinj an FA replaie ment A\jof'\'\-\r\m . There ace 3 4ypes of replatement A\lsi
1. Leask Recorty Ysed LRV replacey Hae Vine whith hee qone
vaoaurssed foc the grealest peciod of dime
* Favors Mae wmast rr.u.nt-\s/ atlessed data
Ficst in ,Fiesy Do (FIFED) & replazes the Oldest \ine in Pe cathe |
feaard.\:,ss o€ W\etner g ftu-.v\%-\j had o wche Wit

* AMso cene \,ws-\-'Kc.ux\-\-\j Replaied " C LR®)

e RKondom * ceplaces Some line ok fandom

—Dicect Mapping Rlaoritm -

What ace the k.c\j tonzeprs oF

the Diceey Ma??‘m\.j Ladne-
ma??in-\ a\s‘bﬁ\‘\l\m ?

How does Hre Direct

N\“??i“j o\ aoeitm workT

= The \ine bits delermine ¥ne erack 1ocatrion of e bolock dado in cache —
can't 'Ju;‘\— e ”“3 open line ik wibh the FR r.\jbr'lunrl\.

= DM acves ace @ f-uir\\j r_\g\i Shorage Shewreqy Ldwe Yo Pne Nine cestricrions) i
™Mav cesulk in a\ok o cache misses.

2 Moo gimpler ko evith & feplace alolock. (dvets line reskdckions) — ne block
replate ment a\:‘bﬁ\-\:\m is needed.

= Led's look et \iow! DM ‘pexEorms fead operations (reading dara Som tathe) b

Using the s\s:\v:\:; main momory euample From the FA noles.
= DM 240 vses ﬂALo:)\L Yabie. However tvis o L=\Vine cache du‘ﬂf\ (instend of 3 \ines).
S VnaVike EA ™M @ WenkiCies line k¢ From eaun memory address, as well as \—qj
G ofCser bLitvs.

*tag bis T lefrmosk bt e.g.

P line bits "4 (efbmosy bik e .q.

* ofCser bitbe: righimost 2 bivs,eq.




\Whek 18 our Ficsk operalion

L )7

What 5\1(:5 does the

DM al nsw'\-\-\,\m Yavel

Whar does Hye S a\g Ao when

[N ﬁ-.c(uts\-u\ oloek is r.\rmal\_/)

N catne "

WWeak it bor Serond "Pr“*]bhq'

2 The dwo-line tacne design

Bloce offset (o)
table Gnatkally cmpty) line ovatidy tuqCtd | 00|01 [1b [21
0 0
1 0
= CPV Load datra instiutrion : put daka Som addeess W registes
:mg\::\‘rr s L

lne oir
A
Goes Yotve \ine in taone deCined b3 Mne line bk & checks Whotner e
reqrated bivck. iy a\f‘c.hcl\l) N Lauine T ake  thecs the Je-al \ei"-u-\\-r'j Coe
Mok \iee (1D
* e ek the blow 't in tate— Cacvie miss.

" Quve o OPy of the block (from main M(,mprj.) e the cache line dedecmined
by Me line bik. Vpdekes Fne valid % +a3 b+ Cieclds.
‘A Lofy of blowe

added o cadhe at line
line valid {-aios) b0 |01[1o |11
0 0

2 1 0 Bl |82 |®3 |8y

- Puts e (‘c:tvu.\—ui b“\«_c oa ) invo rgals\-er (23),

> (aka,wren tiece 16 a cache Wi+ Y. ik Aves Phe same %:03 ws ©f A\j‘. See

"second vpernkion” example on previovs Paqe-

= CPU Ldad date insbrction’ Pu¥ dara af adderess

in r::]is-\-r

> Gots to line ar Une Lil (1) %o theske Bor fequested Mok raq L) D cache mics

*Line 1 is 2orrenty ocevpied, (see Girst operativn)
2

Svmw\orn P QWhak ishne idea -

bead e mmofﬂ?

T Evicks Mne block o Mot line & veplaces it with Hoe fequesied block.

Keep dota thar i ysed 0f¥en In aimul),fask SRAM | Hhe cache.
aURSS ‘:\’Lo\\m-\o\\j

o a\a«o\\a oatne CPU ¢v s Cast.

> keep o\l Aok« ina bigger vt slowee ORAM:. ¥he Main M"’“’"ﬂ'

O LRSS f’ofb\j

© ROS deunsfers behween <PV and RAM are $10wern

- The Direwr Mh.ff"hj and F'u\\7 Assodiative ceelne -Ma,P?;fj algoatms

g\ep\v‘\ sgu;\(:\‘w\\\l o cache Cead operctions (g nu.d\'n:]k, reod\

oo t.\ru.dﬁ i Meaia mem. fadd iy Fo Loche) .. not Necessanty

wWakre ogerations.



= Caone Read (Wate Dperakiong —

e e How ace cacne

fead oppeations pecformed !

WWak 6 a casve wake

opu'a\—'\ot\".

What (4 Bwe wri\-t.—-\-\nrous\'\

P°\“"| 1

Whak is Hhe wake-bacle

eo\il.\l"_

- \)S’\ns ore of 2 a\qorivmy (FA or BDMY | 4re Cache Tesponds bo the CPU Lantmiler s

ra\ue.s\— Soe & b‘\'&*‘ of daka Lot a gpedbic Mmooy address ) Haal i+ woold ke o
\oad ioto « na'\s\-u- bj'—

© re_e\c).inﬁ alolock o Aara From maia mem. ¥ plm.\’na & into the Lachie

= The LPU Contolier Bicn reads the specific bype Fom cacne & plates it in Vne register.
= Mok Cache opecations are cead operckisns LV 30 1.)

= When e, CPY wants tovdre Aavra M o OPU (eﬂi;\u to a p\'\ask«\ «dA eSS in Mainmem.
> To Ao tais | bae CPU uses tae f-u\\\, assdeiative (FAY cacne design.

- Lkss»mina‘\'\m. Aesired desk. address iy a\mAj inHe Cadat memecy , as well as its

toccesponding bloek ) | the tac U Llowr offter birs are vied to idenkily bne
e ine s Latne Baak holds the blooe.
T The CPU wonkroller Hatn writes e data Srored in Hae specific \'tais"d‘ s ¥o Hae

desk. addresses Bne ta catvme Memory aka, e CPU Wntes ace Cathned

S Afer i step » one o€ 2 policies 18 vsed ko Lompletre Hne opecationt
*\Ndvre — +\nﬂ>u3\r\ policy

T Wedke -back policy

= The envice Block, (Har contauint the mem. add. W/ Hwe vpclatred davra) ig

Tonme Al a.\-e.\\a Wartea Yo wmain memor

c ey Hhe o\ blode in Mmain mem. g Ceplaced w[-\-mo?a.qh-a\ one Terived\
-Crbrv\ cathe.

- DRAWBACK upd\u.\fh\a masa Mu"\ons ey ¥ime Yhut dakra is waktten Yo the
cave 1y o c.os’c\\l ofecation,

* The GPU s skaled o.vt_rn tine main - vem w'i\-?nj s ‘odhj abvne

Redvees GPU QerCormmance ble of all ¥ Hime il spends woc\\-:n:a, |skanad.
S BENEEIT . When wAte- Hnrws\n I3 used, the main mm\mn o\w mqs holds Hae
MM OSY vpAoked daka.
> The felevant blowk in the wache (W ¥he vpdaked davae) i Dh\j Weiten

0 maia Memdy Whea nar catve line has bo be evicved & replateat b3 a

new Bloce (Cromn ting Usvan EA ergoritam's E.Viu\—‘mj | date rf_kd.r,\:) proceess )
> DRANE KT Py o qiven point, Hie blocw i tatvie may be ditferent o Yhe

block in maaia momony ) e matn mom. may boome “stale” Laelding old
Aera valges),

- RENETIT T‘e«-\'\\’ inproves CPU peormanie becavse evicirion Opefations

Gte MuUa less 9"?-1\10:\\-.



Bute, Shorts. & Words in Cathe

RECALL. Whar is o word, 1

“\“3 Aoes the CPU send
daka in anch OVF og Main

RESULE in entire Oloees ?

LGLALL . WWhak is ¥ne siae of

« olog\c 7

S B ovanw Y date R« defined i lu\%'H/\ [.4-3- Mﬁ on a 32-bit S\iskm\,

> RECALL . Sincc o o A2-bi S“S\‘P—M‘ 1 P\'“ﬂs add. stoces 'L!na\ne, °oF
Aata ond 1 \QQFQ:HLURSJH\E!\ y P"“:}S add. (ocotions ace Meded Lo

store one word.

- Les oppoxea 'O {ust the sh\aw addresc h&\-e_ et needstn be Tead |updated ).

S % 3«1_9&\7 improves s\ash-,r\n Fxcarmnm.c.

= The sss\-:.va wovld ke %rux\-\y vadervtilined i€ Sm"'_l"sﬁ = of basi ml\r
M:\-V\h\; 1ees Pan MeWord &iae — were teangfemeyd bebwean main &

Cotwe momora .

° This 18 Wy WOCA alignment in main MeMm. 14 o impoctant \
3 J ¢

A1 oc more words.

Principls of Locality
T

QeAPrED>




Review foc Lab b: Heaps
What is o heap

= n pm\-{o\\j ordeced dare Stveture”
> K heap it & Complete binacy tree Where

* Mox neae: Tlhe elewent valve 6F eachh pactnt node s arca-\-cr +hen

o equal ‘Yo the Ulemnt valves ug its anildren

* Minneap: Vealve I 6L Partnt noeke iy \ess than oc &qvc\l Ls Hae

Liomens- valves 9 (ke LA en.
Nner s o omplere \oinana,

> Kicee iy Weight W LWhere A Lingdtur parent node 10Ul be el )lo
Acee 7 basicalty W= te # 8B \ayees) s Lowmplete i€
‘Levels © tweovgun hol are Culhl secupicd (e.g every pareek
NOAcWaue en AL\-\.\i 2 o\/\'\\&_ﬂ.n)
Thece oare vio Aeps ko bwe \elf¥ of & Node in Hac [owes kb leve) wavel

N e \owrs) level nodes must be Gilleek in L —Fo— &

- Lompure Bineny Trees:

AR AT

- D complare Binacy Trees 7 indicetey mi ssfng node(s) ) :

‘\D/w\;{

How are \gimr\a trees stoced |~ Brsan f‘rﬂga Where Mne dlements (aY cac\ node) arc Stored in +he ordec
i~ o Pfo:)f‘a\m"[

vigiked. SpeciCy callye @

" Top~Vvo - Lotrem

y Lefk- 4o —vigut
Examete of stodng a BT }Q TNV U
[XY o\narrt\\a,?_ @ @ B — |L(ol\ll’$1\4 ll%(7_3|

ad) aC) af2] o) 4] acsa
& o &

How tan we calwiake He acray.

= Given an accuy 0% o) \"-fﬂ-sc.r\h'na, o BT  dae root node is a (0]
inder 6€ nodes in RAGkTOA ko > iven node X = & CLI )
cacwn oter 7

* The VeCE caild of x 1 ot index pasition (2*¥v) v 1
* The riguk cnild of x ig Wb index pasivion (27 1) kg
° The paceatr node of x

is ok index pasition
How des o Min Heap work.?

‘_Li.—:\_) [ 2

= The smalleed velve in Hic \igh is elways the ook node of Hie tree ¥ shovld be
ak% index Q_

> The \N'T—ﬂ' valve WO\ be any of the \Qaf nodes (vnodey in lowesk leve))® no
Qosvanite g Wuich one it Wil be




Review Foc Ledo b Linked Lists

Whatr io o Linked \ist? > & Aava shvuctuce thebr 'Stocey’ o \ist L) Aata \ements hj ‘I\Gvina eac\

ehecnent eoint Po Hne next.
* A rolhzelrion @ nodew whiidn ‘ogethner rpresent & Sequenie
> L.L. ¢ ahocalre Mmem. For eabn Loment f.epnm-\—e_\\,s’ , and bn\3 when
{\u.t_ssawl, (s opposed to ascoys wWhillh alveatre entice Llocky all at
one )
CRLALL: Winat is peio\u‘? = Stores o referente 10 anctlher Nariabile Cike “pointee”) 'or cun aleo be (et
Yo NULvL, lodlcarion ek it Aotsw't point ot anything .

3 QCTTING o poirkat OF v I3 Sers bne pointer var p v be cqueal o
ot p = &nom -J_k He Memory address B AV iq M M.
> DR erEereENLE o poioter: * int decet o ¥ r ) —" ¥f” actesses Fhe volue
Hrak p poinks v Caka 3B)
i @ = DU o seks Hievalve Haak p points to o equal 30 Lindead
Ul Wheterer it used Yo be)
TR opointer can only be deseferented after ihs bren assiqned [Seb +o polok ve Some
sgeciTic pointee.
* B ooinree Wo o poiokeets “bod” & swovldat be defefecenied.
(shoond et Haem ‘o NULL tastead)

= Poinker Wnaving ink noen = 37, 7 bs e poikees g0l 9, +o kot

o p= % nve) Poink Yo +he same addrust inmmocy

tnt? q: p’)
fypede € rwer
- PoinYfecs Wity C- strvets: yped wer| &

iny ei;L"
S\-’n‘n:\ name
3 ks dent )
skodunt &1 = 7205 "ani"3
1 IS o poinatc Thak poiavs
ke the ST Stwuet

defrfunecs PL jers Haevalve 06 S1.pid
equen ko Y\L4Y

——— &rodent” pl= Bl

R . — .
?]_'é pu* = \13'—!)




Wher Ao \inlee & \isks loole = aNocwurey gpate For ¢ dumear oF the Wtk Sepacakel yin ik own

\ive 7 bisie g reen oy taW\eh 6 “\Tale ik \NR) e\enaent' o0~ & “nDde"

D Gac nnode wntains 2L Fields:

¢ ‘t*‘«\-otl Cold| whe e ackual Aaka element iy Skord

© ok etk Shien 38 o peinker Haak poiars Yo khe neay
nodeinve Vst L node® elememt2 = 3 elementl )

= € wodd 1 alvcdted in Mre heap with @ Malloc () cal

= The fonr gh Fae st is o poinke 1o B 1%F npde. Lok anode iVte®)

T T Tnear” Qeld g Wne laskwiode is NULL.




Virkval Memoc
~Mobwalion: Liom

Wher ace ¢ome limirakipng

o€ P"“j_\S‘L‘\ mam.,ra”,

How is Hae \Viaker lionited

bj 9\/\35'\&\ mamwnq.

VNow is ¥he \Da der Lmite h

5'3 ?hjs'\ o\ MUV\DI:j".

Whor 12 tae oMer WAy o

\temibation

Whek does Yickual MtMDré Av?

- Vietwal Mewmory :

M c ica) Metmogu—

- Phnsiga\ wu_mu\-:) (ove DRAM) is o £ixed size cesourte ) e Yotal ampony

of aaNoble Sipcage Lin bghes) i3 limited vs e # oF physical address
(ocakions.

- Basleally, paysical mem. is o Precidvs tetovree blo & hay o Priaed amount
of gpact Ywek tannot: be eateeded.

3 RECCALL: The [pb of Hue linker Gn Symmary) S do take the 0 (machine
lanquaqe) e.o.F. ELF Cie anad assign e teny | date ere. Sectisng bv

addresses in Physical momory.

S LAMITATION: hhow dees Ane \inter Eadw whith address locabivng in DRAM
are VaLeok [not be.inj Vs e 5.5 other pmarams'! Row olves i Bnow e Fo
as53qn Hae CLF deexinng o dete”

S RecnLL: The {elo oF the teaderic ko jalles you bype .|a.ovt o run o program,
MRAN & Stk and “heap” scekive for the preqram in Main Memory,

DLIMITATION : How does Hne loades bnvw Whith addreases in DRAM ace open, S0 i+
¥oore whnecy +o plae e heap & stacl dota sr.amev\\-s'!

- Pijram Sites exceeding omt. of dvalable main memecy.

*For o WM win M addeese lbok-Ho(\t) Wher (G thae i of Q,\Ak.s Nneeded ‘03
o ?rVJ(nM LCbor gratic nenf Shured \Gbraries Sharedk librwj M:morj

mu?einn R Xext | deto | obee cuv s:.u\-bns)e,fm) is jrtahr Hran W\ Ln\-"s?

" Same For ik, mo tigle vmamms
> QeLolves sl Hhe diswsted Yesbrickions of Py wemong LY morel)
= Solves Tewong Ma.ﬂﬂjl.wk,w\- problems feladedr to:
Progrum Tsesotakion
* program su\)d\-y
= Virky el Memony 18 VSed o0 aly moden serens laptops, ¥ <marrkphoneg it

s e vp e ﬁt‘ux\'t\-\- ideagfinventiont ia bhe Field of wompuler Stiente,
Basic Design  Befinivion, ¥ Opecations —

Whet are Hne propecties of

vicrvay mo_mona...'{

- Definea vsing N biks,
= Token # of virtval addfert (VAY Ivcations: 2"
A Storeqe Sivet 0 bykes

> Virvval addecestes don't ph“sioa\W earwt Chenee " virkvel" )




How ace linw &

afCected \on vicxvel memhr-a,?

\cad operotions

= The bq:rrx\'irj StPHm Aelrnes @ common' VM address space Hack i utes
By e Liawe % \oad P:OBG;\MS

‘oo, one s:na\,\ar‘ ShaCedd VM addeess 18 vsed b\a woth the linker

\oodefr — e \weeg S\-a;b)(—w l\I\W-\'\'L—:;nl\lsa , and shared lihqu Mnmb:\j
Whet is dhe muv\nl:j

Mon«a@mm\- ond T

SUpMents Wit all Nave e SUWe VWM addrees locotiont

il P\mﬁsico\\\\ﬁ)  is e hamdwace omponent o€ +he CPU.

2 (Mmv) cesponcible Coe -\-\'nf\slq-\-\'tj avickval 6ddress 4o o physical adidess in
DA

- Ar ki poink when using VM liew & load operations pretby mven betome

aveai) %:\{*7 in b(LﬁM) ek
How 6re VM qddressen vsedh

53 e s:j srewm ?

Faviel, vecavse Hnere programs requict ne knowledqe of physical mio\f‘r-ss-l\j or

- Al
Ny vaxime, Yhe Vickval addrees heldina CPU rg_a:gkx s ronslated ak ruakion,

b\ﬁ Ywe VWM inko o gbrn_spbngurl:} P““QS“'“‘ address in DEAM . T\ne chatau is then
Zenv Yo DEAM.
2

Srores i in Yo reaish,r-.
Sc whery 1S vireua)

mcww:va, 1

Whak s o vifkruel ea%c?

Wou b‘\a s tadh VP

Cp = & oF page oFCsey bivs)
Nou Moty P cccons syom’

Whoak ace Hne 3 grales Maar

a YO can be in?

Then, DRAM LA dane vword, @ dhad Pl addces 4o e PV, whith then

i &a\\a s VM can oe 'H/\buﬂ\/v\f of s an M‘I‘AJ of £ixed-size blocks Where
eat\h Lloe s o ViFkual page C

)

)

or ‘\pc‘jo" £or short,

= A b\’r\arj file Inc) resides {n g SA.LDno{,arj
S\—D\'mﬂc Aevice L\ive an €50 o UDD)

= Steob 4 VP = 2.7 bn-\—u

= Tora\ § ¢ VP

5 of VPc < ?_"/s‘n.c of 1 pagqe
22" f 1

Site of o page = Sume @l Sie o
(a= §of A'\%i\-s ia & VM addcess)

& plysita) Erame

A.
Vaallocaked : poae whicn hasn'd yet been allocated by “4he VM 53.\’«&1) Y

Blnan Cile S nov \er physically on tae SSB. The VP Ble Vasnt been ercated.
2 Uncatved A Pagqe WWida has been alocatred pavo e 33D, bukis nok yet in DRAM

a,
Cavned . 0 Pagqe Witk hus been allocated Spate b e SIB , and cosrently alse

Pansically exisrs on Hhae DR AM (main memon ),

T RAVP becomes “cacned” when it is loaded into DRAM av o paysteal page
Lrame (PR ) \oertioan.

* Meaning Hne VO File on e 350 i3 wpted ¥ pasted invo a BRAM puye Frume.

*NVPs can ha plaa inta any open PE ) no resiviexians ondae m-au;,j oftem.



Plow ace  victval pajg,s
(ves) grjo.(\i-u_d."_

\RNWark (s e f’my,Ta\o\c".

WWhak s $\e PTE venid \oi‘\"!

W\ s 6n MMy "Pajp_ h’\\'” 7

\W\rek i¢ an NNV ‘\Po‘ib ool ?

Whot hapeens Whea a paae

i'—aow o (,(_\:rs'(.

What is swapping !

\What is an MMY Yoocake

poog Caswy" 7

How does Hne Poge Calt handler
Tesgond 0 alocale- pode - G oyvig 7

21A e *omon manaqimont Vaik (MMV) in an acray of page Yable
eardes COTED coved o Pc«lc.'\'c\b\t-
= Mups virkval puees (Fom e $3B) 4 By T page Crames in dne
DR AW .
S ivcrﬂ proqram has its swn PageTalele (Baak scks \oaded ints DRAM)
. s.«.rj eokny Yo 4 PT cepraents a Ve,
- Kk o8y =€ He poqe Feodele i also stoced an e SSD ag a L,ino.r\, Gle.
- The Gesy Lik in o PTE . lndicates whece He VP ish::n:l SO .

‘volid =L mecas Mot thay VR hes been Lalhedh vali &

n o peag Frame in DEAM,
" Valid=0 ;) virwa fuqe LVP)Y lhas ok Leen cached.
“NUTE yneathed VP ace S¥W Stored as h.‘na.r\j
Fites on Tho 8D “‘“\’S just areny in Main memaey .
A Whta e VP (foc 4re vickeat addcess) reqv:s—l—u)\ b_‘ﬂ e LRV i A\r:z.e\;j
coc\ed in & paqe Cavne n DRAM (oo valid = 1)

S When Hhe VP €or tne VR requesied ha +he cPu it nok tached in DRAM (cve
voNid = D)
S\ Hnece ot open PFs in Mg DRAM D MW zashes e speciCled VP vo an openfame.
2 1S an pooe Fomes are eorrEaMy a)e $+-l:r€r\3 Vickyal paqus An exceplion is raised’
* Toe 0% erecvtes & “pmio Faolt” handlec Ereqram whith Selects o VP 4o gvicy Ceom
vhe DRAM.
= The prer.r.‘ss\cﬁ which He pege Cavly hoodlec evicks VPs Feom p\n\,Sita\ wmou.
™ EX \idval poae "N \ntinj avicted Fom prysical Fame ABin DRAM . Stepe
% Pase Eav\> handler Lopies all 0% +he dato in the OF being cleaced 00 (PF 2)

2P PEW pastes azig dara inko e VP €ile Lindnc 33D) of Wne Vical ?aclc_ Hner Wit
data initially ome Eomn (VY )
» Twe data in tae fequested VP Mok wil' ceplatt Hae one '!v:\- evieked S 1opled Fom
iFS SBD Clve) Gnd pasted inYD Hhe now wmery PR in DRAMLPF 3)
- swapp'm% is o vorj expeQsive  operodtion MaY Faleey o de{_ amount of Hme .
™ When dne VP For the vickval address fequested by dne CPV i Un:\l\)ca\:d—mr\\’:\j
ek e vickval paop dowent hae an exithing. loinany Filevn ¥ SD.
° B extephion is ratsed and Ahe DS executes the Peqe Lotk hand\er Poamm.

= 1r crecdes thae VPe Hﬁa\n Gle and Stores it on e SOD




— Concepts and Calevlations For Victved & Physical Mewmory —

Whal™ do e biks ina vickual

Mt.mnrn address mean?

Whokr calckarions waan be

forened \"esur&i r\3 VA oA dsesies T

Cxaenple?

RechLL How ace the bits faa

Physical memory address divided’

Cavevlaxions ‘7

= The iks in e VA ace poctitioned to¥e ) §roups:

il NPO (vickven pauae oFCeet) oits.
2.
ven (victuon page vmlee) bits . = debails the S@Lip\"b Ve,

= Lek Mne vickval addvress be bite | and +he VPO totare up p bits.

% The UPN isihen Lit< \ong.

P- Tokal & o€ Vickvey RAdresses® addresies
Tovran # o€ @ntdes indac Paqe Toole (PTES) : entdes
Tover f 0F VPNg:

S"“Lc of 1 faqe .

bytes .
“For exampre W eath UM is S Lis long. (ke DODID), ond tnere ace 2 VPN bikg jHen
3
LR =3 enkAes ia Hne Pe.ge‘c_-\-c\‘q\l.

° B2 bored VirryoN wkdccshcs

L= :‘_bd-\-“ ¢ datra Per Poge

> A OF PFO bivs =4 6F VPD Lt
= PFO (P .Rrame offket bits) and PFN Lp\m\.]s'\LAl Frame numoee loibs )
= Lex

be +he » oF p\njs. addrets bits ard be Hhe PFO biks.

3 pEn: oivs
i Totor & o® P\I\ns'\u.\ addresses

%
Tovun & of p\njsiu\\ memory Crame s - Fames

..
Sk o 1 Frame® \a\’-\-u

7 WOTE: i o€ & Physica frame = Siwe of vickvel page

~\ictvar +o Phusical Pddruss Translarion -
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& € xecores & sdm:loljax c\\%un“\'\/\m onthe Rrvo-R queve o '.Ax.v\\-ﬁ:\/ wihion

PIP®REs 6VDVLA vun on e CPAV Nex.

gl Q.inzs e LORVTS 6F Me aewr- sdneduled powss (stoced inits mem Scjmm\-)

onto t\e CPV rea'\s\-us.
—SENS: The Process con now \nf.ain (oe ceyume) uzm-\—in.a, ivs Tastvetions on e PV

- Process Lifecytle (1 Rupaing —
. ~

Whot wce e 3 weys Mey o

Q-UAA:.\J protess \iiz\As the (PO 7

SRecaLe: The K\)N\\“r\3 shave is when ¢ process is wrran\/ ﬂxecul—\'r\j
Wskudkisng in Hae CRV.
- When a prowess “Einitned " Jave Wuen iFt mMain funckion fevurns.
* Remember, Biis can mean Yrat the poes hag $v gu,ss?u\\r aexewted al\ p§
WS iastckiong GAd tetucne A normally.
T BT ix can w\s0 Meon Ak an ercor(unfecovertble €XLe PEION Wos
%‘xv:rq\-cé‘ anik Main ended elrupkly AdVE X0 an ecroc Cabnormal 41t )
+ Cither e MMe _exiy inghruckiong will e pecCocmed ¥ e process Wil
Yransiton ko Tecminakion state.
(g When  an tagheuckion pecCocmea) '43 e r‘-urmir\j prowssis a ‘a\or.v-;nJ eveny

VA Qwrah.s an qsam_\«ranws exeption.
* RAx 2ais poink, the Disparch Randler wid move YWs  prouss Yo e ‘o\veed

queve (ava the process trunstioas by Rocrca stare V)
" WO e acrow Lom (Lunn’mak Yo Blvcred in Mae d'\asmpn on ea. \Dq

Soyy Vexception' on it
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= ?(‘o«.ss LiCec

= The Girqe Hype of \Pre.tme\-ibn'_

2 DEFN SL\-\-ins a Fomee o inYescupY Mhe CPU Y places an upper bbund on
how Lony & CPY-Bound ProLess Can Fake vp [run on the CPU UAWY irhas
o eS\m anokler proens o fuin.

* When e prowess is inkescupked ) Wil \'Te\lk +he CPU.

™ Relares ko ideq o€ (ontext Swikdning (Nvsien of conw«u\cy‘.'.

= Setond Fype of ‘ereempkivn B

SWhen o pvoLess up\w_i\-\\) \[\'e.\d.s the CPY becavse o ‘'recoverav\e SYm.\m'M\ws

eheeprioa’ Lsvtnas o "Faoltr ) Was Aueereted uhile trwas runn\n3 on Hne CPV.

3,
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spended  becuvse pre of Fae 2 Fypes of Pfef.vv\?'\-iun has oceurred .
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sdnedwling  tne Dispatc andlec Hhon adds tne preempted process
Ladle +» Ye R-+s - & queve.
fokae, Me proccss Yransitiony o Ready strare?
= END AL Hais Poink ,the CPU i unottupied and Whe Digparen Handlee
Can viow pecCorm Hae opecations descdled in " Process Uifeeyele: Lcm—k\,"

Yo stack ronnt e e yext protess o the PV
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Neve: Blocked =
= RECAL: The Blockesd Skake it when o Process is in vne Bloc\ed Queve” System Lomponent.
"Dn\\/ 1“"—01 e process pecfocms & blocx,\‘n%, iastrueklon Hhot 32./\:,(«\-‘5 an
GSYm_\/\(bnovs excepkion.
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0 process Yie\ds e ceul
- The staee registers (Frame I stack pointers) and the Pm(]""“ count LPC) reaigk.r.
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S ANLNALS aritinenttic Dvec®\ow F""g yestey ovt t—‘ma ke,
T Bhe procesyes) PID .
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7 Pacent, sibling ,and children protesses
= The Lorrent cratys [Srave of +we proeess (hdm Q-’N"H\J Blocked | ete. )
? The GPU $xesvtion Mode 3f tne proctss (e.q. VS ae kerned )
- P«ml exteptiony Thok vicve ben ﬂbhzm\{'\.
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Kecne\
= The “sysrem’ aka Pe Kerael 5 te read from or GPU Lontext
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Whear doet Fae gy (bash)

Qv vpon feceiving Wis command
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SR veer invesCace Program hat ch\ows vsers Yo run Fmamm in ¥he
Linux OS.

So for FNis semittier We Whave Leen vs-‘r\j a bLinux detminal in tve
“\earn CL\" evnivironmeny,

= R Pogram Mak Inter prers fRak -baged tommands Mok are endecech L’j
Me vger).

S ACrer :nk,cpn,-\-rnj vsec commands blae shell Yhen inyeraces Wikh +pe
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= An ax'\S\-CI\B process Haak s bq.\'nj mcn,..r_d hn e <3S+¢-m.
fovn, o protess Wit~ it (n the Reody , Kunnima, ,or Blocked stavest
- A ORI Pk 1y erecded ""_‘] & Paceny pocess  Gnd Fnen momo.zca\ \aa Iwe
S\SS\'(-M-
T Dl itis ceeodead by +he parent protess, it alo 9ocs bo eithee the Ready,

Quani r\aa,_ ) oc¢ Blocved svode .
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Coacrion worw 7
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ook 1
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* R&LALL notes on “Lom\v_c\-fr\:l prvarom-as in Pae shen'' aaa \carmihod,nu,\"
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basw
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‘a.our bt Besw'y CWil prowess
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SWhen Cocwtd s called ) i¥ ¢tealkes & few process Phab is & o\vp\(m\-t.[(.om of
e pacent process +nak 2alied .

 Once Forkl) i colted | e tyStem i< now managing o few child process (while
:.Dn\-'\m:‘moa, Yo M“‘“]" e patent ag well.

S For £y e Following © program is pur paront protess:

= Mfter taling tne Fore () Function, parent will it main L)

Wnrinve F0 theiute the cesk of Yhe proqram - Pr'm\-(; (“pacent\n") J
the OnilA
PfDLL€S$

- The OW\A process win only crewbe e

pd _t  pidi= Forkey),
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-0 revuen O 3
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€.q4., e PID in e whild'y P28 must e c.lm-njui Lsiowe ik 34 r.c«earm.prvu.\s)
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