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Lecture. | - Tatrodvction

Bit about  C -longuage ASsemily  Adventasges
v C - Stfuctura) Piog famming  lanquasge ’ D“"‘J“ﬂfwg
. files cyﬂ in .c - Pel Formante TUYII‘}‘lﬁ
» Main funCiion S Tequired » RevefSe E ngineeling

e Must te Compiled before they tun

-lc?w,( level  langvage, Communic aies sldesl  B-10
with eSSemily ond macthine code.

v C Progiwm, Compiled LianSlates 4o aSSemily (ode,
whith  PioccesSoy  undelShands oS rolhine  code.

*C had  effecient (omPilef, Pigtferred Choice Fof
SrSbem g w Prageamming

Lnteqeoting  NodeS
¢ OMPUberg  Can only Stfe Nomlers n o IiMcled  JiStrete Forma
» Common  Problems with  indeger oweffiow and Flout Prcision
ComPulel odiihmelve

1) Finiteness — Mombers  Siofed vsing  fired  bitS
z) Distigless - OPEcafions @fe  [(eSificted Lo fanges

Merory Mo diers:

« Memoly 15 not ‘nfinike  of uniform

) Cathe and RAM — Data is easier for o84 ncess
2)  Memory Bugs — ACeHing  invalid ™Merory, cavses crecs hes

o Cand C++ does nat meo{e ™ emory  Plotection.
' Memoly  aleess Pa blern Signi ficankly  a¥fect P efformente

Holistic Tntefview:

High Lewel Pogiamming —s  Assembly = Mackine Cole —2 EXecution

MeroVy  Acess:

» Hicranccal  Structyre ( cache, RAM)
v Speed efbeCioncy




Lecture 2 - Tntroduction 20 C Side 7

R&f(&ﬁh@fi Lite C—YCIC of o C Plog fam

D Wiite Soorce  code i C file

1) Comfflfug: Tralabes SOurce Code 4O  methve readadle ingiryeiions
3) Linking: Combine yor code with lijaries 30 <Xecvtable ¥ile

4) gxecution: Run  Pi9rum oS binefy on Oefeting  SyStem

From Qource 4o Braly Code
Compilation Phaje:

c A printf.o
|
Pre- "%a TS -
zello.c A d hello.i L Compller | bellc.s | Assembior hﬁllf.;.u o J hello .
e pK()C&':?OC (cel) (as) (1d)
Source PP Modified Assembly Relocatable Executable
program SOUrce program object
(text) program (raxt) programs program
(toxt) (binary) {binary)
FInclvdes  dikeséies st';"”i]s T , e Converts okt bbieke [fitks
om Code Assemil .
M oS ard Comments ! To mmym . Thto an  execoable
Code file
HW Organization of a System —
Riain s pidge i
o™
Negwe e -

-
N L\
Svvier ba
2 o

|

- | R -2
s Katld - Ouin H ‘ Visible
—'( _ a E.:j balle omovisity Thin s
Reod

of : Shell  faPiufes infuk, wrikes fo
F HC”O COMMGHJ ( Memoty, B1e99ers fYDJfI(IM CX![W'IDM)

for Hello ©  Binary ( DMA- Ditect memaly Acess 10adS
Common Biraly File into wemoly ¥of execution)



Com Se  Focus

* Hedwafe Manogement: 0S PreventS Migyse , Simplify

e pp de,l/, Manafe  ConcUffency
and parailelsm.

C_ Refreshef

*Stiongly Tyred Longuage , has  Sbret  dada  bype  rules
» Basic  Dabo Types: QL;;&,:IOM/ doub!ej short, long
‘dbimgy afe alfays  of (/]/u»;ﬁ
* TP CosSting:  inp  height =Z;

font  Fheght = Cfloat) height

Sf[ugﬁS:
- A compound datodype Yor grovping related veriapies
¢ Atess  elemenis  using  dot opelataf

23

Pointers

* Yatiable Storing  Lhe memoty odiess of another variable

‘Decketence o pointer using K Vpir=10; assigws Jo o X
' Be Calttyll, ¥of wmermoty leak

Axrmzs

*lontainS  rwllitle elerments  0F  Same  type

*Size 5 SPelifred at  decleation

*Sowafe blocKetS for  indexing ()P@(OL'&O{S

Al derived $om C: 1, -, 7, X, Ht,--,

- Malle Syre
With  Lhese

<o 7, N, and Symbl

to  cosi- coffectiy



Plecedence and Associativity

Plecedencs. Detorming, orded O € ualyo bion (Bedrees)
ASSOCIa 4ivity ; Detefmines ordel when frecddence s e ual

HO\A/ Contiol

—Flow St tements: P, i€/eiSe, while, do, for | Swikth/[carne

-C Doe5 not  have  boolean  bypes, inStead
-Eaquality 1S = =

Fonctions

- VSt  Functional  decmpesib on ing
~ lake argummts /fetuf n values

— Vaviate declated inside  furtions 3

['w\w local  Scofe .

Plogram  File Structvre
.C-Code Files

0O ypeans ‘Fafgf'—, elSe trve
Sqwre  (inti) §
Tebum @ %o

heade(  Files (. h) — WaS  Funckrons, projosypes, macros

- USe # inclvde , So  fiieS  can See  €alh 0 ther

“C has o large number of  boilt in libray  Files

onf confiled Code

(.h Filey)



Lecture  3- Rits and Byides

Hardware Organization Recap
© Mermoly i 0fqan zed

hiearchically (fegigters, Cache,RAM)
. InSituckions and dafa arC feithed from memory Lo be

Bits

CA bt s the Swalles ¢

€Xxec Uk:d

Unit  of date in & Computer ((epercsents o, 1)

¢ Bits are (building  Blocks Fof encoding date (m/WIBch, ch“f%km,msfrm,-m]

“RilS are eary o implement vgeing bisdabe epmen 2y (p:low Voljage, L= high volgage)

* BCES enabie  universal feperesenta tion  Fofl Elything

125 RitS and

Binaly

2 BilS Can repefesent 4 combinAkions

* A bit s one binety digir (o ef \>
00, 01, 1o, 1l ‘Binaly can encede  Aumbers.
Text: Each ledder A of B S turned into Eacw bit 8 a pace p*) #(2') + 2°
b Seqies 6F B &S ™ biteds Sy shem 4 +0 + 1 =5

u .
A in Binaly: 01000000|

Memoly
“Memory s Stluctued by Adfexses and cofesponding data
AdresS: vnQUe  pocabim

s Data. Stored infor mation (bivedy)

Doata Referontasion ond Inbelpretation

¢« Binely data  (tpesesents diffelent Lyfes of infolmalion
(cond be Norerial,  Kibhabetical, opkes)

134
/ﬁimf‘/ could Mecy:

olo — 2
\\+ 2
0.2

Binaty and Friead$

based on  Context,

* Radix CB(LSO) - The baSe deteimines the Number of  uniowe

Rinary (bate 2) =2 o,
Decimal ( base )o) - 0,1,2,3 4,5 6781
kexadecimat (bose 16) = ©0-9, A-F

oll‘7f ES to Use.



Binsty and F riendS ~ Refeiesentobion
‘[ ach post kron i & Nupmbe/ Coffes, PandS 40 oo fower of  the

Valve= do 24"+ d.xL' tde xLL

where 4§, is  bhe digrt and b is dhe base.

Conversion of BoBes

A
23
/Lormré loclo\loll o decirol (Binaty o decirt)

,xzq+ [xzé i lﬁLI’J- Ixzsi-lxzz';-l;:z'
2 = 6o3
@7
Convedt 6o bo Binaly  (inteqer 0 Rinary)

S0, —> 25 4—2:'1’2‘
32 +le+2

iﬁ ;IIOOIO in B(ﬂ.ﬂ-'y
Hexadeccmal to  decimal

25 B = Jecrmel

2xlpt b 9 X6 £ ux 16’ =Lo3
¢ ¢
Y/)(
/ Bindy Flactimw 40 deCima|

10.0l0!

~\ P N _
2 vonz’ ¥ OXZ k(1 xZY) k(o xE3) +(/xz“)

=2-312$

9
@*/ Hexoadecimal Lo  Binaly  Convel§ron
2F—2 BinarY

bege

Z n he x = oolo 2 2/15; oo lo ””
Fin hex = Il
@LG o , ]
7 Nelt  Rinary 40 Hexadedima

1o Nl

Wl =D S pex = DD
oy =0~

Note:

\ hex d@it = 4 biés



Bytes

v A byle S B Lits

Reperebents Values £rom:
Binaty: 00000600 to

6 Lo 255

oo Lo FF

He xadecimal Repefesentation in C:
« OxFAIDSTB fepersentS Lhy hex Valve

»Lach  di9it  Corfes pondS +o
F= lll , A=<lolo

RN
Decimal ©

Hexadecimon :

BYte-Oriented Memofy of4anization
rLoch memoty has an  adfess

* Pointers: Stofe mermoly adlesses
x Specitic bPe associated with bhem,

Maching WordS

* Word Size ;5 bhe fominal
(dthermnes bhe Sizg of  Vildua

[Typieal Vaives. 32-biz/5q id)

>

“ 32 bik can adles
e by bit SuP Ports

Date ReferSentation

Srskem
S¢S dem

float

i
3
et 4
4
4
.

- A W A N

Lang dedle

[
T S R N SR
o 3

mewmory

6y
2 =

4 binaty bits

and  Content
and havé

32
2 bries = 4 4B

(;"6\'9 ’«‘d
o
6660

0001
0010
0011
16160

0101
0110

0111
1000°
1001
1010
1011
1100
1101
1110
1111

%,

® o e wN o

@S aunewni-o

" N00w>e

Size OF an inbeger-valved 4ot
adfess Space.)

13 exabyles
Nobe. Even ¥ a Vanuaple 1S Und&-f-l’neol
it 44Kes uP the Same amount OF Spue
in memory



Strings in C

* Strings 2 affays of Chalacgels

¢ fach Character s encoded in ASC”(7'L:'I. S{-ﬂvdn‘fcu
» Sgrings  are null derminated

Word - Ofiented Memovy  Ol9onization-

A word S o fixed Size
’ 'S Skrvitured

it of data VSed by o cOmpv&c/(q bytes on ’szw)
Merto fy in bytes byt CRU

feas ath ProccSSeg Jatan
"Eath bybe Merory haS  Uniae  adless

in words.

Bybe 0(defing
*Big Endian: Sfores rmosi

Significant brde (MSR) ot Smalest odles.
e Little Endiant Slotes  leat Signifiamt byte (LS B) ok {he Srallest adless

Oui0P Oa303 Owitd Smitd

| Jorjasjesjer] | |
Littie Endcian Oni0P Oni03 On102 Gmitd

L1 _ferjesjasjor] | |

Repetesening Tntegers
'I"Wjefs can  be  Stoved M binety, |exadecmal oY deesmmen
Little Endian = LD 38 00 o0 g FOr  Systems

Biq  Endian. po 0o 3B 6D

s DisSagembly

)

Yoan lebimg  machime Cede  into  hgman
Mtadable oxgemply code.
DS
?// A Value 0 X12AB in lide endian

Tow  memory lwyfove : AB 12 00 00

TS Means  1esd  Sqnivgans  byte  AB  comes girse
Aodress instruction Code Assembly Renditon ‘
8048365: Sb Pop tebx
3048366: 81 c3 ab 12 00 00

£ add $0x12ab, Yebx
804836c: 83 bb 28 00 80 00 00

cmpl _50x0,0%x28 (%ebx)
, v

/

\ i

|

\ Ox12ab Value

| 0x000012ab Padding to 32 bits
| 000012ab Represent into byte

ab 12 00 00 Latle endian regresentation



HO\«/ MUVLOT\/ laYoys 1% C}fSPlﬁY&J R ne'n 0)

Result (Linux x86-64): * A Poinfer Stowes  [he  memoty ad®>S
0F & varieble

‘Differen t CoMpilers  aSSign  diff
locatrons {o  objects.

R? ?waépnl-.‘ng( gr"l’fr\cjﬁ

' Skimg  afe  affay  6¥ Chatacters, fepetesented by | byde (4 b;ts)(ASCII ena;dmg]
‘ Byie ofder.~n3 doesny,  afrect Strngs

LllJf/H(, Ehd(‘an and Bif[ - tndian  Store  Mumbers

. \ful'lbn & Nymber IS Stored in rMemory, ) binafy (CReiesende iron
'S brolen  in do byhes (% bt 9100Ps)
X

Y Decimar: 15218 =7 Biway: ool lon  ouo el
Bleax  indo by tes:
First  dyle: OUo llol 2 hex: €D Steps in Endiwn Conwersian
6ol loll & hex-
! I Y ) Convert +o binery
. D0po OoOs > 00
0ovo OUvos -5 00 2) Bleaw mio by #ed
B4 endun < 00 o0 3z 6D %) feertange  byles  dtfending
Litte  endmn: 6) 28 oo o0 0N Big/Litkrle Endiun
Stovag e: Oy leeebf3lc
OXlgeebf 31d

MePoties in adlese,



Letture 4 - Tniegers

XP - Ponts to rmemory locatg,
*)(F—?Of”lb 46 actal Laly,

Quick Recap

Variwble Iike int 1z, ong y are Stord in momory
With  Stecifec  adresses

" Pointes (ing Ky, ong XyP)  Slows agress oF  Lmrabes.
Tt x Staft>S  al en adress  oxpo, Next  ing wouid Sdoted
hert U dydes Gt OX [04.

Logical opefators

- AND (&): True it both inpuES afe | (0 and | ﬁo)
» OR (I) DTrve ie &b ltasi sne inpoe s |,

e NoT(~) i lnvertS e L't 0 %0 become |
» XOR( A\ : Trhe i inPuts afe differen?
* NOobe: ('5 Meang  Troe , (0) Meangs  False

« Lan e (ePelesen ted USing  Swi' & hes

Bt Lewl Opesadions inC
- C SuPpor s hitwiSe Operations {o (Thteqral Jocteetypes Uong, ing, Shorl;, char)

"ORfabins are appled Lit by bid.

155
)~ OoX4l: Thyelte  eagn bid 0160000] — —toiio
2) Ox6% and OX8S

LO% 1Caf  ys, El’h\/\'&c OP&[OLfl'OYIS

* Logical  oPeratars [l_(/, N,
< Tread 6 os  Fedse, hon ze/o =S droee.
fLiufm 0 or |

* Bitwise OPtlators (&, 1, ~, A\
*DPerrse on the binary  levy



Uﬂ5i9 m& InétgarS/Ehcoclmq Iyl#;a:/els

*UnSigned integes only TLPefesent non-negagve numibes
“Stired oS binagy
* Signed  inkeges  Use Sign  big o fep  Posibive/hegatie
O PoSitive ;
| A/Lgat;w, _| TWO/.S Com plement
Unsigned:  B20(x) =2 xi -2 R A & S TS
v Xit The bip oy ras.',;m,l“'. =@
cw Total Agm g bids 'K(’,'/ 1dea s

LY ’flfPP,’ng l?l‘i’s

C\dd()lj |

* Diffeient  dodm bypes  have Vary,-nja [anges | dCPond,'ng on $t'°/1'l<0//uns,;.¢d
Binaly Numbed  Proped i Modulaf Al thme i
‘Bingy folows lse 2 Posravml  SyStee CNirtbers wAap  Rfoond  afier
’ 9 . W

UM\@M:(J . 0 to 27— rw&)ﬂ”tg I VAL sz)
“Siqmed 1 =¥l g v

P Undigned  Arthme biC

Twos Comf lement 1 vopefotes within O 4o 2V-)
* How Negatie rumbls ok Stored : ‘Adenﬂ/SUbtfachnﬂ leyone S
'Fll‘p all bigs fange, \wyaps agoungd

oA L b resulg

Y:}/ 5. 00000lol Sfﬂn&é Ah'H]m&-HL(TVO'j CaMPlcmenl‘)

-5 1llhoto FliP coperobes within 2" o 2¥7 |
add 1 lion A

42
<<// Posidive: o0 Lol Oliolig] = IS2(3

Negakve: Ll 000]op loolpolo = 16213
Note: Llatgef word Sizes allow for

lavger Youg .

Myre 2SS MensS g, ong o




S)l\"F émg 0 Pef atrons

Leet shire ( x <2Y)

‘Moves bits or X 0 b lefr Y Positions
rFONS  19hd Side bibls  witdh o

v Mulbigues  the  Nymges
24

ly 29 (ir no OVe (Flow)

Binaly. Golo (Z)
Shiry 2 Lefs —» 1000 (8

Right  Shife (x>24):
“Move bivs ok b0 light by Y PoSrdiony
'LO?I‘OAI Shiyt «

“FIS left Lige \ith 0 lolo l2) —7 000
s Atrtmelic Shigy:

- Fius  leFL  Lifs  wibh S’?"l g thlo 222 = Il

SPeccal (mse: When the armomt K 2w (whee W5 werd  Size)
behavioor S Undepimed n C but  sswally wraps  argud K mod .

Le€t Shifts
X <23 Rqh [
choves L'es b figns by
h  PoSi tiony
« Logital  Epg  1epb meSk bids
wiih 0%
0XL% =) lloo ooll —y ooollose — OX)8

v Apighmetic IS Wik omsp
Fot X223



Lecture 5 - Integer Acithmedic R2UCK) - Unsigned

B 2T(X) — 519 ned
RecaP - Numerc Dabatypes MSB - Most Significant it
*» Signed Integers: Sefefesent Posibil /neqotive Valves
.
int (4 bytes), Shole (2 by es)
‘Unsignd Tnkesers: (eferosent Posizie  Valves, and O
X
g UnSigned snk(y bries)
+ Real MNumigs:
Floating-poing vawes |iKe Houk (¥ bytss) and dovhle (8 brtes)
y romfl
+ 8 bit bmary: Ulllefo
» UnSigned: B2U = 2 50
*Silned: 2T = - &
ConVerSion ond Casting
cKey Tdeas: Bit Patdelny ak dhe Same For both
Sigued and UnStgned NUM bers , bub inerp etation Varics.
Mapping RBetween Signed/unsigned
1) Siqned 4o Unsigned (T2U)
*(elain bid mrblern, interpreé as  unsignd
2) Unined ko Signed (U2 T)
“fetain  bid patlern, interprt oS signd
Por' Comviorent_IETRERRTT "o Mapping Signed <> Unsigned C
Viaemse Sane Bt Pemnny L] Lgred Urdigred
3063 0 T T
Ursignes un Two's Complemen 2001 o i
w — R e— 2030 2 2
Mpwtaw Same B4 Patmrs go11 3 >
‘3-17('73_ ‘ ‘4
» Mappngs between smigsed and two's torrplerrent nemben. siol L —"m_' s
Lrwg Bt representationt and releter pret 2110 (3 “
a13t =30~ —{27— T
1009 == »
11-13% -3 >
1010 __-l__ e
1011 = 1




Mapping Signed ] unsianed
T¢ you had  H bils, instead of <,

Ungigned ValeS, would 9o uP o 1S, Ulll)

Sined valves, would 9o from -3 4o 7.

7

}To fnd (ange, use 111| = -3(dues copivers) Mg range ; @mpee ) (<3
Ol = 2 ( Positive) b5 Tange : 0oco to0N(0 0 7)

» A large  unsSigred wumber  Maps {0 o negatie
Signed  Nomder

- iy Unagras Mobe: \argest WNegative Weight in
(31 ¢ '

2t 3 : Sl'ﬁl’ltd/ 17650”14,5 lalge;{ PoSi4)ve \A/g;‘g)rf N
s : i 5 USi9hed,

0109 e H .

0193 , -

o1t ‘, ‘

1.\1 -0 '

1002 a :-'7 22 L

1019 . 1

104t -4 +-16 i

1198 -8 ’ 2

1101 -3 )" / 1

Sianed vs. UnSigned in C

*lonStanis by default cie Signed inteqers
Unless Staiged with U ot end

'Casémﬁ 'S MPI.'cie/ Manually dore Lo convert
betwgen  Sijned / Uns)‘gyeJ
int bx=qiak) ux,  cast UnSiqned —» Simied
UNSiGned Uy = (vnsgneg) by, Cash  Signed —= Unsigned

Sll‘jh [ xdension
" extending o Sraller indeger o o [afger dype, Whik Pesevimg b Valve
rRule: For  Signed indegers ( pos o neg)

D Extend the MSB o £ extre bits

128 I

=7 PoSitive  Nompes €X}enston:

St vale: 15212 = o (loy  oiG1I0]

ink  Valve EXiendy — pooo6ss oceoecco ©olllON o 1(dllo)

Same @ PPlies 1o hegaiie  \sa Ve



T(untation
* Reducing o largec iNegat ko @ Smalef
tife by diopping the leading biis
RBehaviour 15 equvialeni fo flakig  med 2% o numies fol  unSigned

S umraty ypasding / Truncating
* Expenditg:
» unsinged: FillS Wih Zewes
vSi9ed i B ttends with the sim bit

« Tfonfatin9:
sonsthred . Drops  leding hits , rod
vSighed: Similiar ko UnBigned but  feintelprets

X

Note: T€ dwncabion Temows bits  Criticel Lo detelmining  bue
vale, there Will be dabec (0SS,

UNSigned Addition

*Ofelates in  Podolay Cclibhmehic:

1S iy Caltiaed «s X +Y  riod Zw, whete  w is big width
‘T Sum: (aloladed a5 24y with  w o bigs,

* Modolar Sum: Keepy only bhe lower UL;’&SI dlSCD\fo[n'ﬂ, catty bt

n <
rasd , Y oo]

Tive Sum: locvo
Modilas g Ceo0 (16 mod ZL') 7

‘Whp afomd behavior; 1F 2ty 227 i wiats ammd xy- 2"
Troe Sum; \alues  exrod Z,l‘“’, bot celent S dored ﬁ/l[bv
Modvlef Sum; Ranges from 0 to 2%
OVel $low When %l Som  exceedS W bit Tang e



Mathematical Properties

Two’%s Coplement A dd i ion
» Modular addition forms an Abelien Group '

' Siced addidition  works  He  Same 0 vasigned
L ys 2e-t at the bt lewy

* Opelands ofe  wobigs
* T oM iS w ot bidS
W ems Cresyly 05 Aunbe to VO WIS by diSwd  corry

OVerflow in Two's Complement Addition

* OVefFlow hagfens when the e Sum  extedS the
Signed  fange (2% 15 777" )

* Posidive  OVelflow. x 1y, 2""”_,1/ \wiaps afomd ¢0 hnegatie
s Negative OVe(Flv: Ayy , _ 1 wfups Lo PosiErve

v — ¥ =~ X T+

A
Fliv all bigs mdﬁn

Mulbiglication Basics
. Mul{;fplymg two w-bit numbers can produe
w TVl Lt  @avwls ve 0 2w bigs
- Unsigned  Multjplccation:
w N 2w
0¢ 2y (2") =2 -2 '«
. Two’s  Complement MUlfiplication;
= 2w -
Z.y fanges From — (ZZW Z) ko (Z\” i\>

Unsidned Moultiplication in C
* Tive Produck s talcvlated o3
z-y mad 2~
* The high ofded bits ek discald=d .

Sianad  AulbiPlicakon T C
o discards  Wiyh-otder  brts but tleat numbers oS Buos  Complement
. LOR/G{ 'J(£S cle 'ébl& ,SaMg for ‘Srg”ed ﬂ.hd d”—ﬁ'ﬂll(l MUM[P“C“{‘M” e é)'f leve| .




Power of 2 Mul{iPlicatrons

* Mulbiflication by Power o¢ Z can be done
USing lefd ShiFls: 2=z <2 K

A
E/X 223=2-8

(xce8)-(xe¢e3)= X-29
“SWEEiny s foster than  muldi Pircotron

Pawer of 2 Diwsion

*DiviSion by pPowes of 2 > Peformed
USing [ogral fight Shifis;, 2z - ;_ 277K

X

Y sus
Xyy | = 1606
X234 = 999

Summary: Basic Rules

= Addition:

* Unsigned/ugned: Normal addition followed by truncate
SAME OPSrATIon On b level

* Unsigned:; addition mod I~
o Mathematical addtion + posuble wubtraction of J*
* Signed: modfied addition mod 2% (result s proper range)
o Mathematical addeion » possbile addtion or subtraction of 2

= Multiplication:

* Unsigned/sgned: Normal mutplcation followed by truncate, same
oporation on b2 level

* Unsigned: multiplication mod I+

* Signed: modfied mutiplcation mod 2* (rewlt ia proper range)



Types oF ovel flow

‘Fositive ovelflow, if X 50,970 and fesylt ¥ty iS negative.
6'}/ xX=0I| 00
Y - ooloo

Xty = (0oc00
= -6
¢ Negative  OvefFlow, happens when w0 hegodie  mumbus ore aJJcJ, edvit  becormes
Smaller thon V"I
2= (oloo , :j;[ooo]
(-12)  (-13)
—lz ¥ -15=-27

Binaly. loo0olol = o olol , NegadiVe oveflow,



Lecture 6/7 Floating Poinis

'F[M-Lﬂ'"ﬂ Point numbess (€Pelesentd in e Foin:

V= (07 M x 2f
‘SS9 bik (0= Pas, | =NeY)
"M Mantise (frac pary [0 —2.0 visvary]
"EXPonamiS

NOtMa | iZed  Nom bers

‘E= exp-biased (Ahe efonens 15 mot anl 0 oc I's)
' |. Frac



Quiz | dludy fl(/u'c;é

Hf‘jh Lekel Pogfamming —s Assembly = Machive Code —2 [ Xecution

Pointers

*Vatiable Storing Lhe memoty odiess of another variable
'Deteketence o Pointel  wsing K “Pirslo; asSsvyny  Jo Eo X
' Be  cafeful, fof wmemory leak

v K p= 20, Asgignes  Vale Lo vy location

(. Refesh

*Stiongly Typed Languege , has  Shret  data bype  fules

+ Basic Dabo Typess Chof, int, float, doub!ej short, long
Bfﬂ 4

‘Obimgy ale alfays  of  Chor

’ TY?L ULH;(YLL‘J'. ing h&mht =2;
flont  Fheight = (float) heigh

its
A bt (s the SwalteSE  UNiE oF dake in & Compuer ( feperesents 0.1)
* Bits ate ‘huilding blocks  %of encoding  data ( numpers, &hura.c_{;cr‘s/;n_g.éf,/oﬁa“]
“BilS ae eoty bo imPlement vseing biSdabiy ewmen i (0= low wisage, 1< high Volgage)

* B7ES enable universal ftperesenta tion ol ‘Vl'ff‘f‘tkl"tg

BitS and Binafy
* A bit s one binaty digr2 (o or 0
‘Binaly can  encede  AUmMbers:

Eacn bit S a place (?/z) #(L') +2°
n o binedy Syshem 4 +0 +1( =5

Bmary and Friend S
*Radix (Base) - The base detddmines the  Nomber oF  omiawe  digies do Use.
Binary (base 2) =2 o1
Decimal (bage o) = O,,2. 3 4,56738.1
kesadecimal (bose 6 —  ©0-9, A-F

A=, Bl F2IC

Awags teeds to be 14 bits /1 s



Bytes
v A byle 18 8 bits SII/w(Z, 56?;[ é,i'ts
Reperebents Values £rom: ony - 64 bids
Binaty: 0ooopsco to I
Degimal: 0 Lo 255
Hexadecima: oo Lo FF
He xad ecimal Repefesentation in C:
+ OxFAIDITB fefeisens by hex Vale
»Lach  di%it Coredponds to 4 binafy bits
F= Ul , A=lolo

Strings in C
* Sbiings @t aflays of Chaflacsels
. fach  Chatacter s encoded in ASCI (T-b%  Sfarcard)

'Sbrfﬂgs afe wnull MMI’VL&L—CJ

R‘/‘&& O(J@G{ng
*Big Endian: Sfores rmost  Sunificant be (MSR) at  Smallest cdiess.
¢+ Little Endian: Slotes  leaSt Signitiant byfe (LS B) ok dhe Srmallest @3S

o Endioness; deteimine how rultibybe doda 1S Skated in rlmoyy

Big Endian Oui0P Oa303 Onidd CSmild
L1 Jorjasjesfer | | |
Littie Encian Oni0P Onid3 0102 Guitd

L1 fejesjajo] [ |

Little Endion  and  Riq-tndian Sk Aumbels

‘ ‘.Vhon & nymber S Stored in rMemory, i binaly f(efeleSendn
S broKen  in fo bypes [ % bt 9roups)

£ X
Y7 Decimar o215 — Biary : o9l lon oo el
Blea into pytes:

Firsk  dyde: OO Nol 2 hex: £D Sbeps in Endian Conv
“oool 1ol 5 hex- 3D

© 0Upo0 s > OO

Opvo VOO —% 00

) Convert +o binary

2) Beax. mio by bed

big endian . 00 00 3B 6D ) fenrfonge  byjes dend, 4
Litle  endmn: 6) 28 o0 00 o Big/Likle Endiam



BitwiSe opefa tors .
« AND (&): True it both inpoes ae | L O and | 50)
P OR (1) @ Tree i¢ @b itast one jinpe i .
e NOT(~) : lnvertS  dhe L't 0 40 become |
» XOR( A\ : The iF inPutS afe driffefens

* Node: (IS Mtang  Troe , (0) Meangs  False
© Can  be TePtheren bed USing  Swi & hes

B Lel Opefatians inC
O Supoies hitwiSe  operabions {1, inkegmal  datetypes (long, ing, Shoh | char)
“ORtations ave applied bit by k.
3
)~ oXa1: Tavelts  eacn bid 0100000| — 10110
2) Oxb9 and 0X5S

Lo icas Opefotions

*logial  oferators (LL, N, 1) — Se dovhle Srgns
< Tread 6 wn  False, Non ze/o *S broe

«fCtum 0 or

’ USGS I ,‘y\g{(,ad (J‘p 4

UNSigned IﬂéfﬂCfS/EhCoJinq Integels

*UnSigned integes only TePefesent Nen-ncqaf\e  Numbers
Stored &S Limlg

- Su‘ﬂugd inbegers  Use Sign  bit o fep  PoSibive/hegatie

O’-POSiéf\/(,
I Native
Two’s  Complemens
Wl . -2 .
Unsigned : GZUCX)=/Z=O"" T B2T(x) = -0 2+ g Hipe
v Xt The bip oy PoSidign . )
cwe Total  hum g bids K&V tdea s ((’?0{(/5@/”7‘7% ”63 Valves

LY “H[PPI’W Lr2s C«dd(lj ]



Binaty Numbed  Proped ity Modular Al thme e

' Bimary  PolowS  se 2 posidsml  SyStem L
» Num WA af
COnsigred L o b0 2 - UrberS  Wirap oond ofter

3 T P = P W Meaghing  max  vawe (z™)

* UnsSi9ned  Arthme bic
s 0Pt \within O b0 2V-)

Twos  Comp lyment
*HOw negatie mmiers sl Stored

% OV I * Adding / Subbrotbing  leyone s
<A 1 b fesun ange, \wyamps  Gfgung
2 00000 ol

-6: 1ot Flip Sl"ﬁnaé Ar,'{'hmi:‘L(TVO’S Complement)
add 1 linon A | wel wel |

Q/& P ’1’;6

Negahve: Ll 000)oo looloojo = ~16213

oo ltioll Ollollg] = 152(3

Note: Llafqel wotd Sizes allow for
lavger Touwg.s

More bitsS MenS  pgry fang o
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Lackvre, 4 - Machine Fynd amendnls

TmMporiante of Machine Code

1) Optimize effilency , yndersianding how Compilers generase code
2) Analyze yun dime behaviovr - Zee low lvel execviion

3) Dmgrove Secufity, idendy Vulnembiliz e

C, Assemly , Mochine Code High Lew| C »Asswﬂy«?Machgfgde
«Stars with hidh lewl C- Code

¢ Then  compiter (¢lanS(ates C Lo asSembly longuvage

(wren  (eadokle version of rmachme coded

* Machine  (ode (Rinady) = Assembly & converted int0
Binaly muchne code evecutd b CPU.

* Atchitectvre - Known as ISk defmes  papie e pnctessor
eeded Lo write eSSenbly/ machine  Cede
* Moo -afcwiectote = Physical mpleweriation of  LSA

asic C LS

'PCLP(OQFOM Coonder) - hoids addiess of next insinition fo e execvied , avtomafially intfemens

.Regrs tefS - Small st Stotge localms, vsed 1o hald dempuy doda. (many et &gm)

* Condilion Codes (Flcugs) - SPecial  1€gistars, slhore info on lelent alithmedic) oy

text € progeem (o] pl.cl
CPU Addvesses Memory | ]
omnpder | |
Registers o Code

8 Oata Data text [ Asom grogram | ) l

Cendtion Instructions Stack Asserriter | o u2) object
(:_:'.IJ = /_7 b\J e
Dingry [ OCtpect program pl .o po ) ] Static Bocanes
e VN anb. " (.al
" o )
Compiladion  Process binory [

* To comvert . ¢ fik o en execuiadle

N Compiledion:: Trapslates C  indo  assemily ysing  9eC

2) MSemibls: Conaelks 10 Machine Code

D Limkny : Combrres 6hjed  Code  With [ibaries fo rake €xecvate  Prooram



Com?ilmg Lo A{Spmbfg
T 0Xenbly s aMModated by fussing  Palameders , furgdions
c dednils Size wnd  dade  yp | SPecifieS Size in ruemory

Assemug 0P o fion

*Date Llansger: moving  dxte  bedueen  pemoy / gl

- Ailhmedic: Fonclions ¢ Pefform  (RiCumiims sy dnde / remary

* Condpl Transfer:  Manaying  flow  of EXCulbim  with i Cadl ( borches [ condh yima

‘ ASaemMa: TanSleied  assembly  instiuLbions  ingo binaly  object  Code
© Llnkedrs finalze  Cfeadkdm  of o execytatie

A s N WAl
C declaration letcl &na type oode suffia nire (Sytes)
char yte 1
o Wod - : ASembles
Loag 128 ‘-'w:*h: ! 8 * Teong (o beg ,S inbo 0 whith S binaly
ong leng int OQuad wond L .
:P.::’ . . Craad word : R (LPCHSBYLMHM 0( ELQQUVI b[ﬂ Codg
floas Staghe proomeon . <
double L\:ri: procuson 4 3 * IV[[ l(ldfé l0\ {lmj 6}’\@ d\"L[j
sses (untyped pointers) [ "Linking , Procles of (reaity Exccvteble
mbler - e le

- Assertble Rolp:  Traslodes asSembly Cods indo binaly Object Code, thy mMachwe coe
i what lhe compuiect cpu executs

" Maghine code. Hods e binaty dado dhat inStack te CPU on what do 9O
(hivly optimized €05 atChileceye S Mt bo fon on)

Machine TInsStrucgon X
X desp = & Slotes Valie &, Jesqnaid by dest

Righlightes Siocng valve From one gy sper (Vfax)

o Mempry
locagan fointd by ZibA

Mova, Jtax, (k)

ox40059¢; 48 5103

v 0bject code - disassembel  back  inpe aSsemly code



R@q f(*df g/ OP@( GHJS amJ Move, x86-64 Integer Registers s

- white Side &hows FUl 64 bi#-Size o vess | [vre vk
Yrax s dne  accomulador Tegisker ]:m = } [[:"0 ""“
|\rex teia rl wt
s Gfay Parh:ShOWS  (eiter 3a-bip ey LRAX_ e ] [m —
% b [hrel _{bees [\il_i’ i
it f‘d* [t ] [\xlB 7!11!‘ |
' Bock waids ComPatability each %2 - bit ;.s., [ower ] [fere o |
fcng‘LC( _"hP‘ :"'m”\ ] [\‘2-15» . :—"“ ]

Moving  Deda

s oV Qo inguucéiavl veed to  move Joto.  from one Place Lo onother

v Could Move  fegioias, Conklands of Memofy [0Cof.oms

Opefand  Types

v Immediage. Difect nomerical  Vales  frefixed with oo $. Constonts |iKe
0X400
¢ Register: USing fegistas Iike  Jifax  of 403 bo  Slow/ rekrieve Valus

* Memoty: ReFus o daga in memoty  SPiFd by yegiseed.

" Soulce/ Deshinasion. Soute 'S whee it comes from, DeStinatom 1S whert the
dnir s vuved 4o

Q?P(MJ L0M bin ationd

' ImmidhAie — e, Same as  pcianing consiant vate to  Vofabl .

o Remslec = Regisder,  Copying 0ne  Variable 4o anpdher

o Moy DAY iy o derefedenein poitder i C

¢ Regisber Register, Simiiar agianivg wie {0 o6 defefuked potter in C

Nobe Mumoty = MemoVy  brandfer & Mot PosSible, fitsk rove daba o memoTy b0 egighg
Ten (gisver o anather  memovy .



Memoly  Addressing  Modes

s NOTmal  Addressing  (eqisier  is  uSed €9 hold  Lhe adfess, of ke dabu M rurory. (mg datn
’ feself

« In ¢, its derefuencing oo Pornter  to  agcess mlve 4 Pints fo

'DfSP’OLU,MM#, WwWey  (egshef, corBiant . Whue (G580 Confarns  bose Memory  adfess  and
Constant s an offsed  odded {0 thal  odvess

«In C, by UKe  aleNing army  clament, bode=Shaid, d SPlLarent= index

Understonding  Swap C )
« ReqiSters Contan oddresses_ which poing b0 o Valve ' memory

. 4 Tox, (7~ FSI') . 5WaP() uSes (eqiskers  to  bemerly hold ey in  rerory
7 K adleses  gVen by 7.ty and Zrsi
{ake Poines o memory
vae adfess of this oand
ab 1his Puts wrive fion

legiss ef



Lecture |0- Machine Fundamentels

- wdfesses  Shapld alweys be 64 brkS
- rax > for Lturning  valves

- Genual format = D(RL,Ri,S)
D - displacement conSlant Vaie added bo - adres

Rb- Base (¢giste, hods the base memory adfess

Ri - Index Regisia, vsed 4 Calcolate OFFSet  from  base
S - scate, MUuliPlier Used wzh Ri

Adess Compytations

Expression | Address Computation | Address |
Ox8 (yodx) 'Ox£000 + Ox8 | Oxf008
(rdx, Vrex) Ox£000 + 0x100  |Ox£100
(\edx,trex,4) | Ox£00D + 4+0x100 |Ox£400
0x80(,%edx.2)  |2°0x2000 + 0x80 |Ox1e080

Atithmebic _ond Loaic ORefat.ions

- deaa Sfe, DSt ; Calculabes an  adiess USing  Yiven adjlessng rode, Stores 4 wiéhové
&Clensing memofy

CUSLEN g complex  adfesses 18N (Zodi VAS2), syax o1 adies< val in rd 4 2%

val in rsy
» Two-operand instructions:

Formet Compatotion o Shiff OPUOVbl'UnS, MuLEiPies gy, See valves L}r

Se, Dene Dot = Dot » Sre MU”’\'P]&S of 6W0 '
S, Dest Dest = Dest ~ Sec
lq S, Dest Oest « Dot * Sec T
1q S Dest Oest » Dot << $ec Alie colled shig ©imlg - molitlies  dwo iiger  \mlves
g Src, Dest Dest = Dest >> Sec Arithmetic s Sala -
Sr¢, Dent Dett = Dot »» Sec legical
£y Src. Dest Dest = Dest * Sec
See, Dest Deit = Doz & Sec
S, Dest Dest = Dot | Src

= Watch out for argument order! F\@Q\;‘Bﬁcf JSage

o Acdiy s, degx vSed  fol  folbom  amgymenys
Note: ComPried  trargfom’s  Stakements [eqpiessiomns Al % gy Arex] vied || Sifing e P
Comprler  Used My inGilion. Compina biog,

Shité (eht, mwlfipies a Wl of
I Yaued bo fower of Shifi om +.




L&Ctur& |1 - Machines Control
(oadition (odes

*Conditron codes are Special Single bit Flags, {hat
SLO‘L éhﬁ feSulé of a.r.'thma-,‘c ofe(n.h‘aﬂs_ These COJU.) conéml
conditional  Flow, [ike jymps and $6ufh

Condition C ode Redisters

CF (Corry Flag) - Seb ¢ thee v colty €rom  msb. bSed for  ariihmebc

ZF(ZM Flag) - Set ¢ fresur is O, Used fof  €aualidy  Comppisons (X ==9)

S F (Sign Flag) — Set i¢ fesuld is negadive, USed when Siqned  arithmegee

OF (Oweklow Fieq) - Sek (¢ EWIS Compliment ONiEhMELT | Siqud aritimety OVl Flov/ detestion

Nole: Condikin Codes are avtomabrenlly Vpdated ofbe/ on  Ofuonton like odda, o Sube

Explicitly Sedtwg condition  Codes
P CMPa - conpus o VAES by oo i (B-B) =0 Crpy Jrsi (tdv-rsv)
. testa - Compotes wiwise AND (4%8) lestq /o fax, 7 rax

Reading Condipion  Codes

D Setbing  Single byie in  (egester

2Y Conditional bfanching (i x instrictions)
3) Congidiomal Moves ( set X in§ircsions)

Set X Instructions
cSet X inStrucdioms  Stofe  condition Tesgits idto o 12)iSter

vonly afferk  lowest byte of a (@St E}—

Seex [Consition [oescription : Cmpar 7051, X(di

sete  2F [Equal / Zero , sthg Zal

setse ~2F Not Egual / Not 2ero

lsats  s¥ :Ncg.mw Movz bl 7. &, 7 eax

sotns ~SF Nonnegative 7 = .
sety  ~(SP-OF) 6-IF  Greater [Signed) | £ X7y thon /O 1, ee <0
'nv.-)o I~ (8F*0F) :chm or Equad |Signed)

:acll :(Sf‘OYJ 'ln\ {Signed)

sotle {srom |zr ‘lﬂ! or tqual {Signed)

weta  -CFE-IF [Above (unsigned)

soth - 4 Below (unsigned)



Conditiona | Branches (3x instructions)

return reswit

- Gondidional jumpS  fthat execvte besed on  condibion Codes
" Cordtios Decrption LX
L ~77n CP8U Lt Ztd # ompre X,y
e Lo ot et | o 2 . .
o s J9 Onaty #Jmp F X 7Y
1" '-Il :i-q.w
1. e G (gradt
- S cILE  jumps i® X <=f
i Tiarece ity :--—---.-nq-u
1. :'l"l " At.o— Pt ad
LoopS
cLooPS in  Asembly langwige  Conifn) Tefeate) execotin of code
Using  Conditional Branches (jx inSérugsrons)
) Do while loop
©d0 while looP execotes ai least oOnce bedolt Checking  Condréion
c‘cu. Sote Venten movl $0, srax # result = 0
g peewnt b ieng presms_gete
Dwnabgued leng o) | funsigrad Lony o) | L2 § locep:
:..‘ M- f'," weunit = & Loo? movg Srdi, Srdx — wpy x to X
el iy o el e 7 andl  $1, %rdx ¥ t=x4&0x1 L p=z€I
| while 0 APGa) guta Lesp addyg frdx, Srax § result += ¢
A TRTAER Peluln : reUurn resslt Ih!q srdi . x >>= 1
ine L2 # if (x) goto loop
« Kty puint? alwawy my odleasi once befdfe & i
i€(x) 90 o loop.
2) While Loop$
¢ While 00PS Check  dne  Condibion  bedore Tunnwy e logp
2 S Sraie € Code Jump to Middle
Loty poosnt_wiiiie dang peent_gote_ i
WA o —y fonatgoed loog x) | {enaigred loog x) |
. - > oS .0 -0
oy Bt :T:o l-)“: ;:?o ::::" 2
Feanlt ew & o8 a3 Lecp
x b= ) result v= » & Oml:
| . 1
PUsts jomp bo middle lrassiatim || e s C‘:::.f....
|

3) Fof  LoopS
* When Yoo Know e artd OF Jimes,
for( initialize, test, Update)

Yoy Wonk to  op

“For” Loop <> While Loop

Far Version

(e Ber, Cipstadw |
Sody

.

o0

wi

» 1)
Socy
Lo




Switch Siofements

. allow branching €Xecutiom baved on o Vorabes vauk
v In osembly they er implemented Usig  jomp  3aile
clefge  Swikh Statements  Use  «  jump  Eable

o Myliisle Code  LabelS - diff cax, fame |
crall  thiouph  behawow — Nex# cuse
« Missng (ries - onreachable ?

Swvkech form i b Twgets
setbeninl | sead | eyt LLl LU PN
A[’?T‘OMh cans wal 0 —~p— °®
[T — ~ L
) looks vp UM dmble vsing X ay  index Shoh Sk LD 20192 [ooa seal
2y Jumps difeclly” 60 case  bilook RS : BE
3) fXevia ode  fof that Cese lCanrsy Targe-d i o
“USC jmp K b Execur,  Swibth Gse "““’;"_‘1‘”"‘" .
e - i
T Jomp buble Stores addresss OF e leubels .
Tar11 oot mut
-3

L> ‘Base  odfess
- Dicert imp adred

»Indilett Imp X
T e |11 w= Yz - (oSS Can ave  dentical  behavious, Shaing
13 assembly  Cody

move,  AfSi, Jrax  #9 ]
jwmyly  ATIRX, 7 (ax  FY¥2 - Eath cuse covfesponds o o L2

ey



Lectuie |2 Mochine Plocedutes

Mechanixms _in Procedures

*Passing conlrl - moving from  Procedon 4o procedure

¢ Passing dota - afgommés/ reburn Valves

e Memoty Managermend — alloCale [ deallocajc Memory  duiing  extovdion

o Machive  Ingtfuction 4 wsal  eokan |
irRmen anpem  ~ O U net § Sy from X 96-Cy

Stack Slrutture

* Slack (glows towacdS lowel remoty  addlesses
PRSP feqister point do doP of S iack (lowese numericar addfess)

* when dafa x Pushed onb  Shack, fsp s desmmented 60 —2  fishg  Sic
mote reom ol duta Gt fop OF SzacK.

v wheq doda is PofPed it (tadS  dava  hete (3P poimes g0 7 PoPa, Dest
ten 1P N Tnclempded

C -Code
e MoulgiSiofe Function Compuices
Passmg Cantm) A ol ey M A Y I
‘ i - T dun Spres  results  in dest Pomier
Code Examples ’ Sviod
" ASSmHg Code:

Psh/ PP Commomgs Save and Testore ThX Valte

(allgy 400550 Smulkzy  Caus wgly 2 Fynopion
Plces  vetuin  adress  than | Un®s

¢ Calla, decteases SEACK Pointar fo maKe Space

» (aller - prepags FonCEo" Can Lo pyshing o
SHucK
o Callee- EXecwpes Statk  Coftectly 1o ensyre
CLovin OdveAS S frsed

) alurenis Set op in (@giSiers

Procedure  Dote plow led 2 reisiees
. 2y rwit s caled with TEFY
’ Rdafs&frrs have Firsy 6 Dvrqs P‘(Sﬁd ) Yetuins vn Yyax
' Jeturn  valvey Siered in 7ax %)) Moves fesull ¢ram x40 rMemory (Olﬂfa{ éy
Slook  used Fof ¥ond £irst 6 oYM poifbes



Stocl  Discipline

¢ Manrdge data  gof h'YVu'f;l'J bime

v Eooh Procdor® ™Make wew Stoek  tiare

o alpy space for itS  sfqurients, 10l variades, poitters

Call Chain Exompled

- Yool) = who() = amI()
. imPorfant fof (ecurSive fomchions

Shack_Frames
*Contents of Staci Flares:
« ety information , retun  address

- local Stofage, Procedures using local Vars oare Stwd here
+ Tempomly SPate, yyed for termp  Caltulations

* Allocation: When "3 Pméedt/fb s Called new Spack frame i made
MCludeS Space fov all OF the abave (push by cal))

v De aflocation: Stack Flre s ferowd
* Nobe. In nested Procedure calls, ¢ mew Séack  Framg
i Creaged for cach fomction. sese and  Zrhp gets  fepointed.

' When Procedures  tetuin |, the  Stagk o5 deallocated

*(LE USes  fefuin Fmctiom Jomp X fo  Calier

Typieal  x86-64  Skack Frame

P Cotend  Spare Frame: Contams local Vafiable, pafameiess £ov fonciron

o Caller Stack  Frame: Consisis ar  fetwn  odress  and arqurents Fol  Ehe fmeson



Re qistdef  Saving ConVentions

*(aller s the fonllon making zhe call, Callee  ome deing cated

* 1e9esters zom  be for demp  Stofage
* Caller Saved (€9:S bers - caliey  expecks  May  pe moditced )},
be Calie and  Suves them e yeeded  before  Call
¢ Callee  Saved T4iSkis - Calee s TesponSife  fof Sawrng/restorng
x86-64 Linux Register Usage #1 e LASP S SPegial as vb Pitgs to
P of  SiacK.
Sy P —
s Gk ([__sxa1 Caller Caved (voladite
* Can be modfied by procecure : trai I Cﬂlltrs 723 Pa"lSl'b)’h?y
o ved, ., 4r9 . e Shue
@ Argetsonis & | rrex
. s
e e
s Axl0 vzl o j' 4‘—{1_‘.!.—‘]; l non VDfﬂl-‘lc
i e L gy e
g eture resw'ed
Lllmimmn_af_ﬁzui_man_ K Resuls edurn i
¢ (eturn (X £) ¥ PCoumpf(x721)
oddS dhe ISh of X to rewié of o (eursiw
feeosive Call  vwith x Shirded 19ht by ).
* Telorsion pnwinds§ , POdifieS  itax gor  fedun vals
* fmCtions  Clears  ve  siacK , retuins ko Coumt 0% | gis
S U MMary

v Each call has

Peivate Stofege oNn StacK

inclvding  squad 1y rster/ Local

» Reqisler saring  Conventins, Croeias do

OVerlury Ling .

o Call angd

then @ s} Cortflebe

* Muyfval

recursion,

Ve by

Ensure  no

fetoin disapice, LILFo, i¢ P CallsS Q,
and  retvin besse

VA (4



Lectyre 13- Machine Affays

One - Dimensional  Arrays
¢ Seavencs of eltmenss

0¥  Sare tyPe, Styed m  cContigowly memory

P artay T ALY (ongrsts o of o Series or  datn bvpe T, lingth L
C MM qugcaton would  be L * Sizeor(T) bytes.
B

Char  String(n] - 12 brées

ik val[s] - Seens 20 byges

dovbe [2] - uses 24 byley

" Indentifiec o an ormy ci0ld be used as Pointer
40 Frrsh Clemmt  OF  ofrAY Base Alo]

e P e e g S 2

advess :

Zip_ 49 (8] - defimes new eype
(efs ofray of S mes

» Reference Type Vakoe x * Zip_ g Cru= 51/5/3/ ‘/2/2 incbiwl zes afray OF 4ype
val(d] int 3 b
val s » zip-dig".
SOl s 2 .
valld) ine ’ Re%r%éf AL ff/l COVL\{aiYLS ,S-[aréin9
".:.:.’;, :: . A,o(olr?é_s o¥ oTray

« Reqister ATsi confavs &ifag index
. ALty 00PS  have  inclemental  €oth
clement Uses jmps  to add  do vars
and Compure,  <acln S telalbion,
My l4i - DimenSional Afray f
* Declacadion: T A[R] [C] ]
+ R RowS, C colvmns
e TV T elemenss feawte K byes
Aty Sizet R K CKK bytes N
call elemuds in Tow, Stotd Congigously
ez iig pah 4] equivalentto “int pah

* Variable pgh: array of 4

* Each element is an array

elements, allocated contiguously

of 5 int’s, allocated contiguously



Accessing Elements
» To atess (ows  AL7]

e Shiting addless A + 1 K(c ™K)

Boased on Tow nde

’ Ad(JTQSS Caltylebeon:
()]

and

Muldi -leve] Afrays

" Poinders that  point
+ dynami/ompex  ds
int

“each thmert n yniv

“ Memotg  Acess . involves oy
l) alless  Pojnfsl

2) ySe Dol 0 OCCerS  Qctual

Size

A+(i®C +j) KK for

defefelencing
o bare array

'Fﬂ( ﬂXY\ Mq‘ffl\}(@ , Can

of¢ cach Yol

'F{XQ(J 6 by 6 rmgtrix
ali) o) he> mMerovy  adivess

At+ix(cRh +i%K , whp

lo obhr afmys

*vnil/[ua)umlz $mid, Cmy, UCh%:
Poings 4o omother erray

Sters

inkeyer

Nested array Multi-level array
'
int get _pgh digit int get _univ_digit
{size t index, size t digit) size t index, size t digit)
|
return pghiindex) [digit]; return univiindex) [digit);
|

| N
Lil:ll)lx”.’ll’lﬂil‘l

" »t e 1he it

Accesses looks similar In C, but address computations very different:

Hem{pghrel ingexr4*0agil]
t

”V'; — I" - ’ S ‘ - !‘ + ' . ‘
o % Papa i
B JE———

Mem{Mem[univ+8*index]|+4*digit)
- =3

T

Sirge sy acoess

| —— A

T

Doubie sCess Lo memary

hangle
casier ebnmi access | Junaric fesizng

¢zl 5/ K.—;‘r



Quiz 2 Prep
Callee Saved  (eqishes :

21b,

Z0vp, 2, ns [ Musk Saw Jrestore i€ modified)

'C“”@r sﬂ.V&A ﬂ’-ﬂ"SWS: '/-r“ﬁl ZFCK, #(dn . (tall&( as%umy will be a_“qu ;Y Cﬁ“&@)
'Sacl grows  for1 higher  mermoy  addresses 10 lower
*oddy o incremses SlaK poimged , bvi rows i, vB, ShenKiny  Ovall  SiacK
s SUba deLieasen S Poyniel | Move ko gy a0, Means Stack  ¢hPansion
leasy i wsed bo  Comfue rumoy  addresses

QL Stue¥r

Callee  Saved : (6, Tbp, (2,015

K i ded

&y odlesting wmode: lalief  Gawd: fow, frx , fdx

{vale - vale

Z leqisyel Ve € fyg

(X(egsiel) = vatie € memory ades < walue

L’( Xrax) 2 085 AP el i % ke mewry  agicss o eind fesuly
CZbﬂ—SQ ZiW/ SCM&) -7 ba—SC + MdeX K Sl gives oddresy twen FfKJ valie,

dB?MWmt( Zbose, Zindex, Scale) 0 addles i buse findm Hscal + dSflAnont | oS adles 4o Yoy Valy

D
Movq, | ( 7-fex ,xtdx,8), 714!
bybes £roM pumory b0 (Qisiy

MoV, = mgve &

NALY 7.rdR,¢)
= J/fex + [ ‘7'(7'1-(;)( ‘k%)

2) addy  xw@x, 6(rrax, zrs)
- 84d$
6( 2 rax, %1si)
= 6 (oxlio, ox0k)
=6 +oxlio Foxph

oxol 4o —

= ofFF +1 + loxol =) Z0K120 —3 add  sux
= O0KFF F | + oxo8 Degy: oxizo gx2zpA |t ool ¢ 0 (228
= oxl& — ox70ll | Jest = ards
2) Subg ~l6(#X),  zecy 4 lend, ox%o(rrax, %cdx 8, /(s
(71ox), (xrax, 7cdx, Y 6) anda oxer, ()
dest: 7zeex 0xllo + Oxo| x¢ degy: ox [0
a y.(al,( _1: ox3o (0% 1) fefFotn Bitwise  AND
<oxlo - dest=esi, sx30 + ox ¥ ®
, F = 00
Zoxloo —) OX 0SS soxiyqg ol tad Omoor- T
hemly &b pxllp 15 O% 0004

7% - gx 0p5S
OAFF -o0xo0%s = oxAA



Q2 Pructise

i%4 Oftiotion IS in fofm of:

; 3 Mova, 7 (egister, Morwly odfesy  ede = rendl)
COEOCqiter i bemg modiried  UpIMe  fedsier  Valu @ . addiis
CiEoMeROy o fam medeed o Upale MUY Lagafion addy  Memdfy |, Aleq9iSky  Desk: Reyisia
MOVe, - LoadS From  Memory — fedieq o4 SoxoF, Yfax - Bitwde ol it
addq o oddS 40 wmemry or feasper ory  QoxoF, (700X) - Bitwie of with

. Vatve rn mmary

SUb a7 Subjrals oM pemoty o isia e s
ey 2 Confre adless
anda, 5 Bilwise AND

D mova, zedi, \(y(cx, 21d%3)
|(7.fc1_/ '/,T‘JK’ 2') Valve m“[/ﬁd /0= OXog
= 1t (oKFF toxo0%)
= 0X |0}
Dest: 0xl1o , value: o0xog
5) orq $ox0f , aXlo('/,chx)
or oxlot oxlld D leaw  0xso( vrex, vrdx, ), %fsi
so0 0000 sops []||= 0XI120 dests Zrsi
0016 o 10 0000 1glop x220A value: ox50 + UXFFroXol x 8
0010 pOla oppav 111N o x167
= 2
e = 7 ° T (omQules  werwry  oddless
DeSt: ox 20 L/_\M’A
2) oddaq  b(rrax, 21509, ALsi
Dess) A Merory AddTess  Valve Reasster Valve
valve; 6 ( xrax, 70s:)
‘ ) DX 200 60060 7 tax 0x200
= 6t oxlo ¢ 0x0
0 xng Ppe proas® Ztbx o %5
- 0x
(RS + odd 51 valve i) addg zrbr, y(7rax)
Ly  oxo0A B + oxa2 Dest i w memory addfess
Subbraet Z bxpoA D Comjent 35 gqoing fo e Urbr + T(7.Tex)
® svba 7edx, -16(7rax) Valve = 4 + oxion R
dest: -16 (7.rax) coX 204 4 7Mbx
- 0x004
-1 + oxuo = 00010 45y g
= 0X00 45
= 0xl00  contarns  Ox0sSS
0XKpo$5- Oxol =a¥ Q064
Dest: 6xLoo
vaLle . 0xopGY




Q2 -PlaLkse

) move 1(7%rex, xedz,8), srdi
Mematy A ddfess Content Rogisper  Comien* Dest: 74
9 ox oo
0X 100 6 x0030 Zcax Vaue: OFFt (ox01 x8)+)
bxrioy Ox o040 AL 7 : lox 08 )
bxlo® b x0050 7 (ex e — ox70l
bxjoC 0060
o Y ordx s | D odda zedx, e(xtax, res)
Dest: oxizo oxllp + oxoh +6
) adde 7rez, (70ex) Y Svba Zrdx, B(Zrnx) Toxith
Dest: oxloo / Dest: oxiog Value: oxol 4 pr20A
v val. 0X]
alug:  sx%+0x0030 ) = 0x20@
= 4) moav r.eex, (7. Yox
= Dxoo32 & ¢ ) Y Sube  -l6(vrax), 7 rcx
?) move, %fex, 4(#ax) Dest=z 6 X110
Dess : oxloy Vales |oXFf Ok | Zeer
Valge:  6xltlo - 0x10
Valve: 0xy %) addu 4 0xo3, [".rux) =0Xx loo
1o = 0x0055
7) lena W Zpex, 21d%,4), 20 valte: oxe3 ¢ o* ~0kFF = 0X0OSS
12+ ot¢Ft0%09 5 =o0xu3 =0xAA
- €5 - 6 xllo
- i{:””"" 4)  lesa ann( /. rax, 7.1d% 8)  srsi
bestl wig 6) Suba 751, - 5(Jrax) Desd: %esi
HRAY - Ito
Vate; o iF Destioxies -3 + oxie b L 2 B e £
z 6Xlo8 2 0X /I
8) andq, § 0xFo, (¥ rax) velve:  orx0y _ 4y04 “
Desé: 0x Lo ) suba  ox lo( 7fax), Zfsi D mova o (Aex, vedy, 4), Mk
. : b
Pecknm and  with Dest; Jzrsi devky ey
Vale: — oxw - Mo T oXWo 406X04 +4
° 111 ooag = oxlop J
| oo oo soxofEs :“L",.M
) soda Lurs), v cax
0000 0000 =7 0x
oxez + bXlo
value . DX \w = 0XI12
% Myn malix: 1236 by{es flemess in Madrges
Sala, 86, |» rdl swigt |lerh| 7100 L) byl 6 4B char ALAT(N] - U brie
swott  A[MI(N] - 2 byie
L zroi =1 x2° - jxé4 (3 (#1]
Ls mE AIMY(N) - A by
Y Eath v takes VP 64 bytes ;
5 Bach ry  {akes 4y Wies, cadh Clement dwbl@ A[M][_N] -8 “3 P
has 4 by#es _"__:r 216 s eat fow (oncj A’[MJ['V] _ % bydes
has e Clemep s ¥ of Cols s 1§
Movl MM zeax looding M by ([=lowg) Clement indo 7 eox
2560 bypes
A+ (atdi) v (nrsi m,)
] ; . ;. 8 .
A ¥ b40 ¢+ 4-) ¥ ordi = bx2 - 32,
JTeax = A b6 + 1)

= A #1060 +))

L X 2 A

= 8+ 3 (4i+d)

Con firm$  eacn faw  has 1§ Cors rovy B( 700, 1155, ¢), 2 (o
~— # of by Pel Clem
230
29 = # of rowd # ot f0us =  merry N= tovSize
162 H T3 x elem size Clem 3z
=2 -  25éo
° Hxg = (o
{owS= Zo
[0 ]

clm= g



43v2 qom of _  ToBM mumery To ta1memry
1290 } 45 (s fow S<tec #pem coly sz‘lnlf;:c
yie
- ° . e 2L =
saloy  $¢, ~0di # 2 SWH 26 0. gug ndi= [ x &z el sme =9
/ g 5 . Jearz A+ 3Zi+d)
movay A Z0di, 705 ,8), Z€ax  Fieoxz k+ 64 + 8§ 2 A+ a(8i43)
fu =hA + 8(giv5) )
12g0 _
Te-a = 2%
Longs ofe § ites: 64 _o
z =
4 06 cole =g 280 R
# o6 fows = 29 £x3 =
7 o4 Size _ g
€ (M
@M - Tnterpreting ¢ vs  Assembly
_L (pde
long 100P—| ( (g %, long “1\
¢
long 22 1 # 25 defagt Sev oy Zz=

whilg (xs-j)g # tondibin

2z zX(x19) # z is caleviaied vy 2 and § aysiamed nas val

X = X 4l # x5 fnckmented
3 Z: 1 xXq
Z=’-|Ix-—7_
febvin 2 .
3 z=4 %x(5)
2=20 ,x=3%
For y=1,4=3 z=z20%[¢)

Nobe: 7 does mot chenge
and enly iy fetuimed aonce

bﬁu 0y
Loop_ | ¢ # Function name
movl 4, Jeax faxzz=|
imp L2 _ump Lo chek  condition
a2 LY

#roves | Lo Zeax fegister
Whith - holdS 2 intiany

# ChelkS  Condition, dve o
While 106P behavionr

leaq, (#1di, fsi),
imule,  Zfdx, 7.fax
adde,  §1,
L2:
emeg, Ze5i, 7 (di
e Ly

20di

227

Slafting Point  for_(oop
VAT dx =% 1Y

4 Cerumbel Ko just Compries

rax= z * (1+9)

wddiess
# (eflesh

on ingla, MUl Sined

(di = X 41

(x-9)

CoMpaft X ond y
v

_Llosp when xey o

tedying  funcdion

#inlitment v

# (onfates Valves in eqisde (s

S and fdi and  Sees if
X-'j::o
#i# x-920,jump40 L3 Tlg
menns  jun?
i# less hon of

taml {0

nUMbers # rax = fax & (@JX



Q5 - Moy adwenced  TrapSiation

¢ Code

long blanc (lomq x, long vy, long z)§

long va1 = 2 +Y +2

it ( X5 )
ift( vez )
val= A *Y
else
val= Y Kz
Jeseie C x 10 )
Valz g%y
fekvrn Val;

tmpa §8 , xfd/

3¢ .12 means  I€ X¢g
Contimug

Ofdef  Madiers in yo opeiend

Asstmlly Gde () 0yt 4 in 2rsi) 2 i 7edz)

L,fanch:
leads ((7¢di, 215i) , #10X  lmgvalyrax= ¥ +9 v
addq, 7Zdx, srax longval = /yax: X#4+z V4
(miq Ss, Z1di \2 1f X325 wen jomp k0 L2 of xth /
7Y
* Jjge L2 /"
tmpe  7ed%, s I6 Y22 fuen jomp U L3 07 ez
1 Conéinve
¥ JJe L3
movdy  xcdi , #lax (X2 X
. = x
imaa, et ufax fox X 3
fet
L3
movg, XS, Zrax longva = y
imyle, 7,0dx, 7.fax Wwuwy Vel - (ongval & 2
(el
L2

dvpws| S10) zedi IF X LD, o 40 Ly RO, Conginpe
Jlg .La z
movg Zrdi, 7(ax else: longval = X
imuie ydx, *fax longval = (ongual # 2

<Ly

A\
fet




(o in zedi, b in 2csi, ¢ in Zrdx)

Zax = atb ~/
yfaXx= Zfox tC /

If 0Z10 {the conginve ,clSe jymP 40 L ./
1

2 If beC, fhen cominve, cise jume /
q 40 - L3
' AToX = O /

zfax = ZTOX X b /

fetvin

2= b ‘/

ztax = L1ax *C

fetgrn

107

v
I€ a > 15, Conbine , clse jump f0 19

sraxe o VY J
vian z 72fx *C
fedufn
—————
] Dran { ] a, r I

2L Computnr Astbecturs



Assembly codde

(xin l, yYyinIx

(X i 7cdi, Yy inzsi)
veax = |
Jump Lo L2 (loop Condiiion)

2tdx= * 1Y /
7 fox = 20ax (X+Y) 7
X = X+ |

Compare X ond Y
l00P when X< Y

¥ hyfn




Q3 /wvH Loofs
L Code

lonq Loof_2 (long z, 10nq y) §
tong 2=V
-FM(X= | 21555 X+4 )E
zZ= z X(x4Y)

E

etvn 2

3

C Code
o Joor3( Lomg x, lomg 9)$
(Dﬂ9 2=l

do §

z= 21""'1)
X= Xt|

Twhie (

fyrn 2;

x¢y );

Assmug Code

O inztdi g gn zrsi)

Jenx=|
compait £y
loof when X3y , L2
Taide ( -Lb: 7idxz X4y
o6 oot xfay = rfax X (+3)
X = X+|
Congvbion: Xey
90 bagk op 40 . L3
12t
et ThiS X fetuin Code o e Siop

Conditim for  tht

for loop

ASembly — code

ey
-L3:

(dx=

x| -

x =

Lompare

=1

A1y
z H(x+y)
Xl

x and Y

Tome +0 3

X3

x %Y



) Add/ quptracy opela tions
Dest: 7¢di

valve: 1| + OXFF + Oxol * 3 / \
L ooxlog > 0x701)

oSt v dest s fegisger Cwre 2: Dext is minory
Valte (S added/sybifacted .

2)  Vali ool o b (@34 content pl:& :Vlmorg/d rend
D Stored  back :W‘/ "‘A'\J/-(’U(?tf/«t{
€5t: 6+ o0xlio+ oxoA Cottent dp it a Slote

—> Valre FF - 55 =A4
= oo dont 299 back.  fesuly
_ Content  Eo od®S
= @ oxlzo = 0x220k ook valle, 9 ber
D sube,  -16( 7rax) , frex Then  odd M/

L 0Xol Lo ]
Dest: 7cca e o Twis 4/~ that
val: —16 + oxlo szzoB

zo0x/00 - OXFF

= oxol » 0x00SS, FF- 55

=AA
1) lena o030 (A, 210%,8) | s

Dest: rsi
val. 0x t oxllo + oxod
: @vs. oxl7c
andy  $oXoF , ( 7.fux)
oxol44

0000 oe00 || ||
000 wnew 0l10d
0000 0060 glgo

= oyt — OXooq
Dests  oxllo

b L y este st
) e ) Dest: s ) 0 :
Val: 0xso+  OXFF +0x0g
voLl: 0X0% vati b+ oxug + ¢x02 = ox157
V4 OFF 4 s ) o
ool *9
= 0x03 79%00AB [+ oR, I5) [ p 8
_ ety xoleqt oxio X120 — 0X2Z0
E—oto = 0X00AD Toxs4 y
D :
vi?fa::zm D a ilkd il
Dent: =1oxX100) val: 0000 0000 gowg NI
= 0x005% vo10

0010 0000 010
0%x0055 — 0X0 |

(AN
= 0K 0054 0010 vola o000 |11

= 0Kkz20F
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| ectore 15 - Machine Strvcture

Srucdure

* & Struet in ¢ i5 o block of remoty that  Contarns mulbipe ¥ields
c Fiads alke odered as dedared

¢ Compiler dtierm nes Size ond PStwms of FieldS

Mﬁmorg Al(gnmen{—
* Al ned MeMmory  SpeedS UP Glless and  avoidS CPU ineffecCiencies

& Slrucd §
Char C; | byge - Compier addS padding  do sutisty alhmmyg
ik oi(2]; g byies
double V.
s b
2 kP,

o B0 Plimitive datautype leaviting K bykS
bwe oadfess  rmusk be Mulbie of K (2,4,8)

Atvays o€ Sttuctures

"When  Cleating an afray of Séructules , cach Shruioe st be Popry  olignel

“Lam  Stwchue in ke amy {e 4% bygey o5 (omPiler odd§ fnn‘a';'l’lj
*Compiler  CalCylateS  0F¢ Sefs based  on aquhnmzL, alignment affetS memory (ayout

+ Shwe Stace by feotdefing  Slyyet  inibializ ers

Uncans
*Union  allows  Jiffefent Variables Lo Shate Same Memory (bu% only one fied at a {:‘mo)

“Big Endon  (MSB Firse) n 34 S6 1% {sparc)
- Lithe ¢ndran ( LSB Firs2) 27§ 56 34 12

¢ modern CPU'S  wse  lithe —endian

l()aéfn ;
* Floating point Registers: XMMO to XMMIS (can store 4 Single -preision/ 2 sp floats

+ FP Mevory  (efefencing,  O-(gomends  PosSed in  PLgular regrstels
*FP valws pasSed in rmm reqrstess



L ectvie 16— Digifal logic : l0gic qatcs

bengral  Iniro Appiications —
. Algorthims -
cComPuters  ate bult on myltifle abSéfaction \ayerS —
Programming Languages o Dm—
* Hiqhest ey ( Software  side) " =

Openting Syilerms
Aower wve (hordnae 599

hstruction Set Architectire

Cah layer depnds on o btiw it

Microanchitecture

cTSA( InStrucdion  Seb AtcheticCture) e .
\} Logc Gaten
The Stk of inStruckrons o CPU  yndestands oot e

' OMICTO Afchetecute - design of actval CPU that Phyves
Crukes  those  inSiructions

* Hardwofe/ Sottwale  must  ellve  bog ebher
+ Digital  logic  gates dictate  limits  of hoatdwefe  desigh.
sy b1OnG s ders Shimmk , we W% Phy(rar  1iwm/Es.

«Logic gades (And, of, Not) aie fopnfadron  oF binaly  Computatbio
* CPUS  butly osing  millns l09ic GakeS  are  Complex Circurés

v ‘”tfimq; of gukes  Jifdly impalt  processor  Speed ond Pt cotSymplron

quuffsfl[ LD%[C Cittvis (DlC)

* DU ar bt uSig  Llansistoss in chips

o TranscsSdors  adk a5 a Simple  Swisch {hab  Creak  logc gales (Am/,or,nalj
» Boolean eX Plession  descyse  Cafcort s fonction

' lomplex Ciicots  are  buily  using  NOhwurk§  of  Simple  logic  gates
Tl Jigigar  devrces ore  builk using bitligns  oF  Eransestors  fo fotri logrc g9ates

Pimidive  logic.  Funckrows

'I"‘!EC Yales faKe b""“’ﬂ PSS [0 or l) and  Prpdute Ll'llnrg ovipPuF
*ades afe fepefesented  USing  SymbolS

Trvgh  bables —> all  poessible  [APuk /outpuk  combos

boolem express ans —>  Modk vusvn oF Logic

A- and
ez ol AND OR NOT
T - nefakion (not)
a a-l
— out ~— out a— >o-out
b b -~

out=akkb out=allb out=!a



NAND  snd  NOR (oa des

« NAND - Not and , negates ovkpui of A andB

<NOR — M E OF . hegndn ovtput ae A or B

*Drawn  wTER Small  Civcle (imeler\ at ouipu

« Mobe: Lvery othef Guie O be  Made Using just MANDS

Multiple. Toapur (ated
- Somz gates  tare wmote than 2 inpus. (a,b,c)
*NOC3 gate  outPIEs 1, when a,bec 1S O

‘hote inPAS > more  Conpral ovel

104,y ofefaiions

Bit Adder

*bit odder is o dgital Citcoit  Used fo  add binarg nombers

‘Pl addec e 3 inpris  fuo  osgpuss
5, = a1 @ b & ¢

“ g = Lar Ab) V(b Aer) V la A er)
i¢ LD‘IA bits d-nc/ Cary

afe 6, (eSulfs cn Carre

ovg

(.

o, = FiIst b
b) = Seond  Li}
Co= CAfTYy in ( Previovs cairy)

5 - Sum bié
Gp=C(nily ovt  bit



L eCtute 17- tombinational Circuits

Combinaironal Citcuiss

OVer viegy

* Combinat CifCuvts age

LC, whee onpw detemind dy

Cotren ivput  Valves

* donchiona) SPeCifitalion; describes felationski® bedween inpoks and ovepas [UWLg boolean exPlestiod
P AMNG SPeCificagim: defines (J1aYS Vebueen jnput Changss  ond ggdpot wpdates

P Mo memoty /pry o bate

+ tan  Uyse diff  Combinations lo ge+  Same [0t
! Sl‘y\?le / | ine means num be/ ndreabes 6 bU)
Rules ot Combinatronal  Citcvit  Composipion
© Cifewy IS Combimalmmal of:
D fach Citwit s [1Sel¢é Combinationa)
vy €atn node in CTCul o5 cithed  jvpup  or  conneched o oMy one ovbpyt
3) A9 feedbacl  loops Al ernan
|
Note: Loops  Create  Semuendral  CifLniés, ;
Which Wed wempty  elemests o 1
|
Which S Sea,ventrar Jogic ‘
ow do buil) Combinatimal cilcut
N Cleate 4rkn  fade
2y Boolean tXP(e35ranS  based on  T.T
5y RBoitd Circuie  USing  109/c qates t0 fmplerent  beglan fonchions
» Terminology SoP Foim
* Lteral a variable or its complement {inverse) cway o CAPRSS boo | wn Funct cons USing Mnded
* Product {or imphcant): the AND of one or more Rterals MinkerS et o pp- of Logc ba
* Mintermy: 3 product invodving all inputs to the function
* Sum: the OR of one or more Iferals < wlik terms with O0FPut as Y= a5 mintermg
* Masters & vom irvoiving all inputs to the function ‘L)(
hs winkgim =T A ‘ & ‘ y Middems: whete y=1 afe
125 ™o 6] o| o 48
Y= 4B L AB ol 1| I Vo A8 L 470 AR
B : d I AB 7 = £ (rm,imz,ma
Means  Az1 gsl of Aws g= ) : )
. | ,




Foom Logic 40 (Circvies

~any S0P Caquatpn Can be dfawn &S5 & Ciltus

- s
D Diaws mpub varcables

2y Add M4 gades  for  ComPlertenied
3) And goages fol N Lalms

vriabies

4y Of gare ¥ Cmbne au  mintelrs.

*Nobe: poe alweys  ewsiest  Citcure

BOU lean  Algebra Axioms
cAtcoms dekne  hovw  binary

Variables behave

(/AHO\»S ¢s to  Simpliry  logical  EXPresSions

T e s C—

De Mo9un Theofem

cHeles  convett  betueen
0Peqations

and ayd of

USIg invertess (o 9ates)

1.) NAND — 0R Witk invesran
AB = A+8

LY NOR = gnd with

AHA"T

NAND

(nverhtmn
B
NOR
2 ' DY
A
B v

Simeli fying Boolean Expmssrons

“S0al (S fp reduce nombes of tems and
¢ Sop cXplesSion 1S MMM{ZcJ/ with
Newvie el oge gaps

EXT QB C +ABC +ABC +ABC

: AGCHABC FABC
= EL(,I) + AB(1)
c g C+AB

lgic ga & ¢
feweyt  tHims$



Karnavgh Map$

‘Visual  fof boolean expression, bess up ko 4 Varables
CAMARges  minfem M Gy

‘Defavly Sepp-

Mo \y-u n{ |ma
,,.,,,1\ wme | M7 | e

a8 cly ‘ D find minboms , Put them on ged
. . L) qiup  adjaceny 15 E0%khel (Grovp size, (,2,4)
{4 ] » ] 3 N [bﬂ;qd Qiowp minimMize mole  1¢img)
_'-,._Jd‘_. Diam gquw N a pddud  Jerm
Y — ‘]l’ll +

Dﬂﬂ(; (ale (ondiérons

“Some  infuts do not  aifect  the OUEPUE

"rMarked  ®§ x

CSimpiities logrc, Teduces  nombe( of  logic gates

Crotby  Circut 3w Combinakooma)  Cireot , delerrmes  Whith P
had  highest  oriof kY

» only highest  Prionty  aCéiw input dete runey outPut

MulgielexorS  Tntrodvction

¢ A Multiple xol s & Com bine bronal| Civturt that  Seletts one of PMolrple

Mpvk  Sigmals  and  forweldS it ko outpud
¢ Vs & Seleck  Signal (S) L decde whih  mpub b0 Pasy
- effec renty Gntrol  data Yovs rnj
2 Date  inpuis Do, D) Mie: Aoy gate
Y. 5 S Db __0._’-_._.' ¥ I Setetd live S o invers )

QUEPUE Y

olols | s ‘ol Y= boS +byS



q:| multiplexor =

* 4 date nPuts
« Z >Stlect l/lleSC Sl, So)
o1 ogbpot (V)

Y= D05, 5 + 0,5 50 #0585 #5555,

Decoder

© A decoder hag N imputs  and 2V ouipues
¢ L aCtivates only one OULPUE based on Ll'vuxrg injus
- USed a ddress dﬁ@JMg n V"le/mory
- instivtbion  deCodmg n CPU s

v Jelodel Genekes  minteims

Evla.ﬂéd De Coder

¢ Lnadle (£) (Apvt comtlds de Codef acéivatron
CWhen  £=1, decoder  woris Vo 1mally
t When E=0, &l OUPUS are O,

Timing
« Citeorbs dont Chang, MSlantly oguput

has d(.la.y for nput Chﬂllflgd
* Measoe é('m;hg at 50 #I’MLSH;l'or\ Poing

: R\S(MG ed?l éLOW — Hign (:Mns,'.,,l,‘ay\)
' falmg edge (Hidh = Lows Eranyition)

. ﬁ"o[’aquh‘on db[aﬂ (TPJ)” Max,‘mm lime an OUtPUE  dakes Lo Stabalze
¢ Conbaminatun delay (Ted) = Minimum  bive before any oug por

-0l Tpd and Td 0F Gatcs  logkiug into
“ Delays  are  Cavsed by
- Cridical Path:

~ khe lomgest (Slowest) taph o e Giticar Prén
- The  Cfibcal  Padh deiay

Stefds 4o Change
ntelnals

Chasging / discharymy  Capacctance , differnt  Tise/ Faling Jclays

determines how  Fa8%  Cifcurz  Ofefates
= Shertes path:

- (taled Lo Condammaton d',la.g, how fast o Chage
= Olrethes:
- Skl 4aKes Mulhiple Paths o oukPu, temforaty

in o inpri Sart q‘ﬁ“&f\'ﬂ-ﬂ OWPrES

incovieet oyt PviS
o Sowe Ilitches, Mdinﬁ delay  bUFFErS  or  Yeafranging o9 Youbres

- Faste/ Processors miamize cntica)  Padh delays



Lecture 13- Digita\ Logic ALY
B ding Combinaut jona CitCuiss

* €L Produce  outputs only based On  Coffeny inpugs
Process:
N Twth table
2Y) Boolean £ APression
%) Logic  Ciscur
4 K-map Simpii ey
S) Gote

OPliriZation X |heyt timmg Cﬁ\r’bf Jates doesny  difectly Mean Faskest  Joe 4o proP delays)

ALU(Afl'thehT, LU‘].‘C Un#)

“lyte of Combinatronal  Cryar  bhok  Performs  afibhme i ( add/subpraut, cnd, o
*Hears of cPu

Full Adder vs \ L&  Adder

* | bit adder CorPréeS Sum ond Carry ové

« Full adder, adds

Two M?llis -4 5‘“4/ B, Larry |‘h, gmfo{“['\’-b Soem ,4_“/ Corry ouv2.

« Cileot Ay s  Use xor Jates for  Sym.

(odty  Propogate  Adder
©Used  For  mwle bit nombpers
cflamy OUs of  one $tage  Profugaies  fo next big

‘lifPlec  Gurty add U [Sfmplal bog $ low)

* Capty - |ookohad addel (Fas ter) Pre Comfuées |yis [6@14/0»(’1«3 bi=AiBi, Pj=AtB Lpussqj
T Prtrix addef [ OPhimized)

Computator

- dedermine whebher 4o |>|'naf5 numbes O enwml  of  whith 3 larger
- EQualrty A= =R

S Magnitude: A £ B

Shifter
"Shifter woves b5 left/rigny

1) Logical Shitt . Fits  ShePzed s drms  wnth  2Zeroe
LYAWEhMebe SWFl - preseqyeS  Sun bt (mas
sel 8)

1) Roiq tor



’ D(;Codnf- Citcurs Changes Code o o St of

Svgnals
¢ Muliipresor- Several NPus  do Qure one  dlhce
Multi?

'MUltiplicetion 7S Jone  usimg ft,f'wtu/ addiiion ond  Shirt

Reading ALy
“inpuds A LRB
- Ofera tron  Selelted

USing  cont 10l Gignal Fz.o
VLTS Smgests Sybtoe tdim

Random  Mozes

“latch i Level = Sensitive ( Oubpu

Chonges  When CIK S k1)
* Plig-Flops = Edge ’\'n‘ggud (oubpw

only Ghauq(.s on ¢ T4 cdge ot 5[’1‘—)

oPer a trovd



Lectvie 19 - Sequendin)  Loacc
v Qutpl  dtpedS on bobh  Comend inpuds ond past  1npuis

' USes Some  Kid of memoty Sﬂq/Uan(, o  infuis — Seauense 0¥ OwpUEs

SYVLCklfanuvj dette  Processing

*CLL opefations  afe o Synthronous

nsues  Siabilized inpuy €0 CLC
" Stuhronize  date Lranffer [processing by }{'MJ Teaistels 7 £

. Clogk persnd Shoud bt glenter lhan th CLC. <y cnsule  Valid ouprts
— Salo~y
ol = , | ?J;u| "X 1—9 ?‘:,f:: _b : Ct.«w "y
L I

—updatrs only on  the
Clock  ¢dqe

Bi-Stable Devices
¢ bi~Stable device  has  buo  Skable  Stabes , SwibcheS  bopween Lhem

clemaing in one  Slate  ypit edumal forie/eneqy  oppied o Change it

ClosS Coupled Inverter  fair
*CCIP is an eleCtriaal Cirewt e bl bi-Stabdily, (_Fﬂ“’ of mMemaly c,-{er')
- Two OUENE @ and @ (opps  pF TN IS inw {0 Other)

SR Latch

“An SR(Su-Resed) latm 5 b Stape  citwd used o Stoie Smyle b
« Two inpts S(set), R(Reset). Conbris Q ond &

" Buit wing  Cioss  Covtleld Ao p gates
“AUOTd State (s=1, =) Canyes a/,-a/ 40 be O



D- Latch
*D o lakch s Mod Frd SR laton twt Climinaks  acd  Staked

"Takes i Datx (0/1) inprt and Gl Pt Lonbms when Vawe Shosed
’ lﬂ.le\. S level Sfm,s,'{,—ﬂlt, C’M‘-W’jb& Skt when Siqnay S {/,‘qh

Level Triggesr oS Edae Trimaer

‘level brqeied: Enrable s High , latth conbinomly  ypdates
‘£d9e trifgud: lakth ony changes, when clock S| {ransibivns
- Posiiive edqe: o |\

- Miaprve ede 1 Z

D_Flit ~Flop L L

< Sloves siyle bit of indorwmeation L 0 o
“has  data and el imprt

* UNlike d-letel, ) Flip f10f Udakes, only ow r¥img  egg, oF
' D flip #lo? — edge £mGgemd | s -1¢

14

Commonly sed i Ciabe  mockines

Rea;s bef

‘(olleCtion o N gplip- plers (shate  COmmen clk)
P RUGuars  Store Mulpi -bit data ypdake  Simolt aneuy

¢ Key copmnys 0¥  SCALenpm)  (YCui S

Counter

¢ Binarg coumer s Sequeniiml Cittuit  fof  Coonling
¢ Ll Mprb, feset onPU, oy vy ovEPUE

Switt  Register

o Slares polgrdle  bi&s  and  Shids thraglh  dara

Clock

P ON GSAG edGe , pew WE SWEIS TN Al prev bits  wove Yorwond



Practise
Problems

VA A

NN N N
W W W VRN
NN N N YN
\ N\

NN N

\

N\

N\

\

S

N N -

~

N N N NN SN S

-~

-

-

- - 7 7 7 7/

-

-~

c 7 7 /7 /

N NN SN SN S == s o7/

N NN SN SN N - -

NN N NS

-— g g o P

7 I S s s

/7 /7 7 7/

| T O T !

| W W WA
NN NN

N

~

-

- o 7 J / / /

L d

\ N\

)

N\

\

N

- N\ \

/
\

N

\

- N\

/§

/
/
/

- N N\

|
|
|
/
/

7 -

— N~ N\
— ~ N\ \



Please Contact me for more info



