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Data
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Structured Data
= AITAYE
= Structs
= Unilons

Data/Control
= Buffer overflow

clunal? pot

Basic Data Types

Imtegral
= 3fored & operated on In general reglabars
= Signad va. unelgned depands on Ingtructions usad

lintsdl 353 Byb=r [ H

bybs b 1 [onaigned] —har

anoingd W 2 [anaignwd] ahorck

doubls word 1 4 anaignwd] int

quead woind T 2 fonaignesd] leng ink [EE8-B4)
Floating Point

= 3tored & operated on In Moating point registers

lint=sl 353 Byb=r [ H

Aimpgle 3 4 Ffloat

Dowhis 1 2 doubile
. Exisndad & 101218 Laong dzublm PT——

Array Allocation
Basic Principle
T ALLY:
= Array of data typs Tand kngth L
= Contiguousty allocated region of L * sizacr {T) Dyies

char satring[l2):
| 1
)

¥+ 12
int wwd [3); | | | | | |
| | I | I
derable mf&] .o W= d x+38 r+12 w+10 x+320
| | | | |
| | | I i
X x+H x+16 ¥+ 34 X+ 3
A2 | I1 [ ]
shar "pli]: B ¥+d w+B x=1Z
x36-64 || II |1 |
=i i x+H k+ 16 ¥+ 14

Array Access
Basic Principle
TAarly:
= Array of data type Tand length L
= ldentifler & can be ueed 32 3 polntar to array alament 0

=Typa T
int wulfa]; | L f 8 | ¥ | 1 | 3 ]
¥ xT+4 x+B w+12 x+16 x+2M
Reference Type Walue
wall4] it 3
wal ik * x
walsl inEk * el
sval[2] imp + =g
walls] imt T
ivaltl] ik 5

-4~ wal + / ink * X=dl 15214, U




Array Example

Eypadel int zip Zig[2] -

Eip dig cxra = § 1, 3, %, 1, § };
pip dig mdte = § &, 2, 1, 5, @ };
zip dig uch = [ %, 4, T, £, 4 };
mip dig ey [ 1 ] 85 | 2 | 1 ]| 3 ]
| | 1 | | i
1E 24 4] -] ki I 1]
ip gagmek; | 0 ] F ] 1 § 3 | g |
1 I I 1 i I
ag 44 44 - L 2K
ip g uwekh; % | &4 | 3 [ = ] & ]
| | nI | f
L1 Ed £4 B TZ 78
Motes

= Declaration “zip 41g cnn® squivabant to “int cmnps]®
= Example amrays ware allocated In succasslve 20 byie blocks

» Mot guaranissd to happen in genaral

Array Accessing Example

Computation

= Reglater radx containg atarting

address of anray

= Reglater raax contalns amay

Inida

» Daslrad diglf at 4+ taax + 2edw

= UB8 mamory rafarenca
(Al Do, 4]

int gwk_digit

(xip dig =z, int dig)
i

raturn rjdig]l:

1A32 Memory Reference Code

F Tmdx = 3
B Yamx = dig

= vl [fedx, bmacc, 4], Tmee § rdig]

- B2, FE -H- 1214 F I
Referencing Examples Array Loop Example
iAmEt pdPinkzip dig =]
xip dig oma; [ 2 ] 3 | F ] 1 ] 3 |1 i 3
| | I ink i:
is 20 23 rd- | - -4 [ -
. int rd = @;
i . B Criginal Source e A A i
ag &0 &4 a% = =g i = 16 T zi 4 =x[i]:
I
zhp ocag esk: | 02 ) 4 | 7 | 2 | o | .
r h] L hJ- -I I zwbur= xi:
ng v R T8 ) }
Transformed Version

Code Does Mot Do Any Bounds Checking!

-

Reference Address

mit[3] 35 + 4* I = 45
mit[E] 35 + 4* 5 = 55
mit[-1] 35 + 4*-1 = 37
cmn[15] 15 + 4*15 = 75

Value Guaramteed?

3 b
= (5]
3 Mo
77 Mo

= Ot of range behavior impkamentation-dependent

=Mo guaramieed relathee alloostion of different arrayc S

= AB genarated by GCC
= Ellminats loop varlabie 1

= Convart amray coda fo
pointer code

= Expragas In do-whila form
=Ko naad to iect at snbancs

Ank pddimE{rip dig x]
]
int ra = &;
int "and = x § 4
2= |
i = 15 T zi & Tx;
p-2 T
} while {z «wm rm=d] s
=atur= =xi;
]
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Array Loop Implementation (lA32)

Registers int zalint([zip dig x|
RacK X 1
Taaw 2l 4ot i = {;
by Famd imiE "rmssd w oxr & 47
=3 i
Computations zd = 20 Y zi 4 vx;
m 10+*zi + +z Implemantad as b _
z++ Increments by 4 . S
F olimcz =
xorl hmax, TERT # i = &

Lenl 1% [%mc=x],%akx
Bl -

mowl [T | e
mddl B4 Sme=x

el mbx | hecx
lm L2

lewl [femx, ¥max,d) . dedc # TFzd

lexl Jieanx_ dedx, 2] deec # i = Fx L JF[AFDi)

& zmamd = g
§ "z
§ 4+

§ z : Tmmd
§ if Am goto loop ]

Nested Array Example

Fomfine FOOUKT &
zip dig FR[FOOUNT] =

fq1, =, X, &, 43,

ji1, =3, >, 1, 3 &,

{1, =, 2, 1, 7 },

{1, =, 2, 2, 1 }}:
=ie e |y lalzlelala|=]zloalslalalzla]a]ol=l2]2]2
FeRlE] -

| | 1 |
rl a8 11 154 1=E

= Doclaration “zip dta pgh4]™ equivalent to “int pghpa] (517
= Varlabls pgh danobtec anmy of £ slsmanic
» Alloosbad sandlguouwsly
= Eanh siamsnt Ic an armay of B i=k'c
» Alloosbad sontiguoucly
= “Row-Major® oroaring of all slements guarantssa

-0 1513, F 8

Viewing as Multidimensional Array

Declaration
T ALRIIC]:
= XD array of dafa type T
= R rows, C columng

.l‘ﬁ?’ﬂlammtrﬂrjauﬁ
1]
Array Size

= R*C* Kbytes

Arrangement

= Row-Major Ordering

ALE] [0 » = o« R{DI[E-1]

R[FE-1] 0] = = =&[R-1][C-1]

inmT ALRIIC]:

A E E E A E
[y = = =gy |gay| = =~ = | 13 * = H R-1] = = = [R-1]
141 (=11 191 [C-17 141 (=-1}
- 4*R=C Byics 4
Sl 1520, HiE

Nested Array Row Access

Row Vectors
= A[1] I8 array of C slemeants
= Each elament of fype T
= 3farting addressa + i/ (C*K)

izt ALR]IS]

E E E A A A
01| e+ (01| <=« |Qa1]| e+ |[a1| + s+ pR-1Y eeo jR-1]
LEh (C-1] 1 {C-1] [4] c-1]
1 I |
= AALsCWE At (R-L)"CF8
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