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Array a vs array pointer A

int a[4] ; 1-d array a int (*A) ; 0-d array pointer A

a I A ]
a *(A+
o e et
a[3] *(At3)

- int(*) i aasa0-d array pointer - int[N] i Aasaal-d array

a —> *@a+0) ?éi‘gigﬁl;e A A[0] L\(l)l: not fixed

*(a+1) Al1]

virtual pointer extended
- no real memory "(at2) references Al2] sizeof(A) is not
location *(a+3) A[3] the size of the array
- constraints : . but the size of a
&a=a i pointer variable
Series: 6. 3 Young Won Lim
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Array a and array pointers A

int a[4] ; 1-d array a int (*A) ; 0-d array pointer A
* sizeof(a) = an array size * sizeof(A) = a pointer size
=4 * 4 bytes = 4/ 8 bytes
e # of 0-d arrays = fixed * # of 0-d arrays = not fixed
=4 = at least 1
|nt(*) """"""" a as a 0-d array pointer mt[N] """""" A as a 1-d array
a is not a real pointer A'is not a real array
* sizeof(a) = an array size * sizeof(A) = a pointer size
* a=&a c A£&A
Series: 6. 4 Young Won Lim
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The name of a 2-d array

Int a [4];

int  c [4] [4];

1. the name of the nested array (recursive definition)
2. a double pointer

3. a pointer to an array

Series: 6. 5 Young Won Lim
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2-d array access

Casel
int [3][4]
ccfi]D )]
Case 2 Case 3
int (*)[4] int * [3]

(*(c+1) [1] *clr]+))

parenthesis
required

“((cH)* )
Case 4

Series: 6. 6 Young Won Lim
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Casel) 2-darray c, 1-d array c[i]

int [3][4] int [4] Int
int | c| [3] [4]} C o[0] E[_g_]m
C 2-d array C[_g_][g]
type : int [3][4] — EfleO}
. c[1][1]
int | ¢ [3]] [4] c[1][2]
_ c[1][3]
cli] 1-d array c[2] c[2][0]
type : int [4] c[2][1]
c[2][2]
c[2]1[3]
ccli][]]
Series: 6. 7 Young V\é(721|7|2r2
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Case 2)

1-d array pointer c, 1-d array c[i]

int(*) 4] int[4] int

int c| [3B]1 4 .. C @ c[O] c[0][0]
c[O][1]
C 1-d array pointer c[0][2]
type : int (*) [4] clO]l3]
c[1] c[1][0]
. c[1][1]
int | c [3]] [4] cl11[2]
_ c[1][3]
C[I] 1-d array c[2] c[2][0]
type : int [4] c[2][1]
c[2][2]
c[2][3]

(*(c+1)) [] ]

Series: 6. 8 Young V\g721|7|2r2
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Case 3) 1-d array c, pointer c[i]

Int * [3] Int * Int
int | | c||[3]|[4] co c[0] @:--»  C[O]IO]
c[O][1]
C 1-d array C{g%g}
. * C
RASSIL R c[1] @3-  C[1][0]
_ c[1][1]
Int c [3] [4] c[11[2]
_ cl1][3]
C[I] pointer | i C[2] @3- c[2][0]
type : int * c[2][1]
c[2][2]
c[2][3]
*c[1]+1))
Series: 6. Young Won Lim
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Case 4) double pointer ¢, pointer c[i]

Nt ** Int * Int

int | [c| [3]] [4] . c...o» cl0] @-p  c[0][0]

c[O][1]

C double pointer c[0][2]

type : int ** : c[O][3]

c[l] @sm  c[1][O]

e c[1][1]

Int c [3] [4] c[1]1[2]

_ c[1][3]

cli] pointer C[2] @»  cI2][0]

type : int * c[2][1]

c[2][2]

c[2][3]

*(*(c+n)+ )

Series: 6. 10 Young vxg?gbizrg

Applications of Arrays



Types in a 2-d array

int | c| [3] [4]} int | cl|[3] [4]
C 2-d array relaxing the 1% dimension  (C 1-d array pointer (virtual)
type : int [3][4] type : int (*) [4]
Size : 3 *4*4 Size : 3 *4*4
value : &c[0][0] value : &c[0][0]
nt [ c (3] [4] c B3] (4]
C[l] 1-d array relaxing the 1* dimension C[l] 0-d array pointer (virtual)
type : int[4] type : int (*)
Size : 4*4 size : 4*4
value : &c[i][0] value : &c[i][0]
Series 3: 11 Young V\é?glblzrg
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c Is a double pointer and a 1-d array pointer

*(*(C_|_O)+O) ‘ **c a double pointer

(*(C+O)) [0] ‘ (*C) [0] a 1-d array pointer

Series: 6. 12 Young Won Lim
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2-d array access via a double indirection

Case 1l
int [3][4]

c [i){]

(*(c+1)[]

relax the 1° dimension

c[i]) =

*(c+)

contiguous memory
locations are assumed

INt C

[3] [4]

Case 2
int (*)[4]

INnt

Case 4
Int **

*(*(c+i)+))
relax the 2" dimension

=)

contiguous memory
locations are assumed

[3]'[4] [t c][3]] [4]

Series: 6.
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2-d array access via a double indirection

Case l Case 3 Case 4
int [3][4] int * [3] int **
- J /

c [0} *(le [i]+)) *(*(cHi)+]))
relax the 2" dimension relax the 1% dimension
bl =*(+) c [i]) = (*(c+i)
contiguous memory contiguous memory
locations are assumed locations are assumed

int | c| [3] [4] int | |[c][[3]|[4] int  ~{c| [3]] [4]

Series: 6. 14 Young Won Lim
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Cases 1,2, 4

Int c [3] [4]; int (*p) [4];
Case 1 Case 2
int [3][4] int (*) [4]
c [1][] (*(c+)]
p=c Bngm equivalence
p[2]=c[2];

p (110} (*(p+0)]

Series: 6. 15
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Case 4
int **

*(*(c+)+))

*(*(p+)+))

Young Won Lim
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Cases ], 3,4

Case l Case 3 Case 4

int [3][4] int * [3] e
N J _ _ i

c [1]0] *(e [ip+)) *(*(c+i)+)
e q[0]=c[0], be all g

P=ai S andmalced

p [1])0] *(tp [1)+) *(*(p+)+))

Series: 6. 16 Young Won Lim
Applications of Arrays 6/21/22



2-d array access using an array pointer p

Int c [3] [4];

int (*p) [4];

int [4] Int
ik c[O] c[0][0] p[O][O]
. int (*) [4] /' clo[1] | plO][1]
P ° c[0][2] p[0][2]
c[0][3] p[O][3]
p = &c[0] ; c[1] c[1][0] p[1][0]
e c[1][1] p[1][1]
| _Cas*eZ . c[1][2] p[1][2]
| int (*)[4] N c[1][3] p[1][3]
| *(c+iNfil | c[2] c[2][0] p[2][0]
- el 2111 | pl2]1]
 C(pri)G] - Pl c2l2] | pl2][2]
<. - c[2][3] p[2][3]
Series: 6. 17 Young V\g721|7|2r2
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2-d array access using a pointer array q

int ¢ [3] [4]; Int *q[3];
int

int * [4] int * /’ 2{8}{8}

q qm &5 c[0][2]

q . c[O][3]

q[2] k\> c[1][0]

—— - _ c[1][1]
cases a1} = syl c[1][2]
int * [3] N q[2] = &c[2][0] ; c[1]1[3]
T Lo
C*(q i +) - qlill] cl2][2]
\ 4 c[2][3]

— /

Series: 6. 18
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q[0][0]
q[0][1]
ql0][2]
ql0][3]
q[1][0]
q[1][1]
ql1][2]
ql[1][3]
q[2][0]
ql2][1]
ql2][2]
ql2]1[3]

Young Won Lim
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2-d array access using double pointers q

Int c [3] [4];

Int **p, *q[4];

int ** int
&p p o p=aqo; c[0][0]
c[O][1]
int * [4] int * c[0][2]
T c[0][3]
; n o auo
[ SN 2] ~ ] c[1][1]
w Qase4 g c[1][2]
int * * \ \ C1[3]
*eHi)H)  amcecmo cl2]i0]
o o al2]=&cf2][0): c[2][1]
- *((pri)+)) == pli][j] c[2][2]
A | 4 c[2][3]

— —

Series: 6.
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p[O][0]
p[O][1]
p[O][2]
p[O][3]
p[1][0]
p[1][1]
p[1][2]
p[1][3]
p[2][0]
p[2][1]
pl[2][2]
p[2][3]

Young Won Lim
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A 2-d array stored as a 1-d array (row major order)

int c [4] [4];

clii]

C c[O]

NN B R E RSSO O
BPIS® NP OlwINIF IO

O O 00 o0 o000 00 0

N
N

c[2][3]

Series: 6.
Applications of Arrays
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[i*4+]

index values

=[0*4+0]
—[0*4+1]
—[0*4+2]
=[0*4+3]
=[1*4+0]
—[1%4+1]
=[1*4+2]
=[1%4+3]
=[2*4+0]
—[2*4+1]
—[2*4+2]
=[2*4+3]

© 00 N O U1 A W DN K O

—
= O

Young Won Lim
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A 2-d array stored as a 1-d array (row major order)

int g [4*4]; [K] [i*4+]]
q q[0] =q[0*4+0]
q[1] =q[0*4+1]
ql2] =q[0*4+2]
q[3] =q[0*4+3]
q[4] =q[1*4+0]
q[d] =q[1*4+1]
q[6] =q[1*4+2]
ql7] =q[1*4+3]
q[8] =q[2*4+0]
qlo] =q[2*4+1]
g[10] =q[2*4+2]
g[11] =q[2*4+3]
Series: 6. 21 Young V\g721|7|2r2
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2-d and 1-d interpretations of linear memory

Physical
i . i ] Linear
2-d interpretation 1-d interpretation Memory
c 1 cor a
o
Er .
Series: 6. Young Won Lim
22 6/21/22
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A 2-d array stored as a 1-d array (row major order)

Int c [4] [4];

Int g [4*4],

c c[0] c[0][O] g q[0*4+0]

c[O][1] q[0*4+1]

c[O][2] q[0*4+2]

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, c[0][3] q[0*4+3]

c[1] c[1][0] q[1*4+0]

- c[1][1] q[1*4+1]

c[1][2] q[1*4+2]

e cl[1][3] q[1*4+3]

cl?] c[2][0] q[2*4+0]

c[2][1] q[2*4+1]

c[2][2] q[2*4+2]

c[2][3] a[2*4+3]
Series: 6. Lim
23 Yo 72
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1-d address

Applications of Arrays

A Linear Memory Address

2-d address

g+ 0 =qg+0*4+0 C e » C[0] e » C[O[H0 o » clOo1[01
q+ 1= q+0*4+1 0+l e »  c[Ol[1
q+2 = q+0%4+2 co2e =  c[0][2]
q+3 = qr0*4+3 co3 e~ c[O][3
q+4 = q+174+0 ] s > cit0s » c[1][O]
g+ 5=qg+1*4+1 c[l][+1 e » Cl ]_
q+ 6 = gq+1*4+2 c[l][4+2 o > c[1][2]
q+7=q+1*4+3 c[i+3e = c[1][3
q + 8 = q+2#4+0 cl2] & ~lcl2t0es >~ c[2][O]
g+ 9 =c+2*4+1 cl2l+1 ¢ —  c[2][1]
q+10 = q+2%4+2 cl2l+2* >  c[2][2]
q+11 = q+2*4+3 c2l+3 ¢ >  c[2][3]
Series: 6. 24 Young V\g721|7|2r2



int ** int * int

“l ¢ = c[O] ol c[0][0]
c[0]+1 C[O][l]
c[0]+2 C[O][Z]
c[0]+3 C[O][3]
i cll] ol c[1][0]
c[l]+1 C[l][l]
c[1]+2 C[l][2]
c[1]+3 C[l][3]
=4 c[2] ko ¢[2][0]
c[2]+1 C[Z][l]
c[2]+2 C[2][2]
c[2]+3 C[2][3]

Series: 6. 25 Young Won Lim
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A 2-d array stored as a 1-d array (row major order)

int g [4*4];

9 q+0 q[0]
g q[l]
G+2 q[2]
q+8 q(3]
G+4 q[4]
s q[5]
e q[6]
G+7 q[7]
G+ q8]
q+o q[9]
g+10 g[10]
q+11 q[11]

Series: 6. 26 Young V\g721|7|2r2
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A linearization of a 2-D array

1-d view 2-d view
p+0 P[O] c[0]+0 = *(c+0)+0 c[O][O]
p+1 o[1] C[0}+1 = *(c+0)+1 c[O][4]
p+2 o[2] C[O0]+2 = *(c+0)+2 c[0][2]
p+3 p[3] C[0]+3 = *(c+0)+3 clo1[3]
p+4 P 4 c[1]+0 = *(c+1)+0 C :]_: :O:
p+5 P[5] c[1]+1 = *(c+1)+1 Cl 1
p+6 p[6] c[1]+2 = *(c+1)+2 c[1][2]
p+7 p[7] c[1]+3 = *(c+1)+3 c[1][3]
p+8 n[8] c[2]+0 = *(c+2)+0 c[2][O0]
p+9 p[9! c[2]+1 = *(c+2)+1 c[2][1]
p+10 p[10] c[2]+2 = *(c+2)+2 c[2][2]
p+11 p[11] c[2]+3 = *(c+2)+3 c[2][3]
Series: 6. Young Won Lim

Applications of Arrays

27

6/21/22



2-d array access via a single pointer

int *p=c|[0]; Int c [3][4];
o[ i*4 +j] cf[ir]l]
*(p+ 1*4 + ) *(*(c+)+ ))
*(p +k) | = k[ 4;
] = k% 4;
Series: 6. 28 Young vxg?gbizrg
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A 2-d array stored as a 1-d array (row major order)

int *p=c[0]; s P .
/ [i*4+]]
c cl[o] c[o][0 p[0*4+0]
c[O][1] p[0*4+1]
c[0][2] p[0*4+2]
- c[O][3] p[0*4+3]
(GE G c[1][O] p[1*4+0]
c[1][1] p[1*4+1]
c[1][2] p[1*4+2]
L - c[1][3] p[1*4+3]
fffff izl e~ c[2][0] p[2*4+0]
c[2][1] p[2*4+1]
c[2][2] p[2*4+2]
c[2][3] p[2*4+3]
Series: 6. 29 Young V\g721|7|2r2
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2-d array index vs 1-d array index

int ¢ [3] [4]; PP e

c[O] p[0*4+0]
p[0*4+1]
p[0*4+2]
p[0*4+3]
p[1*4+0]
p[1*4+1]
p[1*4+2]
p[1*4+3]
p[2*4+0]
p[2*4+1]
p[2*4+2]
p[2*4+3]

Int *p=c[O],

c[1]

clip]

c[2]

pI*4+]]

Ol0oolo|loloolololo|o o
DNINININ R FRPO O OO
WIN RO WINIFIOIWINIFIO

Series: 6.
Applications of Arrays

Young Won Lim
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2-d array access via pointers

int ¢ [3][4]; int *p =c[0];

1. recursive pointers 2. linear array pointers

cLillil pLi*4+]]
(*(c+))[ 1] int (*p)[4]; e
*(pt 4 +])
*cli]+))
*(*(cti)* ) Int **q;
Series: 6. 31 Young V\g721|7|2r2
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Static Allocation of a 2-d Array

Int A [3][4];
A In %eax,
I 1N %edx,
j in %ecx c[0]+0 *(c [0]+0)
c[0]+1 *(c [0]+1)
- ?;,f weex 2 shec 2 o2 *(c [01+2)
ea oedx, Y%edx, 2), Yoedx o
leal (%ecx, %edx, 4), %oedx S]*4A+i*12 clol+3 "(c[0]+3)
movl (%eax, %edx), Y%eax ;; read M[ X, +4(3i +)) ] clL*O e[
c[1]+1 *(c [1]+1)
c[1]+2 *(c [1]+2)
e : c[1]+3 *(c [1]+3)
:L C[Q ]— : » c[2]+0 *(c [2]+0)
!____C_[_l_]_!ffﬂ The pointer array : c[2]+1 *(c [2]+1)
2] .—ﬁ not allocated o[22 “(c [2]+2)
:L c[3] +— In the memory C[2]+3 o(c [21+3)
Series: 6. 32 Young V\é?gblzrg
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Dynamic Memory Allocation of 2-d Arrays

1. method 1
int ** c;
c = malloc(3 * sizeof (int *)) ;
c[0] = malloc(4 * sizeof (int)) ;
c[1] = malloc(4 * sizeof (int)) ;
c[2] = malloc(4 * sizeof (int)) ;

2. method 2

int (*p) [3];
p = malloc(3 * 4 * sizeof (int)) ;

3. method 3
int * c;
int * p;
c = malloc( 3 * sizeof(int *) ) ;
p = malloc( 4 * 4 * sizeof(int) ) ;
for (i=0; I<M; i++) c[i] = p + I*N;

Series: 6. 33 Young Won Lim
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2-d array dynamic allocation : method 1 (a)

Int ** c:

¢ = malloc(3 * sizeof (int *)) ;

(int*™) ¢ ’\

(int *) c[0] £ boint

- array of pointers :
(!nt ) cl1] allocated physically
(int *) c[2] in memory

c: an array of
Integer pointers

Series: 6. 34 Young Won Lim
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2-d array dynamic allocation : method 1 (b)

O
N PO

= malloc(4 * sizeof (int)) ;
= malloc(4 * sizeof (int)) ;
= malloc(4 * sizeof (int)) ;

/—V

(inty c[0][0]

(int) c[O][1]

(int) c[O][2]

P

(int) c[O][3
0]

(int) c[1]

may not be contiguous

c: an array of

Series: 6.
Applications of Arrays

Integer pointers

35

(int) c[1]

1

(int) c[1]

2

(int) c[1]

B
(int) c[2][0]

int) c[2][1]

(
(int) c[2][2]
(int) c[2][3]

Young Won Lim

6/21/22



2-d array dynamic allocation : method 2

| _— 1ant) plOI[

Int (*p) [4] ; (int) plOIl

(int) plOIl
_ * A * o ' - int 0]

p = malloc(4 * 4 * sizeof (int)) ; /J(Ft)Lgl;

(int) p[1ll

contiguous (int) pl1ll

&p P (int) p[1][3]
\ (int) p[2][0]
(int) pl2]
p[O] (int) p[21[2]
: pl1] (int) p[2][3]
utilize pointer 2

pAL
addition property Pl

Wi EE

1L 1L

Holw NIr o

—
e

o

Pointer to Arrays
No physical allocation

Series: 6. 36 Young Won Lim
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2-d array dynamic allocation : method 3 (a)

e _— | (int) c[0][O]

Int ™ c; (int) clOI[1.

Int* p; (int) c[0][2]

c = malloc( 4 * sizeof(int *) ) ; (int) c[0][3]

p = malloc( 4 * 4 * sizeof(int) ) ; " "Liny) cl1]I0,

(int) c[1][1]

contiguous (int) c[1][2]

(int*) c (int) c[1][3]
\\ (int) c[21[0]

(int) c[2][1]

(int *) c[0]e- (int) c[2][2]

(int *) c[1]e (int) c[2][3]

(Int *) c[2]®

array of pointers
allocated physically in memory

Series: 6. 37 Young Won Lim
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2-d array dynamic allocation : method 3 (b)

. . . - e (int) c[O][
e . in
for (|_—O, |<I\/I_, I++) (nts P (int) c[O]I
cli] = p + i*N; (int) c[O]
(int) c[
(int) c[
(int) c[
(int) c[
(int) c[1][3!
(int) c[2][0]
(int) c[2][1]
(int) c[2][2]
(int) c[2][3]

manual assignments of pointers

(int*) c .\\

WINRIOlW N =IO

) o P ! AR

(Int *) c[O]e-
(int *) c[1] e
(int *) c[2]*

c: an array of
Integer pointers

Series: 6. 38 Young Won Lim
Applications of Arrays 6/21/22



Limitations

No index Range Checking

Array Size must be a constant expression
Variable Array Size

Arrays cannot be Copied or Compared

Aggregate Initialization and Global Arrays

Precedence Rule

Index Type Must be Integral

Series: 6. 39 Young Won Lim
Applications of Arrays 6/21/22
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