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2-d array definition

Int c [4][4];

Series: 6.
Applications of Arrays

row 0O
row 1

row 2
row 3

A matrix view

col 0 coll col2 col3
c [0][0] | c [O][1] | c [O][2] | c [O][3]
c [1]I0] | c [1][1] | c [1][2] | c [1][3]
c [2])[0] | c [2][1] | c [2][2] | c [2][3]
c [3]10] | c [3][1] | c [3][2] | c [3][3]

Young Won Lim
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2-d array access via pointers

Int c [4][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. 5 Young V\/1?20|7|2r8
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1-d array names

Int a [4];

int  c [4] [4];

int a [4] ; The value of a is the starting
address of a 4 element array
a

in 4 : Each value of c[i] is the starting

t C[ ] [4] ’ address of a 4 element array
cli]:
Series: 6. 6 Young V\/1?20I7|2r8
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2-d array as a matrix

int c[4] [4], row major ordering

cfe—— _ col0 coll col2 col3
row O
row 1
row 2
row 3
consider each cJi] as a pointer to the first
element of each 4 element array
Series: 6. 7 Young Won Lim
1/20/20
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2-d array stored as a linear array

c[o]

int c [4][4]; zg{ﬂ
c [0][2]
Cll] —,  cloBE]
c [1][0]
c [1]1]
c [1]12]
cl2] e—_  cls]
c [2][0]
c [2]11]
c [2]12)

row 0O

row 1

row 2

col 0 col 1l col 2 col 3

c[3] — ¢ [2][3]
row 0 —I_I_|—> ¢ [3][0]

row 1 row ¢ 3111
address ¢ [3][2]

¢ [3]3]

row 3

row 2

i e e | ———

row 3

Series: 6. 8 Young Won Lim
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Row Address and Element Address

c[O]

T e [0][0] element  c0+0  ([0}+0)

c [o[1] owo address. copl | xclop1) | 3

c [0][2] c[0]+2 *(c [0]+2) i
c[1] c [0](3] c[0]+3 *(c [0]+3)
e ¢ [1][0] L0 *(c [1]+0)

¢ [1][1] ow 1 c[1]+1 *(c [1]+1) 3

¢ [112] 2 *c[1+2) =
c[2] c [1][3] c[1]+3 *(c [1]+3)
- c [2][0] c[2]+0 *(c [2]+0)

¢ [2][1] c[2]+1 *(c [2]+1) -

¢ [212] l o c[2]+2 *(c [21+2) t %
c[3] c [2][3] c[2]+3 *(c [2]+3)
- ¢ [3][0] c3+0 [ He [31+0)

row c [3][1] c[3]+1 *(c [3]+1) 3

address c [3][2] l o c[3]+2 *(c [3]+2) £ %
¢ [3][3] c[3]+3 *(c [3]+3)

Series: 6. 9 Young V\/1?20|7|2r8
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Addresses of 1-d arrays with 4 integer elements

INnt

INt

cl4]

[4]

(int)

[4]

(int)

(int)

(int)

cli]

(int)

Int |c [4] |[4];

Series: 6.
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1=0,1, 2,3

10

(int)

(int)

(int)

Young Won Lim
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A 2-d Array — a variable view

c[0]

int|c [4] [4];

00|00
SLLes
W|N|— o

c[1]

> C[2]

00|00
NN NN
W[(N R o

> C[3]

an imaginary array

a real consecutive array

Series: 6. 11 Young Won Lim
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A 2-d Array — a type view

Int c [4] [4],

(int ()[4])

an imaginary array

a real consecutive array

Series: 6. 12 Young Won Lim
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A 2-d Array — an index view

Int c [4] [4];

— T — g P
e e - 1
) | H((eHi)H)
N /
an imaginary array
a real consecutive array
Series: 6. 13 Young V\/1?20|7|2r8
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2-d array access via a double indirection

int c [4] [4]; int [c[4] | [4]
c [0} *(c+i))[] *(*(c+)+))
c [i]) = (*(c+i) b =*(+H)
contiguous memory contiguous memory
locations are assumed locations are assumed
Series: 6. 14 Young V\/1?20|7|2r8
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Recursive Pointer Conversions

int c [4][4]; c[i] = *(c+i) hold row addresses

assumption

contiguous memory

locations are assumed (C[ i ]) [j ]

array pointer

int (*p)I4]; (*(c+n) [1] *clr]+))

parenthesis

. required
double pointer
- *(* 1 1
int **q; ("(c+)+))
Series: 6. i
15 Yo 0720
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2-d array access via recursive pointers (double indirection)

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

*(c+i1) :row address

*(c+1)t] : element address

first select a row, then a column

Series: 6.
Applications of Arrays

c[0]+0 = *(c+0)+0
c[O0]+1 = *(c+0)+1
c[0]+2 = *(c+0)+2
c[0]+3 = *(c+0)+3
C[1]+0 = *(c+1)+0
C[1]+1 = *(c+1)+1
c[1]+2 = *(c+1)+2
C[1]+3 = *(c+1)+3
c[2]+0 = *(c+2)+0
c[2]+1 =*(c+2)+1
C[2]+2 = *(c+2)+2
c[2]+3 = *(c+2)+3
c[3]+0= *(c+3)+0
c[3]+1="*(c+3)+1
c[3]+2=*(c+3)+2
c[3]+3=*(c+3)+3

clO][0.

clO][1]

clO][2.

c[O][3]

c[1]0]

c[1][1.

c[1][2.

c[1][3]

c[2][0]

c[2][1]

c[2][2]

c[2][3]

c[3] O:

c[3]

T
c[3][2]
c[31[3]

Young Won Lim




Nested arrays

Int ¢ [4][3] ; c[0]+0 *(c [0]+0)
c[0]+1 *(c [0]+1)
c[0]+2 *(c [0]+2)
c[1]+0 *(c [1]+0)

: c[1]+1 *(c [1]+1
Int C[4] [3] : c[1]+2 *EC {1}+2;
c[2]+0 *(c [2]+0)

C.an array of c[2]+1 *(c [2]+1)

integer pointers C[2]+2 *(c [2]+2)

c[3]+0 *(c [3]+0)

c[3]+1 *(c [3]+1)

c[3]+2 *(c [3]+2)

int c[4][3] does not allocate c[0], c[1], c[2], c[3] in the memory

Series: 6. 17 Young Won Lim
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Nested array declared explicitly

: c[o]+0 *(c [0]+0)
tyPEdEf INt row [3] ; c[0]+1 *(c [0]+1)
row C [4 ; c[0]+2 *(c [0]+2)

- c[1]+0 *(c [1]+0)
c[1]+1 *(c [1]+1)
c[1]+2 *(c [1]+2)

: ) c[2]+0 *(c [2]+0)
Int C[4] [3] : c[2]+1 *(c [2]+1)
c[2]+2 *(c [2]+2)
c[3]+0 *(c [3]+0)
c[3]+1 *(c [3]+1)
c[3]+2 *(c [3]+2)
| an allocated array
row c[4] allocates 4 array pointers in the memory
Series: 6. 18 Young V\/1?20|7|2r8
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2-d Array : rows of 1-d arrays

1-d array type with 3 elements

» C[0]+0
c[0]+1

c[0]+2

c[1]+1

*(c [0]+0)

*(c [0]+1)

*(c [0]+2)

*(c [1]+0)

*(c [1]+1)

int c [4] [3]; =
"""""" i M

------------------------------------ c[2]+1 *(c [2]+1)

c[2]+2 *(c [2]+2)

"""""" 37 e - c3+0 [INERHO)

''''''''''''''''''''''''''' c[3]+1 *(c [3]+1)

c[3]+2 *(c [3]+2)

Series: 6. 19 Young V\/1?20|7I2f8
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Pointer to 1-d arrays

3-element 1-d array type

e POl crop+0 *(c [0]+0)
""""""""""""""""""""""""""""""""""""""""""""""""""" c[0]+1 *(c [0]+1)
*(c [0]+2)

P !
L curo o)
""""""""""""""""""""""" c[1]+1 *(c [1]+1)
it (p) (3] T
x(p+2) e c21+0 | x(c[2]+0)
p =C; e c[2]+1 *(c [2]+1)
c[2]+2 *(c [2]+2)
x(p+3) b c3r0 [NERERO)
''''''''''''''''''''''''''' c[3]+1 *(c [3]+1)
c[3]+2 *(c [3]+2)
Series: 6. 20 Young V\/1?20|7|2r8
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Incrementing the 1-d array pointer p

3-element 1-d array type sizeof(*p)
p+0 | *(p+0) e— > p[0]+0 *(p[0]+0)
""""""" I p[0]+1 *(p[0]+1) >
| ploj+2  *(plol+2) |
D e | p+l *(p+l) e— > p[1]+0 *(P[1]+0)
7 pl1]+1 *(Pl1l+1) g
I T | p[1]+2 Pl
int (*p) [3] ; p+2 X(p*2) o - Pl R
(p) [3] P21+ Ap[2+) -
______________________________________ p[2]+2 *(P(2]+2) |
P = C; p+3  *(p+3) e— ~ PEI+0 *(p[3]+0)
"""""""""""""""""""" p3]+1 *(p[3]+1) >
o pIBIF2 *(P[3]+2) B
take no memory locations each sizeof(*p)

3*4=12 bytes

Series: 6. 21 Young Won Lim
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2-d array access via a 1-d array pointer

int ¢ [4] [4]; int (*p) [4]; p=c;
p+0 | *(p+0) e——» POl+0 *(c [0]+0)
T o]+ *(c [0]+1)
I c[0]+2 *(c [0]+2)
D p+1l | *(p+l) e——»Cl1]+0 *(c [1]+0)
c[1]+1 *(c [1]+1)
N I ______________________ C[1]+2 *(c [1]+2)
p+25f *(p+2) e——=cl2]+0 *(c [2]+0)
cl2]+1 *(c [2]+1)
e I _____________________ c[2]+2 *(c [2]+2)
0+3  *(p+3) e——»C[3+0 *(c [3]+0)
"""""""""""""""""""""""" c[3]+1 *(c [3]+1)
___________________________________________________ c[3]+2 | *c[3]+2)
Series: 6. 22 Young V\/1?20|7|2r8
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2-d array access via a 1-d array pointer

int ¢ [4] [4]; int (*p) [4];
c [il0] e+l *(*(c+)+))
p[0]=c[O],
p=c Bg%zg% equivalence
p[3]=c[3];
p [1])0] *(p+1))[1] *(*(p+1)+))

Series: 6. 23 Young Won Lim
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2-d array access via a double pointer

Int c [4] [4];
c [ip]]
q[(lJ]fC[gl,
p=q; B
qd[3]=cl[3];
p [1][]
Series: 6.

Applications of Arrays

Int **p, *q[4];

e+l

must be allocated
and initialized

*(p+1))[1]

24

*(*(c+)+))

*(*(p+)+))

Young Won Lim
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2-d array access via a double pointer

i : PR - : c[0]+0 *(c [0]+0)
Int c [4] [4], int *~*p, *q[4]; c[0]+1 *(c [0]+1)
c[0]+2 *(c [0]+2)
c[1]+0 *(c [1]+0)
c[1]+1 *(c [1]+1)
~ — - q[0]=c[0], c[1]+2 *(c [1]+2)
P P=q; gg};gg}: c[2]+0 *(c [2]+0)
q[3]=c[3]; c[2]+1 *(c [2]+1)
c[2]+2 *(c [2]+2)

c[3]+0

c[3]+1
c[3]+2

to use a double pointer p, a pointer array g must be allocated and initialized

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

[i*4+]]

0=[0*4+0] .
1=[0*4+1] cli]li]
2=[0%4+2]

3=[0*4+3]

4=[1*4+0]

5=[1*4+1]

6=[1*4+2]

7=[1%4+3]

8=[2*4+0]

9=[2*4+1]
10=[2*4+2]
11=[2%4+3]
12=[3*4+0]
13=[3*4+1]
14=[3*4+2]
15=[3*4+3]

int ¢ [4] [4]; -

SIS EIEISIEIS

|

!

an imaginary array

W W IWIWININININERIRBIEGOGGCIO

\J

i)

N
O 00 0 0 0 0 0 0 0600 00 0 0 0
WINIEIOIWINIFIO

Series: 6.
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Young Won Lim
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A Linear Memory Address

1-d address c[0] 2-d address c[0],c[1],c[2],c[3]
c[0] + 0 = ¢[0]+0%4+0 c[0]+0 = *(c+0)+0 | (int) c[O][0]
c[0] + 1 = c[0]+0*4+1 c[0]+1 =*(c+0)+1 | (int) c[O][1]
c[0] + 2 = c[0]+0%4+2 c0]+2 =*(c+0)+2 | (int) c[0][2]
c[0] + 3 = c[0]+0%4+3 c[0]+3 = *(c+0)+3 | (int) c[O][3]
c[0] + 4 = c[0]+1*4+0 c[1]+0 =*(c+1)+0 | (int) c[1][O]
c[0] + 5 = c[0]+1*4+1 c[1]+1 =*(c+1)+1 | (int) c[1][1]
c[0] + 6 = c[0]+1*4+2 c[1]+2 =*(c+1)+2 | (int) c[1][2]
c[0] + 7 = c[0]+1*4+3 c[1]+3 = *(c+1)+3 | (int) c[1][3]
c[0] + 8 = c[0]+2*4+0 c[2]+0 = *(c+2)+0 | (int) c[2][0]
c[0] + 9 = c[0]+2*4+1 c[2[+1 = *(c+2)+1 | (int) c[2][1]
c[0]+10 = c[0]+2%4+2 c[2]+2 = *(c+2)+2 | (int) c[2][2]
c[0]+11 = c[0]+2*4+3 c[2]+3 = *(c+2)+3 | (int) c[2][3
c[0]+12 = c[0]+3*4+0 c[3]+0= *(c+3)+0 | (int) c[3][0]
c[0]+13 = c[0]+3*4+1 c[3]+1=*(c+3)+1 | (int) c[3][1]
c[0]+14 = c[0]+3*4+2 c[38]+2= *(c+3)+2 | (int) c[3][2]
C[0]+15 = c[0]+3*4+3 c[8]+3= *(c+3)+3 | (int) c[3]1[3]
Series: 6. 27 Young V\/1?20|7|2r8
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A linearization of a 2-D array

1-d view 2-d view
p+0 | (int) p[O] c[0]+0 = *c+0)+0 | (int) c[0][0]
P+l (int) p[1] c[0+1 =*c+0)+L | (int) c[O][1]
p+2 (int) p[2] c[0]+2 =*(c+0y+2 | (int) c[0][2]
P+3  (int) p[3] c[0]+3=*c+0)+3 | (int) c[0][3]
P+4 | (int) p[4] c[11+0 = *c+1)+0 [ (int) c[1][0]
P+S  (int) p[5. c[1]+1 =*c+1)+1 | (int) c[1][1]
P+6  (int) p[6] c[1]+2 = *(c+1)+2 | (int) c[1][2]
p+7 (int) p[7 c[11+3 =*(c+1)+3 | (int) c[1][3]
P+8 | (int) p[8] c[2]+0 = *e+21+0 [ (int) c[2][0]
P+9  (int) p[9] cl2l+1 = *(c+2)+1 | (int) c[21[1]
P+10  (int) p[10] cl21+2=*c+2)+2 | (int) c[2][2]
p+1l (int) p[11] cl21+3 =*(c+21+3 | (int) c[21[3]
p+12 | (int) p[12] ci3j+o=*c+3)+0 [(int) c[3][0] |
P+13  (int) p[13] c[3]+1=*(c+3)+1 | (int) c[31[1
p+14  (int) p[14] c[31+2=*(c+3)+2 | (int) c[3][2
p*15 ' (int) p[15] c[3]+3=*c+3)+3 | (int) c[3][3
Series: 6. Young Won Lim

Applications of Arrays
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2-d array access via a single pointer

Int c [4] [4]; w0l p[0*4+0] Int *p;
" p[0*4+1]
p[0*4+2]
p[0*4+3]
p[1*4+0]
p[1*4+1] e p =c[O];
p[1*4+2]
p[1*4+3]
p[2*4+0] p[i*4+j]
p[2*4+1]
p[2*4+2]
p[2*4+3]
p[3*4+0]
p[3*4+1]

an imaginary array p[3*4+2]
p[3*4+3]

Series: 6. 29 Young Won Lim
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2-d array index vs 1-d array index

int c [4] [4];

Int *p=c[O],

cli]

plI*4+]]

Series: 6.
Applications of Arrays

c[O]

c[1]

c[2]

c[3]

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]

p[3*4+0]

p[3*4+1]

Olololo cooloojlolo olo|lo|o oo
OO WIWIwWINNNNIEIEBIPIFOO O O

WINBIOIWNIFIOIWNIBIOIWNIFIO

p[3*4+2]

0
)

p[3*4+3]

Young Won Lim
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2-d array access via a single pointer

int *p=c|[0]; Int c [4][4];
p[ i*4 +j ] c[1][)]
*(pt+ 1*4 + )) *(*(cH)+ ))
*(p +k) | = k[ 4;
] = k% 4;
Series: 6. 31 Young V\/1?20I7i2r8
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Static Allocation of a 2-d Array

int A [4][3]; O]+ & [
Ain o c[0]+1 *(c [0]+1)
in %eax
s ’ c[0]+2 *(c [0]+2)
n %edx,
J! :n 0/2 ec))(( c[1]+0 *(c [1]+0)
c[1]+1 *(c [1]+1)
sall $2, %ecx cj*4 c[1]+2 *(c [1]+2)
leal (%edx, %edx, 2), %edx ;;1*3 c[2]+0 *(c [2]+0)
leal (%ecx, %edx, 4), Y%edx a4 +1*12 c[2]+1 *(c [2]+1)
movl (%eax, %edx), Y%eax ;; read M[ X +4(3i +) ] C[2]+2 *(c [2]+2)
c[3]+0
_____________ c[3]+1
- c[0] e—— cl3]+2
i____C_[_l_]_Mﬂ.___. The pointer array :
2] ._Aﬂ not allocated
) e o— in the memory
Series: 6. 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. 33 Young Won Lim
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c: the nested array name

Int a [4];
int  c [4] [4];
- : The array name a holds the starting address of
Int a [4] ; |
the 4 integer element array
4 elements

element type

int c[4] | [4]; c[0], c[1], c[2], c[3] holds the starting address
: of the 4 integer element array

4 elements _
element type The array name c is the name of the nested
array
Series: 6. Young Won Li
34 > 20020
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c Is a double pointer and a 1-d array pointer

Int a [4];

Int ¢ [4] [4],

*(*(C_|_O)_|_O) ‘ **c a double pointer

(*(c+0))[j] ™ (*c)[j] avoaraypoiner

Series: 6. 35 Young Won Lim
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c Is a double pointer

**C

*(*(c+0)+0)

Int a [4];

int  c [4] [4];

int  [a| [4]; wmm [(nt*) a

a points to an integer data

int [c[4] [4]; == int*) c[4] =) (int*™) c

c[i] points to an integer data
C points to an integer pointer

Series: 6. Y Won Li
36 o 12020
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c Is also a pointer to an array

int a [4]; (*C)[j]
int ¢ [4] [4] (*(c+0))[]

int al| [4; wmm |[(int[4] a

a . an array name

int [c[4] [4]; == int[4]) c[4] mm (int (*)[4]) c

c[i] : array names
c : the pointer array name

Series: 6. Y Won Li
37 o 12020
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Pointer to Arrays

1. pointer to 1-d arrays
int (*p) [4]:

2. pointer to 2-d arrays
int (*p) [4][4];

Series: 6. 38 Young Won Lim
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Pointer to 1-d arrays

(int) c[O][0]
(int) c[O][1]
(int) c[0][2]
(int) c[O][3]
(int) c[11[0]
(int) c[1][1]

C ! (int) c[1][2]
(int) c[1][3.
(int) c[2][0]
0 . c[0] (int) c[2][1]

(int) c[2][2]

e . int) c[2]3]
el (int) C[31[0]

int c[4] [4],
int  (*p) [4];

S ) (int) c[31[1]
c: an array of (int) c[31[2]
integer pointers (int) c[3][3]
an imaginary array
Series: 6. 39 Young V\/1?20|7|2r8
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Pointer to Integer vs. Pointer to Array

int *p ; P=A; int (*a) [4]; q=&A;
P '\R K.
A g=&A IIIIIIIIIIIIIII A The array name
\ int A[4] ; int A[4] ;
p=A | *p (*g)=A (*a)[0]
(*a)[1]
(*a)[2]
(*0)[3]
The int pointer type The array type
Series: 6. 40 Young V\/1?20I7|2r8
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Must point to an array type (array name)

int (*q) [4]; gxA;

Warning!

|||||||||||||||||||||||||||||||||||||||||||||||||

...............................................

int A[4] ;

int (*q) [4];

&A ;

O
[

A (*a)IO]
(“a)[1]
(*a)[2]
("9)[3]

The array type

Series: 6.
Applications of Arrays

d e

i The array name

int A[4] ;
(*a)=A (*0)I0]
("o)I1]
("0)[2]
("9)l3]
The array type

Young Won Lim
1/20/20




Pointer to a 2-d array

int c [4][4];
int (*p) [4][4] = &c;
int (*q) [4] &c[o] ;
C*p)LILJ. clillj]
qlill)] clillj]
Series: 6.
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2-d array c
2-d array pointer p

1-d array pointer q
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Pointer to a 2-d array

(*p)IOIIO]
(inty c[0][0]
Int (*p) [4][4] = &c; /(lnt) c[O][1]

(int) c[O][2]
(int) c[O][3]
(int) c[1][0]
(int) c[1][1.
(int) c[1][2]

&c[0]=c (int) c[1][3]
& (int) c[2][0]
*p (*p)[O] (int) c[2][1]
... . e (int) c[2][2]
PR&e T (int) c[21[3] |
. (int) c[31[0]
N\ (int) c[3][1]
p . (int) c[3][2]
2-d array pointer an imaginary array (int) c[3][3]

Series: 6. 43 Young V\/1?20|7|2r8
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2-d array access using a pointer to a 2-d array

(*p)[0][O]
Int (*p) [4][4] = &c; (*p)[O1[1]
(*p)[0][2]

(*p)[0][3]
(*p)[11[0]
(*p)[1][1]
(*p)[11[2]
(*p)[1I[3]
(*p)[2][0]
(*p)[2][1]
(*p)[2][2]

(*p)[2](3]
(p)IBII0;

) p)i2] = )31
p . L p)3] | e (*p)[31[2]
3

2-d array pointer an imaginary array (*p)[31[3.

Series: 6. 44 Young Won Lim
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Pointer to a 1-d array

(*o)[O]

(inf)_c[O][0°

Int (*q) [4] C, (int) c[0][1]

(int) clO][2]

(int) c[O][3]

(int) c[1][O.

(int) c[1][1]

1-d array pointer (int) c[1][2]

&c[0] =c (int) c[1][3]

. e (int) c[2][0]

\ (*) (int) c[2][1]

. """" c 0 """""""""""""" (?nt) c[2][2]

"""" c1 (int) c[_2_][_3_]

. (int) c[3][O]

cl. (int) c[3][1°

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

______________ an imaginary array (int) c[31[3]
Series: 6. 45 Young V\/1?20|7|2r8
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2-d array access using a pointer to a 1-d array

~—~
>

O

v

0]
0][0.
O[1
0][2]
[0][3]
1[0
L[1]
L1[2]
11[3.
2][0.
ql2][1]

ql2][2]

al2][3]

1-d array pointer
q[31[0]
ql311]

| ..\
ql31[2]

an imaginary array q[3][3]

int (*a) [4] ¢

o O O |QOlo O QO

O
N

Series: 6. 46 Young Won Lim
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Incrementing a pointer to a 1-d array

int (*a) [4] ¢

q+1

sizeof(*q) sizeof(1-d array)

q+2

q+0 § sizeof(*q) sizeof(1-d array)

sizeof(*q) sizeof(1-d array)

q+3

(*(q+0)) «=p q[O]
(*(q+1)) <= Q[1]
(*(q+2)) <= q[2]
(*(q+3)) <= q[3]

Series: 6.
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(*(a+0))Ij.
(*(q+1))[]
(*(q+2))[]]
(*(q+3))lj!

— e — —

) O[O][).
=) O[1][)]
@) g[2][)]
@) [3][)]

— — e—— e——
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Dynamic Memory Allocation of 2-d Arrays

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

2. method 2

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

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

Series: 6. 48 Young Won Lim
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2-d array dynamic allocation : method 1 (a)

Int ** c:

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

(int*™) ¢ ’\

(int *) c[O] £ boint

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

(int *) c[3]

c: an array of
Integer pointers

Series: 6. 49 Young Won Lim
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2-d array dynamic allocation : method 1 (b)

c[0] = malloc(4 * sizeof (int)) ; - 823 2{8}{‘1’}
c[1] = malloc(4 * sizeof (int)) ; (int) clO][2]
c[2] = malloc(4 * sizeof (int)) ; (int) c[O][3]
c[3] = malloc(4 * sizeof (int)) ; —"[(int) c[1][0]
(int) c[1][1]

may not be contiguous (int) c[1][2]

because of memory alignment (int) c[1][3:

(int) c[2][0]
(int) c[2][1]
(int) c[2][2]

)
' ) int) c[2][3]
(int *) c[2]* (int) c[3][0]
. . (int) C[3][1]
int <l (int) c[3112]

c: an array of (int) c[3][3]
Integer pointers

(int*) c \

Series: 6. 50 Young Won Lim
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2-d array dynamic allocation : method 2

| — | nt) plO][O;
Int (*p) [4] ; (int) pl[OI[1]
(int) p[O][2]
— * N * i ; - int 0][3]
n = malloc(4 * 4 * sizeof (int)) ; /*J@L;;l;o
(int) p[1][1]
contiguous (int) p[1][2]
&p p (int) p[1][3.
'\ (int) p[2][0;
(int) pl2][1]
p[O] (int) p[2][2]
[ o[1] int) p[2][3]
utilize pointer Y o[2] (int) p[3][0]
addition property 3] (int) p[31[1]
- P (int) pI31[2]
Pointer to Arrays : (int) pl3][3]

No physical allocation

Series: 6. 51 Young Won Lim
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2-d array dynamic allocation : method 3 (a)

‘Nt kK : ] (int) c[O][O]
!nt C; (int) c[0][1]
Int* p; (int) c[O][2]
c = malloc( 4 * sizeof(int *) ) ; (int) c[0][3]
n = malloc( 4 * 4 * sizeof(int) ) ; —~ "[lint) cI11I0.
(int) c[1][1]

contiguous (int) c[1][2]

(int) c[1][3]

(int) c[2][0]
(int) c[2][1]
(int) c[2][2]
int) c[2][3]
(int) c[3][0]
(int) c[3][1]
(int) c[3][2]
array of pointers (int) c[31[3]
allocated physically in memory

(int*) c \

(int *) c[O] e~
(int *) c[1]e-
(int *) c[2]*
(int *) c[3]*

<
|

Series: 6. 52 Young Won Lim
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2-d array dynamic allocation : method 3 (b)

o FelV int * o |int) clO]l
—A. . in
for (i=0; i<M; i++) (int¥) P RGO
C[l] =p + I”N; (int) c[O]
(int) cI
(int) c[
(int) c[
(int) c[
(int) c[1][3]
(int) c[2][0]
(int) c[2][1]
(int *) c[O]e- (int) c[2][2]

(Int *) c[1]e- int) c[2][3]
(int *) c[2]e (int) c[3][0]
(int *) c[3]e (int) c[3][1]

(int) c[31[2]
c: an array of (int) c[3][3]
Integer pointers

manual assignments of pointers

(int*) ¢ ‘\

WINRIOlW N =IO

) o P ! AR

Series: 6. 53 Young Won Lim
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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. 54 Young Won Lim
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3-d Array Index
¢ [0]Ik]

Interpret as recursive indirections
Interpret as hierarchical sub-arrays

Series : 7. 55 Young Won Lim
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L, M, N — the number of index values

int ¢ [L][M][N]; = -

¢ [1]DlIk] v

L i=0 ji=1 N

AIXNINIFNINIRIR
Impnjupnpmpmngu
N|IR|CO|WIN|R]|O
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1l
w
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Index value tree — all possible combinations

L M

int ¢ [L][M][N]; =0

¢ [1]DlIk]

i=0 ji=1

XA XAXAXAAARZ
L 1 R A ||
NFROWDMNRERO

A XN X
(1 |
= O W

A A
n 1
Wi

=
1
=

=0

AN N XX
n u n n
R O WNDN

i=1 j=1

A RN AR
L 1 |
= O WN

A AAAA

j=2

A N
I 11
W N
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The number of elements of subarrays

int ¢ [L][M][N]; o L*M*N elements
¢ (il o 1} T M*N elements
v ]| 1] [T N elements
array covering
names elements
Series : 7.
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From a 3-d index to a 1-d index

int ¢ [L]IM][N];

¢ [1]D]Ik]

Series : 7.
Applications of Pointers
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VN N+ K
("M +j)'N + K
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I*M*N, J*N, k — Index offset values

*M*N I* k

c[0] ~LOE]  x EooE  [E0

- . | clofo| [ all
int ¢ [L][M][N]; = colol?] [al2]
o053 [ a3

s O] x gl [l

c [1]{][K] V. o al5]

£ come]  [ae

£ cOItB|  [alr

O] x g-lopo] [ae

clo2[1] [ alo
co2l2| [ano
clO23|  [al]
CCa) ] < g-fmono] [Calr]
) clafoyt| [al3)
= clafo?| [ama
C [1][1][1] c[1][0][3] a[15]
clijio] [ “alie)
i=1  j=1 k=1 * V] ) [Caim
C[ {1 a[18]
]3| [alo)
* * c[1][2] X c[1][2][0] a[20]
a3 +1)a+ 1] Ckmen [
cZlz| [a22
23] a2

Series : 7. i
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