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Integer pointer types

(int **) (int *)
a pointer to a integer pointer a pointer to an int
Size = 8 bytes Size = 8 bytes

(int (*)[4]) (int [4])

a pointer to a 1-d array an int array name
size = 8 bytes size = 4*4 bytes
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Integer pointer type : (int **)

> (int *) o, (int)
a pointer to an int (int)
(int)
(int)
a pointer to a pointer
(= o x - (nt4) .

size = 4*4 bytes

(int **) type can point nt[4] = (int [] = int*)

only to (int *) type each of these types points

— an int array name to an int type data
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Integer pointer type : (int (*)[4])

(int (Y)[4]) type can point v (int*) o —  (int)
only to int [4] type 7 apointer to an int (int)
— an int array name (int)
(int)

(int [4])

an int array name
Size = 4*4 bytes

a pointer to a 1-d array | (int (*)[4]) e
1-d array pointer

int[4] = (int[] =int*)

each of these types points
to an int type data
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Integer pointer types

#include <stdio.h>

void func(int d[])
{ sizeof(a)=16 /[ array size
sizeof(*a)=4 /l'int size
}
sizeof(b)=8 /] pointer size
int main(void) { sizeof(*h)=4 /Il int size
int a[4];
int *b; sizeof(c)=8 /] pointer size
int **c: sizeof(*c)=8 /] pointer size
int (*p)[4]; sizeof(d)=8 /] pointer size
sizeof(*d)=4 Il int size
func(a);
sizeof(p)=8 /Il pointer size
sizeof(*p)=16 /[ array size
}
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a 1-d array pointer — a type view

a pointer to a 1-d array

(int ()14]) - ~ (nt[) - = (inD)

the name of a 1-d int array (int)

(int)

(int)
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Contiguous 1-d arrays a, b, c

int a[4]; int (*r);

int b[4]; —
int c[4]; a al0]
a1
r o al2]
a[3]
b e ¥ b[O]
o[l
b[2
b[3]
assume contiguous 1-d arrays : a, b, c c o« » c[0]
C[1]
c[2]
taking no R
memory locations o -3-
[ (]
[ [
[ [
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Assigning series of array pointers

int a[4]; int (*p1)[4]; int (*r); int (*q)[4][4];
int b[4]; int (*p2)[4];
int c[4]; int ("p3)[4];
assignment equivalence
pl = &a (*pl) =pl[0] = a
p2 = &b (*p2) = p2[0] = b
p3 = &C (*p3) = p3[0] =c
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Series of array pointers — a type view

(int[4) - = (int)

the name of a 1-d int array | (int)

(int)

(int)

(@nt[d) o > (int)

the name of a 1-d int array | (int)

(int)

(int)

a 1-d array pointer |(int ()[4]) & (~|“nt[4])" e » (int)
a 1-d array pointer |(int (*)[4]) o / the name of a 1-d int array| (Int)
a 1-d array pointer |(int (*)[4]) e (int)
1-d array pointers (int)
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Series of array pointers — array pointers p1, p2, p3

int (*p1)[4];
int (*p2)[4]; « > 0
int (*p3)[4]: a " alo:
a[1]
assignment al2]
pl = &a al 3]
p2 = &b B —
p3 = &C L ¢ joj
b[1]
1-d array pointers b[2]
_b[3]
a 1-d array pointer pl o C e » [ [O0]
a 1-d array pointer P2 0// c[1]
a 1-d array pointer pP3 o | C EZ'
taking no 7
memory locations KCJB -
assume that array assume that array
pl, p2, and p3 are a, b, and c are
contiguous contiguous
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Series of array pointers — 1-d arrays via p1, p2, p3

assignment
pl =&a

p2 = &b
p3 = &cC

equivalence

(*pl) = p1[0] =
(*p2) = p2[0] =
(*p3) =p3[0]=c

LY

a 1-d array pointer pl p3[0] L E—
a 1-d array pointer p2 /

’

a 1-d array pointer p3

1-d array pointers
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p1[0]+ ™

p2[0]* ™

p1[0] 0.

p1[o][1:

| p1[0][2:

c
p2[0][0]

p2[0][1]

| p2 :[\2]

:;B]

N
o' 'o' [=iK=)

::l\_

0][2]

®)
w
o | O

taking no
memory locations

\p3[0][3]

13

assume that array
a, b, and c are
contiguous
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Series of array pointers — use p instead of p1, p2, p3

int (*p)[4]; —
. p[O] - R PlO][O]
assignment D O Ll
p = &a plO][2
equivalence pO [3.
o B 17 «  » YRS
(*p) = pl0] = a PLL] el
PIL][1]
P[L][2]
p[1][3
a 1-d array pointer o[2] © = /p20
a 1-d array pointer | p[2] M1
a 1-d array pointer o[2][2]
taking no P
_ rﬁelr?% rr;/OIocations P 2 ,.3.

1-d array pointers assume that array
a, b, and c are
contiguous
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Series of array pointers — use m and ¢

int (*q)[4][4] =m; m[0][O]
ntmial o m[O][1]
’ an array of int pointers m[0][2]
array of pointers ml0o13]
q N m|[O] */' m[1][0]
an array of 1-d arrays d+1 ml] e m[1][1]
q+2 m[2] e m[1][2]
: \ m 1 3
o m|[2][0]
m[2][1]
assignment equivalence m[2][2]
m[0] = a m[0] = *(m+0) = a m[2][3
m[l]=Db m[l] =*(m+1) = Db °
m[2] =c m[2] =*(m+2) =c assume arrays a, b, c ®
are consecutive .
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1-d array pointer to consecutive 1-d arrays

int (*p)[4]; ; —
p+0 p[O] > —> 0][0
’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’ O][1]
0][2
a pointer to a pointer array [0][3] |
R O T
. 1]
1-d array pointer 1][2]
\ (L8] |
assignment equivalence p+2 p[2] o — 2][0

p = &a (o+0)=poj=a |
*(p+1) =p[l]=b

:(p+2) =pl2]=c ‘

(p+2) =p[2] =d 0+3 =3 —

—1
e

if arrays a, b, c, d
are consecutive

© O 0 O © T O © O O]l T |© ©

830163 GWIN NN N

WN B Oolw N R Oolw N H
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A 2-d array and its sub-arrays — array hame

int c[4][4]; (int (*) [4]) c&— (int[4]) c[0] ® > (int) c[O][O]
””””””””””””””””””””””””””””””””””””””””””” (int) c[O0][1]

C: (i) c[O][2]
e the 2-d array name (int) c[O0][3]
 the 2-d array starting address (int[4]) c[1] (int) c[1][0]

e the 1-d array pointer (int) c[1][1]

(int) c[1][2]
(int) c[1][3]
(int [4]) c[2] (int) c[2][O]
(int) c[2][1]
(int) c[2][2]
(int) _c[2][3]
(int[4]) c[3] (int) c[3][0]
(int) c[3][1]
(int) c[3][2]
(int) c[3][3]

points to its 1 1-d sub-array

compilers do not allocate
c’'s memory location
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A 2-d array and its sub-arrays — subarray names

int c[4][4];

c[i]
e the 1-d array name
* the 1-d array starting address

* the 0-d array pointer
points to its scalar integer

c[0] the 1* 1-d subarray name
c[1] the 2" 1-d subarray name
c[2] the 3 1-d subarray name
c[3] the 4" 1-d subarray name

compilers do not allocate
c[i]’s memory location

Series : 7. Applications
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(int[4]) c[0] ®— (int) c[O][O]
””””””””””””””””””” | (int) c[O][1]
The 1% subarray E::g g{g}%
(int[4]) c[1] (int) c[1][0]
(int) c[1][1]

- (int) c[1][2]
The 2" subarray inty c[a][3]
(int[4]) c[2] (int) c[2][O]
(int) c[2][1]

y (int) c[2][2]
The 3™ subarray ity c[2][3]
(int [4]) c[3] (int) c[3][0]
(int) c[3][1]

" (int) c[3][2]
The 4™ subarray int  c[3][3]

18
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A 2-d array and its sub-arrays — type sizes

sizeof(c) = 4*4*4 bytes
sizeof(c[i]) = 4*4 bytes

sizeof(c[i][]]) = 4 bytes

c : the 2-d array name
~c[i] :the 1-d array name
~ c[il[i] :the 0-d array name
: (a scalar integer)

Series : 7. Applications
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(int (*) [4]) CO—

(int[4]) c[0] ®—*

(int)

clo][a]

(int)

clo][1]

(int)

c[0][2]

(int)

clol[3]

(int[4]) c[1]

(int)
(int)
(int)
(int)

c[1][0]
c[1][1]
c[1][2]
cl1l[3]

(int [4]) c[2]

(int)
(int)
(int)
(int)

cl2][a]
c[2][1]
c2][2]
c[2][3]

(int[4]) c[3]

(int)
(int)
(int)
(int)

c[31[0]
c[3][1]
c[3][2]
cl3l3]

19
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A 2-d array and its 1-d sub-arrays — a type view

2-d array name c int (*) [4] (int () [4) ce—{ (int[4]) c[0] ® = (int) c[O][O]
”””””””””””””””””””””” (int) c[O][1]
(int) c[O][2]
(int) c[O][3]
(int[4]) c[1] (int) c[1][0]
(int) c[1][1]

1-d subarray name c[0] int [4] (int) c[1][2]
1-d subarray name c[1] int [4] (in) _clL3]
_ (int [4]) c[2] (int) c[2][0]

1-d subarray name c[2] int [4] int) c[2][1]
1-d subarray name c[3] int [4] (int) c[2][2]
(int) c[2][3]

(int[4]) c[3] (int) c[3][0]
(int) c[3][1]

(int) c[3][2]

(int) c[3][3]

1-d array pointer ¢ int (*) [4]

c and c[0]
* different types
* the same address of
the starting element
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1-d subarray aggregated data type

The 1% subarray c[0] (=subarray name) c+0 | (int[) c[O] ‘—’ (int) c[O][O]
sizeof(c[0]) = 4*4bytes | (int) c[O][1]

(c+0) : start address (int) c[O0][2]

(int)  c[O][3]

The 2™ subarray c[1] (=subarray name) c+l | (int[) c[1] H (int) c[1][0]
sizeof(c[1]) =4*4bytess | (int) c[1][1]

(c+1) : start address (int) c[1][2]

(int) _c[1][3]

The 3" subarray c[2] (=subarray name) c+2 | (int[l) c[2] Q—> (int) c[2][0]
sizeof(c[2]) = 4*4 bytes | | (int) c[2][1]

(c+2) : start address iy c[2][2]

(int)  c[2][3]

The 4" subarray c[3] (=subarray name) c+3 | (int[) c[3] e—— (int) c[3][0]
sizeof(c[3]) =44 bytes | | (nt) c[3][1]

(c+3) : start address int c[3][2]

(int) c[3][3]
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2-d array name as a pointer to a 1-d subarray

2-d array name ¢

1-d array pointer ¢ (int(*)[4]) Cc &—> (int[) c[0] ®—=(nt) c[O][0]
””””””””””””””””””””” (int) c[O][1]
int) c[0][2
| The 1% subarray Eint; CHH
1-d array pointer c+1  (int () [4]) c+1 (ntd) c[1] (int) c[1][0]
(int) c[1][1]
(int) c[1][2]
| (int) c[1][3]
1-d array pointer c+2 (|nt(*)[4])c+2 777777777 (int[) c[2] (int) c[2][0]
(int) c[2][1]

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

1-d array pointer c+3  (int (*) [4]) c+3 (intl) c[3] (int) c[3][0]
(int) c[3][1]
(int) c[3][2]
(int) c[3][3]

The 2™ subarray

The 3" subarray

The 4" subarray
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1-d array and 0-d and 1-d array pointers

0-d array pointer : int pointer 1-d array pointer

int MCm Nl | int 8 (n) N4
T T

int Wcal §l ;. int W c N4

(int (*)) m = C; (int(*)[4]) n = &C;
m = &c|O0];
mli] = c]i] (*n)[i] = n[O][i] = c[i]
Series : 7. Applications 23 Young vvlozr/\45|1rg
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2-d array and 1-d and 2-d array pointers

1-d array pointer 2-d array pointer

(int (*) [4]) P = C, (int(*)[4][4]) g = &c;
p = &c[0];
pli] = c[i] (a)[1]0] = alO][b] = c[ih]
Series : 7. Applications 24 Young vvlozr/\45|1rg
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1-d array pointer to the 1-d subarray of a 2-d array

1-d array pointer

&p (nt()14) P e-
\ (int (*) [4) ¢ —9] (nt[) c[0] ® > (n)) c[O][O]
T N R (int) c[O][1]

int (*p)[4]

= C, (int) c[O][2]
(int) _c[O][3]
c+l | (int[) c[1] e— (int) c[1][O]
p=<c ! ~ [iny c[a][L]
(int) c[1][2]
_(int c[1][3]
c+2 | (int[l) c[2] e—= (nt) c[2][0]
(int) c[2][1]

An array pointer: (nt) c[2][2]
sizeof(p) = 8 bytes (int) c[2][3]
c+3 | (int[) c[3] e—(int) c[3][O]
1-d sub-arrays:  + (int) c[3][1]
sizeof(*p) = 4*4 bytes (int) c[3][2]
(int) c[3][3]
g+l
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2-d array pointer to a 2-d array

2-d array pointer
&g (ntM[4) 9

Int (*q)[4][4] = &c; (int () [4) ¢ ®—] (int[) c[0] ® >/ (int) c[O][O]

*********************************** (int) c[O][1]
(int) c[O][2]
(iny c[O][3]
q= &C: c+l [ (nt[) c[1] e—= (int) c[1][O]

”””””””””””””””””””””” | (int) c[1][1]
(int) c[1][2]
(int) _c[1][3]
c+2 | (nt[) c[2] e (int) c[2][O]

An array pointer: | 7 | in_ c2]I1
sizeof(c)) = 8 bytes E::t; 0{2}{2}

_ (int) _c[2][3]
1_—d sub-arrays : c+3 | (nt[]) c[3] e—(in) c[3][O]
sizeof(*q) = 4*4*4 bytes | | | (int) c[3][1]

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

q+1
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Using a 1-d array pointer to a 2-d array

1-d

int  [(*p) | [4] ;
i |

int |c[4] | [4] (int () [4) ¢ &—y] (int[) p[0] ®—*|(nt p[O][0]
(int) p[O][1]
(int)_p[0][2]
1-d aray pointer 1 [antD) p[1] e Sng E{%{?ﬂ

. "1 c+ Int o— (INn
& |(nt)4) po+——— | T | e R0 Pl
(int)_p[1][2]
(int) _p[1][3]

P=C, c+2 | @ntm p2] e—= (nt) p[2][0]
) N e (int) p[2][1]
pli] = cfi] (int) p[2][2]

(int)_p[2][3]
c+3 [t Ppl3] &~ (nd)_p3I[0]
************************************ (int)_p[3][1]
(int) p[3][2]
(int)_p[3][3]

q+1
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Using a 2-d array pointer to a 2-d array

int | (*q) | [4][4]
L

/ fffffffffffffffffffffffffffffffffff (int) (*q)[0][1]

(int) ("a)[O][2]
2-d array pointe/ (int) (*q)[0][3]
c+1 | (intD) (*q)[1]e—=|(int) (Cq)[L][0]

&p  [(nt)44) 9 ¢ | T (int) (*q)[1][1]

T
_ : (int) (*q)[1][3
3| = 6 o2 [ care = ()20}
I ) (int) ("Q)[2][1]
(*opli] = cli] (int) (*o)[2][2]
(int) (*0)[2]]3]
c+3 [T D CaEe =1 Ca)3I0]
************************************ (in) (a)[3][1]

(int) (*q)[3][2]
(int) (*a)[3][3]

Int C [4][4] ; @t @) Caje—] (ntD) (a)[o]® > (n) (a)IO][O]

q+1
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(n-1)-d array pointer to a n-d array

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

int b[4] [2];
int (*q) [2];

int c[4] [2][3];
int (*r) [2][3];

int d[4] [2][3][4];

int (*s) [2][3][4];

Series : 7. Applications
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1-d array
0-d array pointer

2-d array
1-d array pointer

3-d array
2-d array pointer

4-d array
3-d array pointer

29
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(9 =Db)

(r=c)

(s =d)
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n-d array name and (n-1)-d array pointer

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

Int b[4] [2];
int (*q) [2];

int c[4] [2][3];
int (°r)  [2][3];

int d[4] [2][3][4];
int (*s) [2][3][4];

Series : 7. Applications
of Array Pointers

p = &a[0];

P=a,

30
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n-d array pointer to a n-d array

int a [4];
int (*p) [4];

int b [4][2]
int (*q) [4][2];

int ¢ [4][2][3];
int (*r) [4][2][3];

int d [4][2][3][4];

int (*s) [4][2][3][4]

Series : 7. Applications
of Array Pointers

1-d array
1-d array pointer

2-d array
2-d array pointer

3-d array
3-d array pointer

4-d array
4-d array pointer

31

(b = &a)

(G = &b)

(r = &c)

(s = &d)
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n-d array name and n-d array pointer

int a [4];
int (*p) [4];

int b [4][2];
int (*q) [4][2];

int ¢ [4][2][3];
int (*r) [4][2][3];

int d  [4][2][3][4]
int (*s) [4][2][3][4];

Series : 7. Applications
of Array Pointers

r = &C;

&d;

7))
[
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multi-dimensional array pointers

p — a[0] q —®{ b[0] [O] r—= c[0] | [0] | [O]

| afl] [1] [1]

a[2] { b[1]  [O] 2]

[ a3] hf | | [1]  [O]

[ b[2]  [O] [1]

[1] [2]

b[3] [O] ~c[1] | [0] | [O]

[1] [1]

2]

( [1]1  [O]

. [1]

int a[4] ; 1-d array [2]

int (*p) ; 0-d array pointer c[2] | [0] Fﬂ

int b[4] [2]; 2-d array [2]

int (*q) [2]; 1-d array pointer | | [1] [(ﬂ

intc[4] [2][3]; 3-d array Fz]

int (*r)  [2][3]; 2-d array pointer c[3] | [0] [2]

intd[4] [2][3][4]; 4-d array {2%

int (*s)  [2][3][4]; 3-d array pointer [ [1] {%

[2]
Series : 7. Applications Young Won Lim
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Initializing n-d array pointers

pl— "a [a[0] s4—=_d_1do]| [0] { [0 Fﬂ

int af4] ; int d[4][2][3][4]. 2]
int (*p1)[4] = &a; int (*s4)[4][2][3][4] = &d; 1] {8}
************ (1]
................. g
q2=—= b_{b[0] Fl)% 77777 2] Fﬂ
int b[4][2]; %{
int (*q2)[4][2] = &b; [1] | [o] | [O]
************************ (1]
3 — "¢ Tc[0] [ [0] [2] }:24,%

21 | | F [ o]
@ o) H
[%] }3%
B 2] | [0]

int c[4][2][3]; %
int (*r3)[4][2][3] = &c; [3]
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Initializing (n-1)-d array pointers

p0 —{"a[0] s3—= d[0] | [O] | [0] Fﬂ
int a[4] ; int d[4](2][3][4] %

int (*p0) = a ntCsIBMA=d | ol

[1]
3
I 9] 2] | [0]
3 [ N I B a

int b[4][2]; %{
ntCabla=br 0o o
22— c[0] | [0] | [O] [2]
; 1] [3]

- | | |- [1] [ [O]
[ [  [0] [1]
[1] [2]
[2] [3]
,,,,, [2] | [O]
int c[4][2][3]; [1]
int (*r2)[2][3] = c; %
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array pointers to multi-dimensional subarrays

: —p d[0] | [0]
int d[4] [2][3][]; )
int (*s) [2][3]4;
d 4-d array name d[4][2][3][4]
3-d array pointer (*p)[2][3][4]
d[i] 3-d array name d[il[2][3][4]
2-d array pointer *q)[3][4]
d[i][j] 2-d array name d[i1[113][4]
1-d array pointer 9] I [1]
d[i][j][K] 1-d array name d[i][j][k][4]
0-d array pointer (*s)
|,],k are specific index values
i =[0..3],] =10..1], k=[0..2]
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Initializing array pointers to multi-dimensional subarrays

int d[4] [2][3][4];
int (*s) [2][3]4;

d 4-d array name d[4][2][3][4] PlIDIKI[]

3-d array pointer (*p)[2][3][4] int (*p)[2][3][4] = d;
d[i] 3-d array name d[i1[2][3][4] qlil[k][!]

2-d array pointer (*q)[3][4] int (*q)[3][4] = d]i];
d[i][j] 2-d array name d[i1[j113][4] r[K][I]

1-d array pointer (*r)[4] int (*r)[4] = d[i][]];
d[i][j][k] 1-d array name d[il[j][k][4] s|l]

O-d array pointer (*s) int (*s) = d[i][j][k];

i =[0..3], ] =[0..1], k= [0..2]
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Passing multidimensional array nhames

Int a[4] ;

int (*p) ; funa(a, ...); void funa(int (*p), ...);
int b[4] [2];

int (*q) [2]; funb(b, ...); void funb(int (*q)[2], ...);

int c[4] [2][3];
int (*r) [2][3]; func(c, ...); void func(int (*r)[2][3], ...);

int d[4] [2][3][4];

int (*s) [2][3][4]; fund(d, ...); void fund(int (*s)[2][3][4], ...);
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