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Assumption

assume that

value(c) returns the hexadecimal number
that is obtained by printf(“%p”, c),

when the variable ¢ contains

an address as its value

type(c) can be determined

by the warning messsage of printf(*%d”, c),
when the variable ¢ contains

an address as its value

Series : 3.
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#include <stdio.h>
int main(void) {

int c[3] ;

printf ("c= %p \n", &c);
}

c= 0x7fffd923487c

#include <stdio.h>
int main(void) {

int c[3] ;

printf ("c= %d \n", &c);
}

t.c: In function ‘main’:

t.c:5:16: warning: format ‘%d’ expects argument of type ‘int’,
but argument 2 has type ‘int (*)[3]’ [-Wformat=]

printf ("c= %d \n", &c);
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Int *

int [N]

int|[]
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Differences in pointer types — int[4],Iint[ ], int *

type(int [4]) = type(int [ ]) = (int *) (intf4) o > (int) T
sizeof(int [4]) = 16 = 4*4 | (int)
(int)
(int) 1
(nt[) e »{(int) T
sizeofint[]) (int)
(int)
(int)
int*) e J(int) 1 .
sizeof(int *) = 8 (int) o
(int)
(int) ¢
an incomplete type
Series : 3 5 Young Won Lim
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Integer pointer and array types — int *, int [2], int [3]

Int *a;

a o /Z/V (Int)
a+l (mt)
ar2 | (INt)
a+3 (int)

a[0] = *a

a[l] =*(a+1)
a[2] = *(a+2)
a[3] = *(a+3)

syntactically legitimate

programmers must
ensure their validity

o »(NM)
p+1 | (IND)
b+2 (lnt)
v | (D)

b[0] = *b

b[1] = *(b+1)
b[2] = *(b+2)
b[3] = *(b+3)

syntactically legitimate

programmers must
ensure their validity

o (N
c+l (int)
c+2 | (In)
c+3 | (Int)

c[0] =*c

c[1] =*(c+1)
c[2] = *(c+2)
c[3] =*(c+3)

syntactically legitimate

programmers must
ensure their validity

Series : 3.
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Integer pointer and array types — int *, int [2], int [3]

Int *a;

a o | nD
a+l (mt)
ar2 | (INf)
a+3 (int)

a[0] = *a

type(a) =int*

type(&a) =int**

value(&a) # value(a)

sizeof(a)
= pointer size
= sizeof(int *)

Series : 3.
Array Pointers

Int b[2]

b o p{ (IND)

””””””””””””””””” p+1 | (INt)
beo | (IND)
s | (D)

b[0] = *b

type(b) =int*
type(&b) =int (*) [2]

value(&b) = value(b)

sizeof(b)
= sizeof(*b) * 2
= sizeof(int) * 2

&b and b evaluate
the same address
but have different types
and also different sizes

7

int c[3];

e o »(N)

77777777777777777777777777 c+1 (lnt)
o2 | (int)
c+3 (Int)

c[0] = *c

type(c) =int*

type(&c) =int (*) [3]
value(&c) = value(c)

sizeof (c)
= sizeof (*¢) * 3
= sizeof(int) * 3

&c and c evaluate
the same address
but have different types
and also different sizes
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Integer pointer and array types — int *, int [3]

Int *a; int c[3];
(int *) (int [3])
a o | (Y c o »{(ND
a+l (mt) 777777777777777777777777 c+1l (mt)
a+2 (mt) c+2 (int)
a+3 | (IN) c+3 | (Int)
sizeof (a) = pointer size sizeof (c) = sizeof(*c) * 3
value(&a) # value(a) value(&c) = value(c)
the address of pointer variable a is the starting address of array variable c
not equal to the pointed address is equal to the address of the 1% element
real memory location for a no actual memory location for ¢
a int* C int*
&a int** &c int (*) [3]
Series : 3. 3 Young Won Lim
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Integer pointer and array types — int [3]

int c[3]; int c[3];
(int [3]) (int [3])
R © e i@
””””””””””””” c+1 | (int) c+t1 e p{(ND
c+2 (int) C+2 ‘ ********** > (int)
b3 (MO (int)
sizeof (c) = sizeof(int) * 3 sizeof (¢c) = sizeof(*c) * 3 ... leading element

sizeof (c+1) = pointer size
sizeof (c+2) = pointer size

value(&c) = value(c) value(&c) =value(c) ... leading element
value(c+1) = value(c) + sizeof(*c) *1
value(c+2) = value(c) + sizeof(*c) *2

type(c) =int* type(c) =int*
type(c+l) =int*
type(c+2) =int*

type(&c) =int (*) [3] type(&c) =int (*) [3]

Series : 3 9 Young Won Lim
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Types of multi-dimension array names

nt  a; a o int int
int b [4]; b int[4] int (*) int *
int ¢ [4][5]; c :int [4][3] int (*)[5]

int  d [4][5][6]; d :int[4][5][6] == Int (*)[5][6]

array types array pointer types
specific types general type

Series : 3. Young Won Lim
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Array pointers v.s. Array

Cint)  int([B]  int(*)[5]6]
- Y N N
«int[2]  -int[2][5]  «int[2][5][6 specific types
«int[3]  sint[3][5] < int[3][5][6
int[4]  eint[4][5] < int[4][5][6
o ® ®
o o o
o ® o
\_ AN AN %

Series : 3. 11 Young Won Lim
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Int ** > Int* > Int

int (*) [4] > Int [4] > Int
Int
Int
Int

Series : 3 12 Young Won Lim
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Types of integer pointers

S primitive types K
: (int **) o —  » (int¥) o  , int ]
"' a pointer to a integer pointer a pointer to an int K
: sizeof(int **) = 8 bytes sizeof(int*) = 8 bytes P
: (int™M[A) o : » (int[4)] P -~ int
:. apointertoal-darray % |  anintarray name Int /
v sizeof(int(*)[4]) = 8 bytes i :' sizeof(int[4]) = 16 = 4*4 bytes int '
1 L4 ] L}
' A int K
an array : an aggregate type
compound / composite data types
Series : 3. Young Won Lim
13 10/12/20

Array Pointers



Variable declaration of integer pointers

int *q = &p; int *p = &a; int a;
int (*r)[4] = &c; int c[4];
rooe . c clo
c[1]
c[2]
Series : 3. oung Won Lim
Array Pointers 14 Y g\{\éuzbzo



Types and sizes of integer pointers

type(int [4]) = type(int [ 1) = (int *) int a;
int *p = &a;
int *q = &p;
“oGint*™) q e L (int*) p e  “int a
value(&q) # value(q) value(&p) # value(p) value(&a) # value(a)
sizeof(q) = pointer size sizeof(p) = pointer size sizeof(a) = 4
int c[4];
int (*r)[4] = &c;
YontE) e 5 (int[4]) e " int [0
value(&r) # value(r) value(&c) = value(c) int c[1]
sizeof(r) = pointer size sizeof(c) = 4*4 int cl2]
iInt c[3]
Series : 3. 15 Young Won Lim
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Sizes of integer pointers

a pointer to an int

sizeof(p) = pointer size (int*) p ® » Int
= 8 bytes on 64-bit machine o
= 4 bytes on 32-bit machine (mt ) p+le

> int

an int array name

an array : e e . 3 A :

an aggregate type (nt[4h) ¢ o = Int
sizeof(c) Int
= Sizeof(*c) *4 < pointer SizeOf(C) .
= sizeof(int) * 4 nerement INt
= 4*4 = 16 bytes i
e e AV 3 Y Int
(int[4]) c+le A int
| It
sizeof(c) | .
(©) INt
v INt
type(int [4]) = type(int []) = (int *)
Series : 3. 16 Young Won Lim
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Double integer pointer type — (int **)

T BT
an int array name (int)
size = 4*4 bytes | :

v (int)

ok | (int)

a pointer to a pointer /k (int *) o
(int **) o= a pointer to an int

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

(int **) type can point

only to (int *) type each of these types points
— an int array name (X) to an int type data

Series : 3. 17 Young Won Lim
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Integer array pointer type — (int (*)[4])

(int (*)[4]) type can point - (int [4]) (int)
only to int [4] type an int array name (int)
— an int array name size = 4*4 bytes (int)
ok (Int)

(int *) o

a pointer to a 1-d array a pointer to an int

(int (")[4]) @
1-d array pointer

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

each of these types points
to an int type data

Series : 3 18 Young Won Lim
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Array Pointers
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Pointer to an array — variable declarations

int m;
I Array Pointer Approach
- *n (pointer to arrays)

an integer pointer

int a [4] int func (int a, int b);
int (*p)  [4] int (*fp) (int a, int b);
an array pointer a function pointer

Series : 3. 20 Young \{\é)%zlilzrg
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Pointer to an array — a type view

: array pointer:
Int 4 byte data a pointer to an array
int * pointer array:

an array of pointers

an integer pointer

Int (int, Int) instructions

int (*) (int, int)

a function pointer

Series : 3 21 Young Won Lim
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Pointer to a 1-d array — (1) type declarations

Int (*p) [4], *p = 3 correspondence
—) p - &a assignment
1-d array pointer points o
\ = -
. ] —s a = &al0 equivalence
Int a [4], 0]
*a = al0]
&a and a print
the same address
but have different types
value(&a) = value(a)
type(&a) # type(a)
int (*)[4] % int [4]
those values are evaluated as addresses
Series : 3.

Array Pointers
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Pointer to a 1-d array — (2) types and sizes

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

(int (*) [4])

assignment

p=&a

P

sizeof(p) =
8 bytes

equivalence

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

sizeof(a) =
4*4 bytes

a = &al0]

(int)
ST variables
sizeof(a[0]) =
4 bytes
SRR addresses

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

fffffffffffffffffffffffffffffffffffffffffffffffffffff

Series : 3.
Array Pointers
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Pointer to a 1-d array — (3) an assignment & equivalences

&p &a oo &al0] el
equivalence a = &a[o]
&p %@ . a. . a o oalol
1 assignment p= &a
&p 3. .
substitution substitution (*p) =g
&p p it Ctenatolol
Series : 3. oung Won Lim
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Pointer to a 1-d array — (4) a chain of pointers view

(int (*) [4]) (int (*)) (int)
@ P Tploa a0l
arrow notation arrow notation
P le——iiade——enn a0
substitution substitution
P e e pleh
sizeof(p) = sizeof(a) = sizeof(a[0]) =
8 bytes 4*4 pytes 4 bytes
Series : 3. 25 Young Won Lim
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Pointer to a 2-d array — (1) type declarations

INt (*q) [4] [4], *q=cC correspondence
—) q = &cC assignment
2-d array pointer - uivalonce I
nt ¢ [4)4] —> ¢ = &ofo] 5 c[0] = &(O][0]
*¢ = c[0] *c[0] = c[0][O]

&c, ¢, c[0] print
the same address
but have different types

value(&c) = value(c) = value(c[0])

type(&c) #type(c) # type(c[O])
int ([4][4] #int[4][4]  #int[4]

those values are evaluated as addresses

Series : 3 26 Young Won Lim
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Pointer to a 2-d array — (2) types and sizes

int c [4][4]; assignment equivalence equivalence
int (*q) [4]; q=&c ¢ = &c[0] c[0] = &c[0][0]
(int (*) [4][4]) (int (*) [4]) (int [4]) = (int ) (int)
q e g ~ cloj[o]
sizeof(q) = sizeof(c) = 4 sizeof(c[0]) = 4 sizeof(c[O][0]) =
8 bytes A*/1*4 bytes 4*4 bytes 4 bytes ‘
&q & &0 &dOl]
Series : 3. ouna Won Lim
Array Pointers 27 Youns \{\8/12520



Pointer to a 2-d array — (3) an assignment & equivalences

q oda cl0][0]
&q & &0l &c[o][o]
equivalence equivalence
q & e cdol s clol[ cloo]
1 assignment
q g coocop 0 clol[ c[o][o]
substitution substitution substitution
q q. g o Co 9l ool (a)o[o]
Series : 3. oung Won Lim
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Pointer to a 2-d array — (4) a chain of pointers view

(int (*) [4][4]) (int (*) [4]) (int[]) (int)
q g = A 0 O
L—.—_—.—_—.—_—.—_—.—_—.—_—.—_—.—_—.—_—.—_._—.—_—.—_—.—_—i_—;_—.—_«.—?.—'_—l'arrovv notatior;“,‘—_—.— ——————————————— grrovv notation“‘\‘
q g el e = clO][0]
substitution substitutign substitution
q s = - Col) e = (a)[0][0]

sizeof(p) =
8 bytes

sizeof(a) =
4*4*4 hytes

————————————————————————————————————————

sizeof(a[0]) =
 4*4 bytes

sizeof(a[0]) =
4 bytes ‘

Series : 3.
Array Pointers
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1-d and 0-d array pointers to an 1-d array

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

correspondence *q = C, correspondence *p = *C,
(int(*)[4]) g = &C; (int (*)) P = C,
(*a)[i] = q[O][i] = c[i] pli] = c[i]
Seri : 3. oun on Lim
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2-d and 1-d array pointers to a 2-d array

2-d array pointer 1-d array pointer

correspondence *q = , correspondence *p = *C,
(int(*)[4][4]) g = &C; (int (*) [4]) P =C;
(*a)0i]b] = qlo](]b] = chlb] ph] = ch]

Series : 3 31 Young Won Lim
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Pointer types to a 1-d array : 2 cases

A correspondence assignment
int a | [4]; a Ra
| [ g |
nt [(p) | [4]; P p

1-d array pointer p

0d | correspondence assignment
int | a[4] ; *a a
1 T -
int [(a) ; *q q

Series : 3. 32 Young Won Lim
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Pointer types to a 1-d array : sizes of pointer dereferences

- fl‘{ assignment substitution
nt | a | [4]; p = &a; (P)Ii] = IO = ali]
Int (*p) \[4]/; sizeof(p) =4 or 8 bytes :the size of a pointer

1-d array pointer sizeof(*p) = 4*4 bytes : the size of an 1-d array

BC{ assignment substitution
nt - [af4]]  ; q=a; qli] = &
Int (*q) N /,; sizeof(q) =4 or 8 bytes : the size of a pointer

0-d array pointer sizeof(*q) = 4 bytes : the size of a 0-d array (int)

Series : 3 33 Young Won Lim
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1-d pointer to a 1-d array — a variable view

a+2
a+3

al2]

al3]

correspondence

*n = a

assignment

p = &a

points to a 1-d array —
a aggregated type data

p:int (*) [4] type

Series : 3.
Array Pointers
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0-d pointer to a 1-d array — a variable view

correspondence assignment
* —
it (*q) ; *q = a[0] q = &a[0]
55% *q o *a q - a
///’/'//////,II”

0-d array pointer points to an array element -
R an lnteger type data
muunmmumm,,
Ty

a[0] Int al4] ;
at+l a[1]
a+2 a[2]
a+3 a[3] g :int (*) =int * type
Array Pointers 35
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Incrementing a 1-d array pointer

int  (*p) [4];

value(p+1) — value(p)
= (long) (p+1) — (long) (p)

= sizeof(*p)
= 4 * sizeof(int)

Aggregate Type Size
pointer variable increment actual address numbers
S "(P+0) o » (X(p+0))[0] (long)
(*(p+0)) 1 (long) — (long)
(*(p+0))[2 sizeof(int
(*(p+0))I 3.
p+1 “(p+1) (*(p+1))[0] (long) (p) + 4*sizeof(int)
(*(p+1)[1]
(*(p+1))[2]
(*(p+1))[3]
Series : 3. 36 Young \{\8225'2%
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Incrementing a 1-d array pointer — extending a dimension

*(p+1)) : array name

p+1 *(p+1) *(p+1))[0]
*(p+1))[1]
*(p+1))[2]
"(p+1))I3]

4*sizeof(int)

*(p+1) = p[l] “ equivalence

p+1 p[1]

4*sizeof(int)

p[1] : array name

Series : 3. 37 Young Won Lim
Array Pointers 10/12/20



Substitution using a 1-d array pointer

. P pl0] e -~ »  p[O][O]
int (*p) [4]; mean S I
Ry p[O][2
v plO][3.
0 e | p+1 | p[d] e =  p[1][0]
p[L][1.
Fe p[1][2
! p[1][3. Y
P¥21 pl2l e = p2][0
p[2][1]
P(2][2]
v p[2][3.
° e Sizeof(*p) =
o ® A*sjzeof(int)
L L
Seri : 3. oun on Lim
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A 1-d array pointer — extending a dimension

int (*p) [4] ;

1-d array pointer

P ° can be viewed as a 2-d array name
: an additional dimension is extended
q 2”d dim
Sp#0| *(p+0) e = plO][0] p[o][1] p[0][2 p[0][3]
Pl - Mp+1) e m=  p[1][0] p[1][1] pP[1][2] p[1][3]
p+2. - *p+2) &=  p[2][0] pP[2][1] p[2][2] p[2][3]
p+3 | *(p+3)® [ ™ pl3]0] P[3][1] p[3][2] P[3][3]
15t dim (XX oo o eoo (XX o0o
- > - >
1-d array names 1-d array elements
Series : 3. oung Won Lim
39 o g
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A 1-d array pointer and a 1-d array

Int a [4]; Int (*p) [4] = &a;
1-d array pointer 1-d array pointer
p_o | B Sa P
*p = a
W a0l o (*p)o] | plo[o]
a[l1] (*p)[1] p[O][1]
al2] (*p)[2] p[O][2]
al3] (*p)[3] p[O][3]
Series : 3. 40 Young \{\é)%zlilzrg
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A 1-d array pointer and a 1-d array — a type view

Int a [4];

1-d array pointer
(int (*)[4]) pe-

Series : 3.
Array Pointers

(int *)

41

Int (*p) [4] = &a;

1-d array pointer

(int (*)[4]) pe-,

p[O][0]

(int) (*p)[0]
(Int

)
)
(int)
)

Young Won Lim
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A 1-d array pointer and a 2-d array

Int c [4]]4]; int (*p) [4] = &c|O];

1-d array pointer P e 1-d array pointer D e

=P c
&cfo] ™ o] o [(P=&c0] T pa  p o
777777777777777777777777777777777777777777777 assignment / - equivalence
A clolio] N ()0l | ploj[o]
c[O][1] (*p)[1] p[O][1]
clO][2] (*p)[2] plO1[2]
c[O][3] (*p)[3] p[O][3]
itrerr;sl?:os;.nters 42 Yo \{\6322%8



A 1-d array pointer and a 2-d array — a type view

Int c [4]]4]; int (*p) [4] = &c|O];

1-d array pointer |(int (*)[4])P e 1-d array pointer |(int (*)[4])p ®

(int *)

(int) p[O][0] | p[O][O]
(Int)
(Int)
(int)
itrerr;sl?:os;.nters 43 Yo \{\63225%



A 2-d array and array pointers

Series : 3. 44 Young Won Lim
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1-d array — an aggregate type view

_ An aggregate type a
- - starting address &a
It a [4]’ - size ) sizeof(a)
&a i |
al0]
: not actual — :
. starting | © memory all § .
“.address " locations . | | size SlZEOf(a)
------------- : a _2_ -.
al3] , 4 * sizeof(int)
Series : 3. 45 Young Won Lim
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2-d array — an aggregate type view

_ An aggr_egate type c
int ¢ [4][4]; - senngaddess £ o
&cC .‘\ not actual not actual (int) C[O][O] ‘
starting | ! locations locations (int) c[O][1]
. address | (int) c[O0][2] }
R CL g (int) c[O][3] [:
not actual (int) C[l][O]
ERa (int) c[1][1]

(int) c[1][2]

(int) c[1][3] size
not actual (int) c[2][0] |.

(int) cl2][1] | C

(int) c[2][2] } _

(nt) c[21[3]1 | = 2-d array size: ..
not actual (int) c[3][0] SizeOf(C):64 byteS :
ocatons (int) c[3][1] | = =4x4x4bytes

(int) c[3][2]

(int) c[3131 ], 3

Series : 3 46 Young Won Lim
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Pointer to a 1-d array — an aggregate type view

An aggregate type a

int (*p) [4], |nt a [4]’ starting address &a

size sizeof(a)

1-d array pointer

P *—
E&a;
&a a[0] $
starting a[l] |
address size(a) size
= 4*4 bytes al2]
a3 |,
sizeof(*p) = sizeof(a)
Serl : 3. oun on Lim
47 Youn o i
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Pointer to a 2-d array — an aggregate type view

Int (*q) [4][4];

»&C
/

— . starting
q=&C; /// address
q e 4
2-d array pointer
*q C

Int c [4][4];

An aggregate type

C

- starting address &c

- size sizeof(c)
(int () (4] e (int iy c[o] =] (int) c[O][O] | *
******* o | eseteion [ (ino cloI1]
e bytes | = 4% bytes (int)_clOl[2]
(int)_c[0][3]
nt{lycfi]i e (int) c[1][0]
fffff ey | <1
= 4*4 bytes (int) c[1][2]
(int)_c[1][3]
(intf)-cf2] ¢+ (int) cl[2][0] | | °°
""" sze(el) |t cr2]1]
= 4*4 bytes (int) c[2][2]
(int) _c[2][3]
ntfh)- - cf3] - e+ (int) c[3][0]
””” (int) c[3][1]
S bes | nt cI312)
(int) c[31[3]

Series : 3.
Array Pointers
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A 2-d array and its sub-arrays — array hame

int c[4][4];

C:

* the 2-d array name

* the 2-d array starting address

* the 1-d array pointer which
points to its 1 1-d sub-array

compilers do not allocate
a memory location for c

Series : 3.
Array Pointers

(int (*) [4]) c 0——»

c+1

c+2

c+3

49
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A 2-d array and its sub-arrays — subarray names

int c[4][4];

cli]
* al-d array name
* a 1-d array starting address
* a 0-d array pointer which
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
memory locations for c[i|’'s

Series : 3.
Array Pointers
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c+1l

c+2

c+3

The 1* subarray

(int[4]) c[1]

The 2" subarray

(int[4]) c[2]

The 3" subarray

(int[4]) c[3]

The 4™ subarray

Young Won Lim
10/12/20



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

2-d array name ¢ int (*) [4] (nt()[4]) e—=f(nt[4) e (inY
1-d array pointer ¢ int (*) [4] o E::g
v (int)
(int [4]) (int)
ointer (int)
1-d subarray name c[0] int [4] . (int)
1-d subarray name c[1] int [4] Y E'”g
i in
1-d subarray name c[2] int [4] (m;[:t]; (int)
1-d subarray name c[3] int [4] nerement (int)
(int)
(int [4]) (int)
(int)
C and_c[O] (int)
 different types (int)
* the same address of
the starting element
Series : 3. 51 Young Won Lim
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A 2-d array and its sub-arrays — type sizes

sizeof(c) = 4*4*4 bytes | Co— c[o]
sizeof(c) sizeof(c[0])
sizeof(c[i]) = 4*4 bytes Y
c[1] A
sizeof(c[i][]]) = 4 bytes sizeof(c[1])
________________________________________________________________________________________________________ y
c : the 2-d array name 5 cl2]
~c[il  :the 1-d array name sizeof(c[2])
- c[ilij] :the 0-d array name 5
' (a scalar integer) c[3] A
""""""""""""""""""""""""""""""""""""""""""""""""""""""" sizeof(c[3])
Y \ J
Series : 3. 52 Young Won Lim
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2-d array aggregate data type

The array ¢ (=subarray name)
sizeof(c) = 4*4*4 bytes
&c : start address

&C

(int(*)[4) ¢ e—> (nt[) c[0] ®—= (ny c[O][C]
””””””””””””””””””””””””””””””””””””””””””””””” (inty c[O][1]
(int) c[O][2]

The 1° subarray (int c[0][3]

(int (*) [4]) c+1 (nt[) c[1] (int) c[1][0]
(int) c[1][1]

) (int) c[1][2]

The 2" subarray ity c[][3]

(int (*) [4]) c+2 (intD) c[2] (int) c[2][0]
""""""""""""""""""""""""""" (int) c[2][1]
r it c[2][2]

777777777777777777777777777777777777777777777777777 The 3 ‘ SUbarray (|nt) C[2][3]
(int (*) [4]) c+3 (intd c[3] (int) - c[3][0]
(int) c[3][1]

t (int) c[3][2]

The 4" subarray ity c[3][3]

4*4*4 bytes

sizeof(c)

Series : 3.
Array Pointers
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1-d subarray aggregate data type

The 1% subarray c[0] (=subarray name) c+0 | (int[]) c[O] ‘—’ (int)  c[O][O] ‘ ~
sizeof(c[0]) = 4*4 bytes I (int) c[0][1] %
(c+0) : start address Lcli (int) c[O][2] 5
(inty c[O][3] y @
The 2" subarray c[1] (=subarray name) ctl | (int[]) c[1] 0—» (int) c[1][O] : ~
sizeof(c[1]) = 4*4 bytes 77777777777777777777777777 (int) C[l] [1] %‘.
(c+1) : start address ﬁf’c'gfnrem (int) c[1][2] “'g
(int) c[1][3] y @
The 3" subarray c[2] (=subarray name) c+2 | (ntp)  c[2] ._> (int)  c[2][0] : ~
sizeof(c[2]) =4*4 bytes | (nt) c[2][1] )
(c+2) : start address ipnocipetfr:ent i c2][2] §
(int) c[2][3] y B
The 4™ subarray c[3] (=subarray name) c+3 | (int) c[3] e— (int) c[3][O] '
sizeof(c[3])=4*4bytes e (int) c[3][1] g
(c+3) : start address (int) C[3][2] §
iy c@E |,
Series : 3. i
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Using a 1-d array pointer to a 2-d array

1-d array pointer
&p  (Int()[A) p e

*p = *C; correspondence “\(int (*) [4]) C - (int[) p[0] ®—* (nt) p[O][O]

| NGO L 3 | (int) plOJ[1]
p = C, assignment SR - (int) p[O][2]

(int _p[O][3]

p[i] = [i] substitution c+1 [ (nt[) p[1] e—=](int) P[][O]
”””””””” (int) p[L][1]

(in)_pl1][2]

. (ny p[1][3]

i c+2 | (ntD) p[2] &= (n)_pI2l[0]

| | (int) p[2][1]
int  [(*p) | [4] ; ncremen (int) p[2][2]
! (int) _p[2][3]

T c+3 [ (ntD) p[3] e—»|(int) P[3][O]

- o — e (int) p[3][1]
int [c[4] | [4] (in)_p[3][2]
(int) _p[3][3]

Series : 3 55 Young Won Lim
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Using a 2-d array pointer to a 2-d array

2-d array pointer

&q ((Nt(M)A]4]) J e
*q = C; m, (int (*) [4]) (*c)@— (int ) (*q)[0]®—* (int) (*q)[O][C]

_ D | (int) (*q)[O][1]
g = &cC; assignment R erement (int) (*)[O][2]
e o Y (int) (*[0][3]
(*C])[I] = C[I] substitution o+l (mt[])(*q)[l]o—» (in) (*q)[L][0]

I (int) (*q)[1][1]

increment (int) (*C])[l][Z]
- (int) *q[1][3]
= c+2 | (int[l) (*q)[2]e—=(int) (*0)[2][O]
_ | (int) (*q)[2][1]
int | (*a) | [4][4] ; erement (int) (*q)[2][2]
, (int) (*q)[2][3]
i | c+3 | (int[) (*q)[3]e—(int) (*a)[3][O]
: 1t v (int) (*q)[3][1]
Int C [4][4] ; (in) (*0)[3]12]
(int) (*q)[3][3]

g+1

Series : 3 56 Young Won Lim
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An n-d array pointers

ok pointer to an n-d array sizeof(p) = sizeof(*p) * 3 ... leading element
sizeof(p+1) = pointer size
sizeof(p+2) = pointer size
p 7777777777777777777777 0——> P value(p) = value(*p) ... leading element
- sizeof(p) value(p+1) = value(*p) + sizeof(*p) * 1

value(p+2) = value(*p) + sizeof(*p) * 2

- sizeof(p)

- sizeof(p)

Series : 3 57 Young Won Lim
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A 2-d array and its 1-d sub-arrays — a type view

int c[3][3];
(int (*) [4]) C.—-» (int [4]) c[O] e — (int) c[0][0] sizeof(c[0]) = sizeof(c[0][0]) * 3 ... leading element
************************************* | cjojrie—={(ny cloj[y] | Sizeof(clol+1) = pointer size
7777777777777777777777777777777777777777777777 C[O]+20 ~ (i) _c[0][2] sizeof(c[0]+2) = pointer size
c+1l ®——| (int[4])c[1l] e— (int) c[1][O] sizeof(c[1]) = sizeof(c[1][0]) * 3 ... leading element
”””””””””””””””””””” c[i]+1e— (i) C[LJ[] | sizeof(c[1]+1) = pointer size
C[l]+2l§ (nty  c[1][2] sizeof(c[1]+2) = pointer size
,,,,,,,,,,,,,,,,,,,, c+2 @] (int[4)c[2] ®— (int) c[2][O] sizeof(c[2]) = sizeof(c[2][0]) * 3 ... leading element
777777777777777777 c[2]+1®— (int) c[2][1] sizeof(c[2]+1) = pointer size
C[2]+2H (int) c[2][2] sizeof(c[2]+2) = pointer size
value(c[0]) = value(c[0][Q]) ... leading element
sizeof(c) = sizeof(c[0]) * 3 ... leading element value(c[0]+1) = value(c[0][0]) + sizeof(c[O][0]) * 1
sizeof(c+1) = pointer size value(c[0]+2) = value(c[0][0]) + sizeof(c[0][0]) * 2
sizeof(c+2) = pointer size _
value(c[1l]) = value(c[1][0]) ... leading element
value(c) = value(c[0]) ... leading element value(c[1]+1) = value(c[1][0]) + sizeof(c[1][0]) * 1
value(c+1) = value(c[0]) + sizeof(c[0]) * 1 value(c[1]+2) = value(c[1][0]) + sizeof(c[1][0]) * 2
value(c+2) = value(c[0]) + sizeof(c[0]) * 2 _
value(c[2]) = value(c[2][0]) ... leading element
value(c[2]+1) = value(c[2][0]) + sizeof(c[2][0]) * 1
value(c[2]+2) = value(c[2][0]) + sizeof(c[2][0]) * 2
Series : 3. 58 Young \fl/_\é)(;;_]ZI;Ing
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Integer pointer and array types — int **, int (*)[3], int[2][3]

int **p; int *c; V(&c) # v(c) int (*p)[3]; int c[3]; v(&c) = v(c)
(int **) (int (*)[3])
P ‘#\ (int ) o .#2 (int [3])
c o | (Y »lc o —»(NY
p+1 cér () [ c+1 | (int)
c+2 | (int) c+2 | (INf)
(Int) p+l o » (Int)
sizeof (p) = pointer size sizeof (p) = pointer size
sizeof (c) = pointer size sizeof (c) = sizeof(int) * 3
int* c[2]; v(&c[0]) # v(c[0]) int c[2][3]; V(&c)=v(c) = v(&c[0])=v(c[O])
(int * [2]) (int *) (int (M)[3]) (int [3])
c o > 0] ©| () c e »clo e »iny
"""""""""""" c[1] cloj+1 | (INf) o |(int)
clop+2 | (int) cpoj+2 | (Int)
(int) c+l c[1] @ ——»{(n)
"""""""""""" ca+1 | (int)
c[1]+2 (int)
sizeof (¢) = pointer size * 2 sizeof (c) = sizeof(int) *2* 3
sizeof (c[0]) = pointer size sizeof (c[0]) = sizeof(int) * 3
Series : 3.
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Integer pointer types

#include <stdio.h>

void func(int d[ ])
{

}

int main(void) {
int a[4];
int *b;
int **c;

int (*p)[4];

func(a);

Series : 3.
Array Pointers

sizeof(a)=16 = 4*4
sizeof(*a)=4

sizeof(b)=8
sizeof(*h)=4

sizeof(c)=8
sizeof(*c)=8

sizeof(d)=8
sizeof(*d)=4

sizeof(p)=8
sizeof(*p)=16=4*4

60

/[ array size
/] int size

/] pointer size
/] int size

/] pointer size
Il pointer size

/] pointer size
Il int size

/l pointer size
/] array size

Young Won Lim
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Multi-dimensional Array Pointers

Series : 3. 61 Young Won Lim
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(n-1)-d array pointer to a n-d array

int a[4] ; 1-d array
int (*p) ; 0-d array pointer (p = a)
Int b[4] [2]; 2-d array
Int (*q) [2]; 1-d array pointer (g = Db)
int c[4] [2][3]; 3-d array
int (*r) [2][3]; 2-d array pointer (r=c)
int d[4] [2][3][4]; 4-d array
Int (*s) [2][3][4]; 3-d array pointer (s =d)

the 1* dimension can be accessed by incrementing (n-1)-d array pointer

Series : 3 62 Young Won Lim
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n-d array name and (n-1)-d array pointer

int a[4] ; p = &al0];

int (*p) ; p=a,

int b[4] [2]; q = &b[0];

int (q) [2]; q = b;

int c[4] [2][3]; r = &c[0];

int (*r) [2][3]; I =C;

int d[4] [2][3][4]; s = &d[0]; s

int °s) [2I31141; s=d T do]

the 1* dimension can be accessed by incrementing (n-1)-d array pointer

Series : 3 63 Young Won Lim
Array Pointers 10/12/20



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 : 3.
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

64

(b = &a)

(G = &b)

(r = &c)

(s = &d)

Young Won Lim
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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 : 3.
Array Pointers

r = &C;

&d;

7))
[

65
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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]

[ a[3] X I R [1]  [O]

{ b[2] [O] [1]

[1] [2]

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

[1] [1]

[2]

{ [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] Fﬂ

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

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

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

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

[2]
Series : 3. oung 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)[41[2][3][4] = &d; I {3}
*********** [1]
3
, —

qg2— b [ b[0] Fﬂ fffff 2T Fﬂ
int b[4][2]; 2]
| [3]
int (*q2)[4][2] = &b; [ | o] [ o]
************* [ | [
S = e el [ T | o] H
a2l | | F 0]
T o] ]
i 3
e . 21 0]
int c[4][2][3]; E%
int (*r3)[4][2][3] = &c; [3]

Series : 3 67 Young Won Lim
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Initializing (n-1)-d array pointers

p0 —{a[0] 3 — ! d0] [ O] [ ToT- e
int a[4] ; int d[4](2][3][4] %

int (*p0) = a: R T I R o

[1]
5
> | PloL 0] 2 | [0
[1] ””””””” [1]

int b[4][2]; %{
ntCable)=br | o o
r2 —{c[0] | [0] | [0] 2]
¢ [1] [3]

2 |1 | |- [1] | [O]
[ T [0] [1]
[1] 2]
[2] [3]
T 21 [ [0
int c[4][2][3]; [1]
int (*r2)[2][3] = c; %{

Series : 3. 68 Young Won Lim
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array pointers to multi-dimensional subarrays

: —» 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],j=[0..1], k=[0..2]
Series : 3. 69 Young Won Lim
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Initializing array pointers to multi-dimensional subarrays

int d[4] [2][3]14];
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]

Series : 3. 70 Young Won Lim
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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], ...);

Series : 3. 71 Young Won Lim
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Double pointer to a 1-d array — a variable view (p, Q)

int (*) [4] int af4] ;
int (*p) [4] = &a ;

g o q-= &p :
/ int (**q) [4] = &p ;
&p ,

m p=&a;
m (=&p;

al2]

al3]

Series : 3 72 Young Won Lim
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Double pointer to a 1-d array — a variable view (q)

int (*) [4] int af4] ;
&q g ° q=&p ; int (*p) [4] = &a;
/ int (+q) 4] = &p ;
P | - p=é&a;
= J=&p;
(**q)[0]
(**q)[1]
(**g)[2]
(**q)[3]
Series : 3. 73 Young \{\é)%zlilzrg
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Double pointer to a 1-d array — a type view

int af4] ;
int (*p) [4] = &a ;

(int (**)[4]) e pointer to a 1-d array pointer
/ int (**q) [4] = &p ;
(int (*)[4]) 1-d array pointer

= p=&a;

o

(int *) a pointer to an int

(int)

(int)
(int)

Series : 3 74 Young Won Lim
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