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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:
Array Pointers

#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);

Young Won Lim
218124



int [4] array type

int (*) [4] array pointer type
Int * Integer pointer type
Int ** Integer double pointer type

Series 3: 4 Young Won Lim
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Outside and inside array types (1)

Int a [4]; int (*p) [4]; Int *q ; It **r ;
int (*) [4] int **
P e r e
p:&a; q=a,; rX&a;
Warning!
int (*) [4]\, int [4] int int (*) [4] int (*) int int (*) [41\, int (*) int
¢al'a [a0 | el a - ¥ a0 “a N
a[l] all]
a?] al2]
a[3] al3]

when accessing an array
outside of an array a

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

when accessing an element
inside of an array a

type(a) = int (¥

when accessing an array

outside of an array a
type( a) = int[4]
type(&a) = int (*) [4]
type(&a) # int **

Series 3:
Array Pointers
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Outside and inside array types (2)

outside of an array a int () [4]  int[4] int
. | when an array a is referenced,
 type(@)= int[4] &a| a al0] type(a) must be an array type,
a[l] in this example, int [4], therefore
/ al2| type(&a) must be always int (*) [4]
int (*) [4] a[3]
P o ’
e X N int* Xy int () [4
r & iIncompatible types cannot point to an outside array type

due to incompatible type

inside of an array a int
s — when an element of an array a is
type(a)—lnt() ,,,,,,,,,,, a:O: referenced, type(a) can be relaxed
ajl] from an array type to a pointer type
a2 here, int [4] can be relaxed to int (*)
int (*) [4] a[3]

P o / but type(&a) must be always int (*) [4]
int ** x int * /
r q e int* Xy int (¥

o - type(int (*)) = type(int *)

cannot point to an inside array type

Series 3: 6 Young Won Lim
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Outside and inside array types (3)

outside of an array a int (*) [4]  int[4] int
type(a) = int [4] cal a a[0] only abstract data type (int [4])
———————————————————————————————————— can be referenced by a pointer
a[l]
. a[2] int (*)[4] — 2w int [4] outside array type i
int (*) [4] a[§] |
p - int (*)[4] %é/y int*  inside array type |
X int *
~pl q e
B it (M 14l int (* : relaxed data types (int (¥))
_ y int ( )_[_L int () . |-nt cannot be referenced by a pointer
) s iy o &al a e o» a0
A A al] int ** %y int [4] outside array type
/'/ a2] int ** %V int (*) inside array type
X =
it it * int ** type can point
r T -] N - neither int [4] (incompatible type)
2 > q type(int (*)) = type(int *) nor int (*) (inside array type)

Series 3:
Array Pointers
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Int *
int [2]

int [3]

Series 3:
Array Pointers

an integer pointer
a 1-d array with 2 integer elements

a 1-d array with 3 integer elements
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Integer pointer and array types — int *, int [2], int [3]

Int *a;

int *

a

Int b[2];

v

Series 3:

int

Array Pointers

int [2] outside type
b int
int

abstract data b — size

int (*) inside type

b e»lint
int
virtual pointer b — address

int[2] —size  outside type
int (*) — address inside type

b e »int

int ¢[3];

int [3] outside type

C int
int
int

abstract data ¢ — size

c e > int
”””””””””” int
int
virtual pointer ¢ — address

int[3] —size outside type
int (*) — address inside type

c e » int

int

int

int

Young Won Lim

2/8/24



Incrementing pointers — int *, int [2], int [3]

Int *a;

a ® /z/v int
a+l | Int
a+2 | Int
a+3 int

a[0] =*a

1] = *(a+1)
- a[2] = *(at+2)
a3l =*@a+3)

int b[2]
b .~%~j> int
b |int
b+2 | int
b+3 | Int
b[0] = *b

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

int ¢[3];
c e nt
c+1 |nt
c+2 int
c+3 int
[0] = *c

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

Series 3:
Array Pointers
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Types and sizes — int *, int [2], int [3]

Int *a;

g&a  a ® 7/7 int
a+l | int
a+2 | Int
a+3 int

int b[2]
&b b .> |nt
b+t |int
b+2 | Int
b+3 | INt

& | ¢ o » int

c+1 | int
c+2 | Int
c+3 | Int

type(&a) =int**
type( a) =int*

type(*a) =int

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

type( b) =int[2] outside type
Int (*) inside type

type(*b) =int

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

type( ¢) =int[3] outside type
Int (*) inside type

type(*c) =int

value(&a) # value(a)

value(&b) = value(b) e

value(&c) = value(c) =5,

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

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

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

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

address replication
&c and c evaluate the same address
but have different types and sizes

Series 3:
Array Pointers
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Real pointer and virtual pointer types — int *, int [3]

Int *a; int c[3];
int * int [3]
a+l int c+l | int
a+2 int c+2 | int
a+3 int c+3 | Int
sizeof (a) = pointer size int * sizeof (c) = sizeof(*c) * 3 int [3]
value(&a) # value(a) int * value(&c) = value(c) int (*)

the address of pointer variable a is
not equal to the pointed address

real memory location for a

the starting address of array variable ¢ address replication

is equal to the address of the 1%t element
no actual memory location for ¢

type( a) =int*

type(&a) = int **

type( c) =int[3] outside type
int (*) inside type

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

Series 3:
Array Pointers
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Virtual pointer types of an array— int [3]

int ¢[3]; int c[3];
int [3] outside type |nt(*) 77777 i pside type
c e =int c e int
ot | int o+l e > int
ct2 | It 2 o = int
c+3 | Int c+3 | 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) < address replication - - » 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[3] outside type type(c) =int* inside type
type(c+l) =int*
type(c+2) =int*

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

Series 3: 13 Young Won Lim
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Array Pointers v.s. Pointer Arrays

Series 3: 14 Young Won Lim
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Array pointers and pointer arrays

1. array pointer p — a pointer to an array of int [4] type

int (*p) [4] ;

2. pointer array x — an array of pointers of int * type

int *x [4];

Series 3: 1 Young Won Lim
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Types of array pointer p and pointer arrays y

array pointer

e - —— ,,
| = * _ | (*p) is an array with 4 elements
I nt ( p) [4] y each element is an integer

~— L -7 p is a pointer to such an array

the type of (*p) : int [4]
the type of p : int (*) [4]

pointer array

y is an array with 4 elements
each element is an integer pointer

the type of y : int * [4]

[ 1 has a higher priority than *

(*p) must be grouped with [4]
y must be grouped with [4]

Series 3: 16 Young Won Lim
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Types of array elements (*p)[i] and y[i]

array pointer e

int

pointerarray:

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

in a statement

(*p) is an array with 4 elements

(*p)I0]. (*p)[1]. (*p)[2]. (*P)[3]

the type of elements : int

in a statement

y is an array with 4 elements

y[0]. yI1], yI2], yI[3]
the type of elements : int *

in a statement

y is an array with 4 elements

*y[0], *y[1], *y[2], *y[3]
the type of dereferenced elements : int

Series 3:
Array Pointers 17
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Array pointer p, array *p, integer (*p)[i]

p

[ ) p=4&a; *P=a
int (*) [4] \ 1
&p o |
P _ﬁ\\\k\\\\\jiifq[4] int [4] int
array pointer B *p (*p)[0! (*p)Iil # *pli]

int () [4] int [4] int |
integer array s [ o al0] ;

| an array of integers :
’ al]
. al2] /

int [4] ; 2 |

\‘ :O: parenthesis is necessary
(“p)[L]
i * . (*p)[2]
o Int Cp) I415 Cp)3
\\\\k; -
Series 3: 18 Young W02r}8|7i2n2
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Pointer array y, integer pointer y[i], integer *y[i]

~integer array &x X[O]

~ an array of integers X :
X_l_
\ = " X2
_int x [4]; XI3]
\ - S 4
- int
y[0]
int * [4] int * 1 *y[0]
pointer array &y 0] o | t
y 3;31- y(1] I:
y:2: :77 - L Myl
- * - | i 1
Int y [4] y y|'3'| o | - Int
" *YI2]
7 i o *ylil = *(y[i]
. *y[3] p);renthe)gis IS not necessary
i ] Y Won Li
Series 3: 19 oung 02r}8/|2n;
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Array pointers p v.s. pointer arrays y

/ - int (*)[4]\\ p=&x; *pP=Xx
/ -/

int Xx [4];

&p p o
int [4] int
| array pointer R e (*p)[0] (*p)[i] # *p[i]
3‘ (*p) :1: parenthesis is necessary
i . (*p)2]
- int Cp) [ @E
\\\ - //
_— int
y[0]
int * [4] int * 1 *y[0]
pointer array gy 0] o -
i 3;313 yl1] I:
y:2: :77 R N A E
1 * . L= :
Int y [4] y y[3] . Jo Int
i)
: : Ly Nt -
. *Y[B] p)grenthe);is IS not necessary
. ] Won Li
Series 3: 20 Young ()2r}8/|2n21
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Array pointers p v.s. array pointer g

/ int (*) [4] \ p=&X; *p =X int X [4] ;
//" &p p o /‘
\ | int [4] int
array pointer P *p (*p)[O] (*p)Ii1 # *plil
| ‘ (*p) :1: parenthesis is necessary
P % . (*p) 2
\ Int ( p) [4] 1 / (*p)[3] = *
[ int
y & ()[4 q=&y; *q=y S xrq)[0]
/ q q ‘/ |nt * [4] |nt * |nt
| : J — (a1
| array pointer SR (*q)[0]* o Ca)lld
f;“ (*q)[l].f o int
P ] (a2
. int*(*q) [4]; TEE " {xCg)2]
\\ g L il *qi
I - " *(*q) [3] égr)e[lr?tﬁegglis necessary
Series 3: 21 [
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Correspondence of pointer dereference *n, *p, *fp

iInt m ;
iInt *n ;

an integer pointer n

m and *n : an integer (int)

a and *p :al-darray (int[4])
with 4 integer elements

f and *fp : a function ( int (int, int) )
taking two integers
returning an integer

int a
1
int | (*p)

[4] ;
[4] ;

a 1-d array pointer p

int f (int, int) ;
| |
int (*fp) (int, int) ;

a function pointer fp

Series 3:
Array Pointers
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Variables and pointed types

n points to a integer

*

int  * .

an integer pointer n

*n dereference of n (int)

Int *

p points to a 1-d array

*p dereference of p (int [4])

N

nt (®) [4];

a 1-d array pointer p

Series 3:
Array Pointers

int (*) [4]

n poinis to an integer

p points to a 1-d array

that has 4 integer elements

fp points to a function
that takes two integers
returns an integer

fp points to a function

*fp dereference of fp

ﬂ

(int (int, int))

int (*@p) (int, int)

a function pointer fp

int (*) (int, int)

23
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Referring and referenced types

int

int *

an integer pointer

4 byte data

int * type variable
points to an int type data

int (*) [4] type variable
points to an int [4] type data

int (*) (int, int) type variable
points to an int (int, int) type function

int [4]

int (*) [4]

a 1-d array pointer

4*4 byte data

int (int, int) instructions

int (*) (int, int)

a function pointer

Series 3:
Array Pointers
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Correspondence of pointer reference n, y[i]

int m ; int x [4]; == X]i]

| 1

int* n ; int* y[4]; == yJi]

an integer pointer n a pointer array y
m :aninteger x[i] : an integer
n :aninteger pointer y[i] : an integer pointer
n can pointtom y[i] can point to x[i]
n=&m; yli] = &x[i] ;
M= m *ylil= x[i]

[ 1 has a higher priority than *
*y[i] = *(y[i]) unnecessary parenthesis

Series 3: 25 Young Won Lim
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Element types of a pointer array y

int *y [4];

[ 1 has a higher priority than *

y must be grouped with [4]

int * y [4; vl
integer

y is a 1-d array with 4 elements pointer

each element y[i], i=0, 1, 2, 3

has the type of an integer pointer
(int %)

Array Pointers

int x [4]; = X[i]

X is a 1-d array with 4 elements

each element x[i], i=0, 1, 2, 3
has the type of an integer (int)

int *y [4]; == *y[i]

integer

y is a 1-d array with 4 elements

the dereference of each element
*y[i], i=0, 1, 2, 3 is an integer

here, *y[i] = *(y[i]

Series 3: 26
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Assigning pointer variables n, p, fp

- int *n ; n :a pointer to an integer int *
int m;
“n p :a pointer to a 1-d array int (*) [4]
\\» N with 4 integer elements
&m
n=&m; m fp : a pointer to a function int (*) (int, int)
M= m that takes two integers
and returns an integer
nt () 4] int (*p) [4] ; int ¢) (inting int (*fp) (int, int) ;
S \int a[4]; &p | fp int f (int,int);
\
ga __nt[A] int \ &f int (int,int)
p=2&a; a alo] fp = &f; \’ function f
np- machine
*P=E a a:l: *p = code
a2
a3
: _ Young Won Li
Series 3: 27 oung 02r}8/|2n;

Array Pointers



Dereferencing pointer variables n, p, fp

. int *n ; *n :an integer int
int int mj;
S I L B *p :al-d array int [4]
\\>* - with 4 integer elements
n v
n=&m; *n *fp : a function int (int, int)
M= m that takes two integers
and returns an integer
nt ) 4 int (*p) [4] 5 ne ) nking int (*fp) (int, int) ;
& | P int a[4]; &p | fp int f (int,int);
\»* int [4] int AR t (int,int)
pf ‘*ln n fp "vln Ing,in
p=2&a; (*p) (*p) [0] fp = &f ; \’ function *fp
* np- machine
*PE a ( p)l *p = code
*p)2]
(*p)(3]
Series 3: 28 Young Won Lim
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Assigning pointer variables n and y[i]

int *n ;
int” int m;
&n n o

\\&T int int [4] _int
n=2&m; m *»| X[0

int *y[4];
int  x[4];

y[0] = &x[0] ; &| X "~ XU
V2] = &x(2] ; “2 (2]
y[3] = &x[3] ; X+3 X[3]
m : an integer int
int * [4] int *
n :an integer pointer int * wl y yO , :y[O] - x[0] ;
x :a l-d array with int [4] y:1: . *yg} : ig% :
4 integer elements yl2] ¢ *y3 = %3]
y[3] ¢ y[3] = x[3];
y :a1-d array with int * [4] )
4 integer pointer elements
. _ Young Won Li
Series 3: 29 oung 02r}8/|2n;
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Dereferencing pointer variables n and y[i]

int *n ;o int *y[4];
int * \ int m ; / : int X [4] y
&n n |
n=&m: *n y[0] = &x[0]; &| x Y9 *y[O
- y[1] = &x[1] ; Yy 1]
y[2] = &x[2] ; yi2] *y[2]
n :an integer pointer int * int * [4] int * |
*n : an integer int Yy y[O! ' *y[0] = x[0]
. . _ _ y[i] o *y[1] = x[1]
y[i] : an integer pointer int * y[2! ~ *y[2] = Xx[2]
3. VBl= xi3]
*y[i] : an integer int y
: _ Young Won Li
Series 3: 30 oung 02r}8/|2n;
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Array pointers

pointer to a 1-d array a and its 0-d sub-array a|0]
int (*p) [4]; (1-d array pointer) int a [4]; (1-d array)
int (*q) ; (0O-d array pointer)

pointer to a 2-d array c and its 1-d sub-array c[0]

int (*p) [3][4] ; (2-d array pointer) int ¢ [3][4]; (2-d array)
int (*q) [4]; (1-d array pointer)

Series 3: 31 Young Won Lim
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1-d array pointer p to a 1-d array a

int () [4] 1-d array pointer

p =&a; assignment _
N int  (*p) [4];

int (*) [T\ int [4] int
&a| a :1[0) = &a:
L~ 1_ p ’
all] d array
al2] : :
al3] Int [4] ;
outside of an array a
int (*) [4]
P ¢ *P = a equivalence
int (*) [4A]N\_ int [4] int
I (*p)[O]
(*p)[1]
(*p)[2
(*p)[3]
outside of an array a
Series 3: 32 Young W02r}8|7i2n2
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0-d array pointer g to a 0-d sub-array a|0O]

0-d array pointer

int  (*q) ;

int (%)
q g=a; assignment

int (*) int
&a| a e+ al0] 1- q=a;
all] d array

alZ| i
a3] Int a[4] :

inside of an array a
q g=a equivalence a[0]

int (¥) int &al0] = &*(a+0) = a

ga| a 1 q[0]

q[2
q[3]

inside of an array a

Series 3: 33 Young Won Lim
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1-d array access using p and q

int (*p) [4] = &a; int (*q) = a;
1-d array pointer 0-d array pointer
int (*) [4] int (*)
P e p = &a: assignment qg e q=a; assignment
*P=a equivalence g=a equivalence
int () [4]\ int [4] int int (*) int
P | *p (*p)[O &a| a ¢ q[0]
Cp) L ql]
(*p)[2] ql2]
(*p)[3] q[3]
outside of an array a inside of an array a
Series 3: 34 Young W02r}8|7i2n2
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2-d array pointer p to a 2-d array ¢ — reference

2-d array pointer 2-d array pointer

int (*) [3][4]

P e p=&c; assignment int (*p) [3][4] !

int (*) [3][4] yint [3][4] int [4] int 2-d array

& | ¢ c[0] c[0][0] .
c[0][1] It c [3][4];
c[0][2]
c[O][3]
c[1] c[1][0]
c[1][1]
c[1][2]
c[1][3]
c[2] c[2][0]
c[2][1]
c[2][2]
c[2][3]

outside of an array c

Series 3: 35 Young Won Lim
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2-d array pointer p to a 2-d array ¢ — dereference

2-d array pointer 2-d array pointer

int (*) [3][4]

P e p=&c; assignment int (*p) [3][4] !

*P=cC equivalence

int (*) [3][4] yint [3][4] int [4] int 2-d array
& | *p ¢p)[0] |[(*P)O]O _
GUE It c [3][4];
(*p)IO][2
(*p)IO][3
¢p)a]  |[CP)LIO
(*p)[1][1
(*p)[1]12]
(*p)[1][3]
¢tpI2] |CP)I2]O]
*p)[2][1]
(*p)[2]/2]
(*p)[2][3]

outside of an array c

Series 3: 36 Young Won Lim
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1-d array pointer g to a 1-d subarray c[0] — reference

1-d array pOinter 1-d array pointer
. &c[0] = &*(c+0) =c
int (*) [4] - * .
q e q=c; assignment INt ( q) [4] J
int (*) [47 int [4] int 1-d subarray
& | ¢ e i c[0] c[0] :
c[0] int c[3] [4];
c[0]
c[0]
c[1] c[1]
c[1] Declaration:
c[1] [3] means there are 3 elements
c[1] Expression:
[0], [1], [2] are used
c[2] c[2]
c[2] among 3 elements c[0], c[1], c[2],
c[2] consider the first one c[0]
c[2]

inside of an array ¢ = outside of an array c[0]

Series 3: 37 Young Won Lim
! 2/8/24
Array Pointers



1-d array pointer g to a 1-d subarray c[0] — dereference

1-d array pOinter 1-d array pointer
. &c[0] = &*(c+0) =c
int (*) [4] ; * .
q e q=c; assignment Int ( q) [4] ’
=C equivalence
int () [ATN int[4]  int 1-d subarray
& | ¢ <+ q[0] q[0] :
q[0] int c[3] [4];
q[0]
q[0]
q[1] q[1]
qli] Declaration:
ql[1] [3] means there are 3 elements
qll] Expression:
[0], [1], [2] are used
q[2] q(2]
q(2] among 3 elements c[0], c[1], c[2],
q[2] consider the first one c[0]
c[2]

inside of an array ¢ outside of an array c[0]

Series 3: 38 Young Won Lim
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2-d array access using p and q

2-d array pointer 1-d array pointer
nt *p) 1841 =&c; PTSC it pa)l=c = &0l
*P=c g=c
int (*) [3][4] int (*) [4]
P o outside of an array c d e outside of an array c[0]
int (*) [3][4] ¥y int [3][4] int [4] int int (*) [4] yint [4] int
& | *p (*p)[0] | CP)IO] & | ¢ = q0] qO]
(*p)[0] q[0]
(*p)[O] q[0]
(*p)[O] q(0]
¢tp)1] |CP)L] q[1] q[1]
("p)[] q[i]
(*p)[1] q[l]
(*p)[1] q[l]
*p)2] |[(*P)2] ql2] q[2]
(*p)2] q[2]
(*p)2] q(2]
(*p)[2] c[2]
Series 3: 39 Young Wozr)Sbizn;
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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

int (*) [4] int (*)
*p — a equivalence *q — a[O] equivalence
p = &a, assignment q = a, assignment
(*p)li] = afi] = p[O][i] qli] = afi] = *(q+i)

among 4 elements a[0], a[1], a[2], a[3],
consider the first one a[0] = *a

Series 3: 40 Young Won 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

int (*) [3][4] int (*) [4]
*p =C equivalence *q = C[O] equivalence
p — &c’ assignment q = c’ assignment
C"p)[0] = clilh] = p[O10]0] qli[] = (il = ((a+n)0]

among 3 elements c[0], c[1], c[2],
consider the first one c[0] = *c

Series 3: 41 Young Won Lim
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Extended references of 1-d & 2-d array pointers

1-d array pointer

int (*p) [4];

int c[4] [4];

(*p)li] = clO][]
(*p)

plill] = c[i]D]
("p+i)

Series 3:
Array Pointers

minimal
reference

extended
reference

42

2-d array pointer

int (*q) [3][4];

int ¢ [3][4];

Ca)li]a] = el
(*a)

q[m][i]0]
(*q+m)

minimal
reference

extended
reference

Young Won Lim
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Accessing a 2-d array using a 2-d & 1-d array pointers

1-d array pointer 2-d array pointer
nt (*p) [4] nt (*q) [3][4];
int c[4] [4]; int ¢ [3][4]
(D)) vaarayaccess (0) [i]] 2 aray access
p [ilj] 2 ey access qlm] iG] s anay access

Series 3: 43 Young Won Lim
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Array pointers to a 2-d array and its sub-array

int ¢ [3] [4]; 2-d array c

Int (*p) [3] [4] = &c; 2-d array pointer p

int( *q ) [4] = &c|[0]; c 1-d array pointer q
R P =&c; R

cli]i] Cp)II0E

cli] = qlil(]

Young Won Lim

Series 3: 44 218124
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Pointer chains and nested pointers

-

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

Series 3: 4
Array Pointers S

> Int

Int
Int
Int
Int

Young Won Lim
218124



Types of integer pointers

- -
-------------------------------------------------------------------

;' primitive types R
{ p
’ 1
S it e int? o 1 »lint :
. a pointer to an integer pointer a pointer to an integer :
N sizeof(int **) = 4 or 8 bytes sizeof(int *) = 4 or 8 bytes '.'
\‘ ____________________________
\‘ " _______
‘| l' ___________________________________
‘| : 'é S s“
1 . ' l' . . '
B int (*)[4] e | int[4] Int N
E a pointer to a 1-d array . an int array name Int )
", sizeof(int()[4]) = 4 or 8 bytes! i | sizeof(int[4]) = 16 = 4*4 bytes  int '
1 4, . l'
| .*" : INt '
A} e I /]
D il A N "
an array : an aggregate type
compound / composite data types
Series 3: 46 Young Won Lim
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Outside array type int [4]

int ** int * int
& q o P o— %4 a int a;
int *p = &a;
int *q = &p;
X
' q = &c notallowed " outside array type in rhs

. _ | c:int[4
~Int** ¢ int [4] incompatible types o .. iln';[ ([*)] [4]

int (*)[4] int [4] outside array type
&r r o 4l ¢ c[O] int c[4];
value(&c) = value(c) c[1] int (*r)[4] = &c;
T S ee sizeof(c) = 4*4 27
int (*)[4] == int [4] c[3]
Series 3: 47 Young W02r}8I7i2n;

Array Pointers



Inside array type int (*)

int ** int * int
“ q e % p e F a int a;
int *p = &a;
int *q = &p;
X
q = &c not allowed p = cC \ inside array type in rhs
I ! | e g *
incompatible types it ** >+ int [4] incompatible  int* int G :int (%)
wrong type it I inside type v
int (*)[4] ~int (*) inside array type Int
&r r e x $ c > c[O] int c[4];
77777777777777777777777777777777777777 cl1 ; int (*r)[4] = &c;
| r = &c ; cl[2 |
int (*)[4] int [4] outside type cl3 |
Cint (M)[4] % Int®)_ inside type ST
. incompatible and wrong type ~when an array is referenced, outside array type is used
S thus, the type of &c is always int (*)[4]
ri : Young Won Lim
Series 3 48 218124
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Outside array type int [4]

int (*)[4] int [4] outside array type
& r — 5l ¢ c[O] 4
value(&c) = value(c) c[1]
r = &c sizeof(c) = 4*4 c[2]
c[3] v
c="r clil = (*r)[i

*(c+i) = *((*r)+i)

int (*) inside array type int
value(&c) = value(c) &Cc e ; 777777 *(c+0) ¢‘
address replicating *(c+1) |
*(c+2)
. Xc+3) vy

sizeof(x) = 4 * sizeof(*c)

subarray / element partitioning

Series 3: 49 Young Won Lim
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Explicit and implicit array pointers

« Explicit array pointers
* Implicit array pointers in an array
* Sizes

* Types
* Values

Series 3: 50 Young Won Lim
! 2/8/24
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Type, size, and value of a and &a for a 1-d array a

: . outside of an array a —
mt a [4] ’ a as an abstract data

abstract data a
int (*) [4] int[4]

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

sizeof(a) = 4 * sizeof(int)
type(a) = int [4] (outside)

sizeof(a)

type(a) = int (*) (inside)

&a : the address of a

sizeof(&a) = 4 or 8 bytes

value(&a) = value(a)
type(&a) = int (*) [4]

Series 3: 51 Young Won Lim
! 2/8/24
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Type, size, and value of *a and a for a 1-d array a

inside of an array a -

Int a [4] ) a as a virtual pointer
primitive data *a
JREEE) it (%) int
&a | a i *(at0) } sizeof(*a) value(*a) = value(a[0])
x| *(a+l) sizeof(*a) = sizeof(int)
X+2 *(a+2) type(*a) = int
X+3 *(a+3)
a : the address of *a
value(a) = value(&al0])
sizeof(a) = 4 * sizeof(int)
type(a) = int [4]
type(a) = int (*)
Series 3: Young Wozr}8|7i2r?1
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Type, size, and value of ¢ and &c for a 2-d array ¢

: . outside of an array c -
Intc [3] [4] J c as arn abstract data
int (*) [3][4] int[3][4] int [4] int e
&c c c[O] c[0][0]
c[O][1] value(c) = value(&c[0])
c[0](2] sizeof(c) = 3 * 4 * sizeof(int)
c[0][3] type(c) = int [3][4]
cll] “{ﬂ Fﬂ type(c) = int (*)[4]
C :
c[1]2] sizeof(c)
c[1][3] &c : the address of ¢
c[2] c[2][0]
c[2][1] value(&c) = value(c)
c[2][2] Sizeof(&C) = 4 or 8 bytes
c[2][3] type(&c) = int (*) [3][4]
outside of an array c
Series 3: 53 Young W02r}8|7i2n2
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Type, size, and value of c[0] and c for a 2-d array ¢

- . inside of an array c -
Intc [3] [4] J c as a virtual pointer
iNEE<YT4] int (*) [4] int [4] int c[0] : abstract data *c
& | ¢ o> ¢[0] c[0][0]
c[O][1] . value(c[0]) = value(&c[0][0])
f(c[O
c[0](2] sizeoRelo) sizeof(c[0]) = 4 * sizeof(int)
c[0][3] type(c[0]) = int [4]
c[1] c[1][0] — int (*
o[1][1] type(e[O0]) = int (*)
c[1][Z]
c[1][3] c : the address of c[0]
c[2] c[2][0]
c[2]/1] value(c) = value(&c[0])
c[2][2] sizeof(c) = 3 * 4 * sizeof(int)
c[2]]3] type(c) = int [3][4]
outside of an array c type(e) = int (*)[4]
Series 3: 54 Young W02r}8|7i2n2
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1-d array pointer p — (1) pointer chain

1-d array pointer

int  (*p) [4]; p=ga
assignment
points to
1-d array
- ' e a = &al0 *p =
int a [4]; 0] p=a
,," equivalence dereference
! points to
(0] . *a=a[0]
*(X+0 " the 1% element dereference
—> a » alo >
X[0] X < P [0]
a pointer chain
I : Young Won Lim
Series 3 55 onLim
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1-d array pointer p — (2) types in a pointer chain

1-d array pointer

Nt (* [4]; int*»*  ——» int* > int notfor
int (*) [4] int (*) |
1-d array e i [4] > int
. -V
int  [a [4]; P> a > oap
array pointer int (*) — > int
relaxing
the 1%
dimension

array pointerint (*) [4] ——» int [4]

Series 3: 56 Young Won Lim
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1-d array pointer p — (3) relaxing the 15 dimension

1-d array pointer

= int *x > Atk 3 not for
I nt (* [4] , I it - Int this case
int (*) [4] int (*)
1-d array e i [4] A int
. . -
int | a [4] p »(a > a0
o the 1 int [4] int
(rj?rsze(r:si?)n a > a[O]
int (*) Int
»
*a
int
Series 3: 57 Young W02r}8|7i2n2

Array Pointers



1-d array pointer p — (4) assignment and dereference

int a [4]; assignment dereference equivalence dereference
int (*p) [4]; p=-&a *p=a a = &a|0] *a = al0]
int (*) [4] int (*) [4]
P e p=4&a; assignment P e *p = a dereference
int (*) [4] \ int [4] int int (*) [4] \ int [4] int
&a| a al0] P | *p (*p)[O]
all] (*p)[1]
a?] (*p)2]
a[3] (*p)(3]
Series 3: 58 Young W02r}8|7i2n2
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1-d array pointer p — 1-d array a

outside of an array a (a as an abstract data)

assignment

int (*) [4]
P ¢ p=24&a;
int (*) [4] \ int[4]

&al| a

Qo D

sizeof(&a) = 4 or 8 bytes

sizeof(a) =4 * sizeof(int)

Series 3:
Array Pointers

size of a pointer

size of a 1-d array

equivalence

int (*) [4]
P ¢ *p = a
int (*) [4] int [4]
P | *p | _(p)O]
- (*p)
E——
(*p)
value(&a) address value of a 1-d array a
= value(a) data value of a 1-d array a

Young Won Lim



0-d array pointer a — 0-d array aj0]

inside of an array a (a as a virtual pointer)

| p=&a; assignment ] *p = a  equivalence
int (*) int (*)
int [4] int int [4] int
&a| a ¢~ a0 P | *pe i~ _(*p)O]
a[l] (*p)[1]
a[2] (*p)[2]
a[3] (*p)[3]
sizeof(a) =4 * sizeof(int) size of a 1-d array value(a) = value(&a|0]) address value of an integer a|0]
sizeof(a[0]) = 4 bytes size of an integer value(a[0]) data value of an integer a[0]
Series 3: 60 Young Won Lim
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Overlayed representation

outside of an array a (a as an abstract data)
inside of an array a (a as a virtual pointer)

int (*) [4] int (*) [4]
P e p=4&a; assignment P e *P = a dereference
int (*) int (*)
int (*) [4] \ int [4] int int (*) [4] \ int [4] int
g&a| a > a0 P [ *pe > (*p)O]
all (*p)[1]
aj2] (*p)[2]
a[3] (*p)[3]
not a real pointer a value(&a) = value(a) = value(&a/0])
Series 3: 61 Young Won Lim
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2-d array pointer q — (1) pointer chains

2-d array pointer

: " _ q=&c
int  [(*q) [3][4]; |
points to assignment
2-d array ¢ = &c[0] *q = C
= l /,,,’
INt C [3] [4], ' points to equivalence dereference
\:I:::» c[0] = &c[0][0] *c = ¢[0]
equivalence dereference
\pointsto -
K “ecOlol  el0l=clo]o]
theist 7element7 77 dereference
X[0] X q HG ffffffffffffff »c[0] > c[O][OD
a pointer chain
Series 3: 62 Young W()2?8I7i2r2
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2-d array pointer q — (2) types in a pointer chain

2-d array pointer

. int *kk St k% Sk 3 not for
int (*CI) [3][4]’ int* ——» int > int > int et
int (*) [3][4] int (4]~ int(*) ~__
2-d array nt[3][4]  Aint[4] A nt
. - Y
int | ¢ [3][4]; q H<c ffffffffffffff > c[0] > ¢[0][0] >
el osclilo]
array pointer int (*) > int
relaxing
the 1¢
dimension
array pointer int (*)[4]————— » int [4]
relaxing
the 1%
dimension

array pointer int (*) [3][4] —®int [3][4]

Series 3: 63 Young Won Lim
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2-d array pointer q — (3) relaxing the 1% dimension

2-d array pointer

int (*q) [3][4]; int **  ——p it i > int* > int potfor
int (*) [3][4] int ()[4] ~_int(")
2-d array nt[3][4]  Aint[4] A nt
. v
int e |[3]4]; a »c o»co] >clo)o]
el osclilo]
int [3][4] int [4] int
gy e w0 > c[o][0]
int (*)[4] int (*) int
*C *c[0]
int [4] int
Series 3: 64 Young W()2?8I7i2r2
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2-d array pointer q — (4) assignment and dereference

int ¢ [3][4]; assignment dereference equivalence equivalence
int (*q) [3][4]; q=&  *q=c c = &cl0] c[0] = &c[0][0]
int (*) [3][4] int (*) [3][4]
q e q=4&c,; assignment q e *q=cC equivalence
int (*) [3][ int [3][4] int [4] int int (*) [3][ int [3][4] int [4] int
& | ¢ c[0] c[0] & | *q (*q)[0] |Ca[O]
c[0] (*q)[0]
c[0] (*q)[O]
c[0] (*p)IO]
c[1] c[1] CGo)1] |Ca)[i]
c[1] ("q)[1]
c[1] ("q)[1]
C[1] (q)[1]
c[2] c[2] g2 |Ca)l2]
c[2] (*q)[2]
c[2] (*q)[2]
c[2] ("q)[2]
Series 3: Young Won Lim
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2-d array pointer q — 2-d array c

int (*) [3][4] int (*) [3][4]
q e q=&c; assignment q e *q=cC equivalence
int (*) [3][ int [3][4] int[4] int int (*) [3][ int [3][4] int [4] int

& | ¢ c[0] c[0] & | *q (*q)[0] |CaIO]
c[O] (*a)[0]
c[0] (*q)[0]
cl0] (*p)IO]
R c[1] cl1] (q)[1] | Cald]
) c[1] (*q)[1]
S c[1] ("a)[1]
5 S c[1] (“a)[1]
2 § c[2] c[2] ¢aq)2] |Ca)2]
58 o[2) Q2]
$< c[2] (Ca)2]
E° c[2] (*q)[2]
sizeof(&c) =4 or 8 bytes size of a pointer value(&c) = address value of a 2-d array ¢

sizeof(c) =3*4 *sizeof(int) size of a 2-d array value(c) data value of a 2-d array ¢

Series 3: 66 Young Wozr}8|7|2r?1
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1-d array pointer ¢ — 1-d array c[0]

J q=&c; assignment J *g=cC equivalence
int (*)[4] int (*)[4]
int [4] int int [4] int
& | ¢ o> c[0] c[O] &c | *q > (*q)[0] |(q)0]
c[O] (*a)[O]
c[O] (*q)[O]
c[0] (*p)[O]
=03 c[1] c[1](0] (Gq)[1]  [Ca)[L]O]
B o Q c[1]1] (a)[1]]1]
> < g c[1][2] (Q)[1]2]
228 c[1]3] (e[
2 c[2] c[2][0] (o)[2] | Ca2]0]
898 c[2]1] (a)(2] ]
35 ° cf2]” (a2
8- c[2] 3] (a)[2] 3]
sizeof(c) = 3 * 4 * sizeof(int) size of a 2-d array value(c) = address value of a 1-d array ¢[0]
sizeof(c[0]) = 4 * sizeof(int) size of a 1-d array value(c[0]) data value of a 1-d array ¢[0]

Series 3: 67 Young Won Lim
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0-d array pointer c[i] — 0-d array c[i][0]

J gq=&c; assignment J *q=c equivalence
int (*) _ int (*) :
int int
c [c[o]e ] clO]0] *q | (*q)[0] > (*a)[0] 0]
c[O](1] (*a)[0](1]
c[0]/7] (*a)[0]7]
o5 S c[0]/3] (*p)[O]/ =]
== 0 +1 | ¢[1] ®>| c[1][0] *q+1| (*q)[1] ~ Ca)lL]O]
S3s  ©
3 0 @ c[1][1] (o)1) 1]
o 2o clL]2 Ca)L2
i é' > c[1]/3] (*q)[1]]2]
S53  c*2 [ezje ~| cRI0 *q+2 [ (+q)2] + Ca)[2]0
S84 c[2][1] (2]
o 33 c[2]?] (a)[2]/2]
BT c[2]/3] (*q)[2]/ 2]
sizeof(c[i]) =4 *sizeof(int) size of a 1-d array value(cli]) = value(&c[i][0]) address value of an integer c[i][0]
Sizeof( c[i][0] ) = sizeof(int) size of an integer value(cl[i][0]) data value of an integer c[i][0]
Series 3: 68 Young W()2?8I7i2r2
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Overlayed representation

int (%) [3]74] int (%) [3]14]
q e q=&c; assignment q e *q=cC equivalence
int (*)[4] int (*) int (*)[4]  int (%)
Int [3][4] int [4] int int [3][4] int[4] int
& | ¢ o> c[0] e > c[0][0] &c | *q * > (*q)[0]; > (*q)[0][0]
c[O][1] (*a)[0][1]
c[0][2] (*a)[0][2]
c[O0][3] (*p)[O][3]
c[1] *> c[1]0] q)[1] > Ca[1]0]
c[1][1] (a)[1][1]
c[1][2] Ca)[1](2]
c[1][3] (a)[1][3]
c[2] =~ c[2][0] (*q)[2] > (a)[2][0]
c[2][1] (a)[2]]1]
c[2][2] (*a)[2]/2]
c[2][3] (*a)[2](3]
not a real pointer ¢ value(&c) = value(c) = value(&c|0]) = value(c[0]) = value(&c|0][0])
not a real pointer ¢ value(&c[i]) = value(c[i]) = value(&cli][0])
Series 3: 69 Young W()2?8I7i2r2

Array Pointers



int [4] a 1-d 4-element integer array
int|[ ] a 1-d unsized integer array
int (*) a 0-d integer array pointer (int *)

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

Series 3: 70 Young Won Lim
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Sizes of Int [4], Int [ ], Int * types

an incomplete type

sizeof(int*) =4 or 8 undefined size | sizeof(int [4])
Sreni ) \_= sizeof(int) *4 = 16 J/

o int
int outside array type
pe| : int [ ] int int [4] int
el plo] | a a0] | a al0] |
p[1] all] all]
p[2] al?] al?]
pI3] a[3] a3 |
: : # inside array type
used to pass arrays int (% nt
to a function a ¢ a0
all
: : P, al?]
type(int[4] ) c type(int[]) = type(int (*)) = int a['S']
abstract relaxed 0-d array int
data data pointer pointer &a = value(a)

Series 3: 71 Young Won Lim
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(int argc, char * argv[ ]) example

char MSB  LSB
char * [] char * — .A.
- char
" | argv argv(0] e : *E E
argv(l] _| 'C'
argc=4 - .
argv(2] e | char - .
L argv[3]e | B .
char
m K
. char relaxed 1
char* (*)  char* T char *[1  gmension
, : char
e argv .» argv(0] « N 7>E E i
argv(1l] _| 'C array
argc=4 o - . char * (*) pointer
gv[2] e | char - . char * *
L argv[3]e | B G .
_ char
Series 3: Young Won Lim
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Double pointer to a 1-d array — a variable view (p, q)

int af4] ; int (*p) [4]=&a; int (*q)[4]=&p;
int (**) [4] assignment int (**) [4]
&q q e q=&p ; &q q
int (*) [4] assignment int (*) [4]
& | P e| p=&a; q *qe
int [4] int X int [4] int
&a| a aj0] *q | **q (**q)[0]
a[l] (**q)[1]
al2] (**a)(2]
a/3] a)[3]
Series 3: 73 Young W02r}8|7i2n2
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Double array pointer

int a[4] ; 1-d array a int (*p) [4] = &a ;
int (**q) [4] = &p ;
int (**) [4] int (**) [4] must be
&q q e &q q e glﬁ%)%:atedt;nd
ol aray atcess
,int (*) [4] int (*) [4]
&p|_p e a | q[0]
\\' int [4] int Xint [4] int
*q | **q (**q)[0] alo] | *qo] | (*a[0)[C]
(**q)[1] (*a[0])[1]
(**q)[2] (*a[0])[2]
(**q)[3] (*q[0])[3]
Series 3: Young Won Lim
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2-d array access with a double array pointer

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

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

int () [4] int () [4] (2] must be
&q q e qd e allocated and
assigned for a
2-d array access
X int (*) [4] \ int (*) [4]
qa | g[0] a | q[0]
\' q+1 q[l] ° \ extended reference
int [4] int int [4] int
alo] [ *q[o] (*q[0])[0] ql0] | *q[0] | (*q[O])IC]
(*a[o])[] (*a[0])[1]
(a[o])[2] (*al0)[2]
(“q[0])[3] (*a[0])[3]
o1 | *alol+1)  |¢@or1)o] all] |*q[1] |Call])[o]
(@O D)[1] ("a[d][1]
extended reference @O 1)2] extended reference (*q[l])[2]
(*(q[0]+D))[3] ("a[1Di3]
Series 3: Young Won Lim
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Array pointer and subarray types

int (*r[2]) [4] = {&a, &a+1} ;

int (**)[4]

int (*(*))[4]

int (*[2])[4] int (*)[4]
&r|r rl0] e

r[O]

r[1]

extended reference

L \ [4]
Int

int

*r[0]

(*r[0])(O]

(*r[O])[1]

(*rlOD[2]

(*rlO](3]

*r[1]

(*r(1])IO]

(*r{2])[1]

(*r1])(2]

CriDis]

int b[2][4]:

relaxing the 1%

dimension

e int[2][4]

2-d array b

int [4]

int

b

b[O]

b[0][0]

b[O][1]

b[0][2]

b[O][3]

b[1]

b[1][0]

b[1][1]

b[1][2]

b[1][3]

—p int (4]

int (*)

b ]

b[0] —

b[0][0]

b[O][1]

b[0][2]

b[O][3]

b[1l] —

b[1][0]

b[1][1]

b[1][2]

b[1][3]

abstract data
size view

outside type
of each subarray

virtual pointer
address view

inside type
of each subarray

Series 3:
Array Pointers
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Relaxing the 15t dimension of an array
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array types

function calls

Multi-dimensional array types

possible function prototypes

int a[4]; funa(a); funa(int [4]) ; array type specific type
funa(int[ ]); relaxed array ~ general type
funa(int (*) ) ; array pointer  general type
int b [4][5]; funb(b); funb(int[4][5]);  arraytype specific type
funb(int[ ][5]) ; relaxed array ~ general type
funb( int (*)[5] ) ; array pointer  general type
int c [4][5][6]; func(c); func(int [4][5][6] ) ; array type specific type
func(int [ ][5][6] ) ; relaxed array  general type
func(int (*)[5][6] ) ; array pointer  general type
Series 3: 78 Young Won Lim
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Multi-dimensional array types

array type array type array type

int m [4]; int n [5]; int k [6];

funa(int[4] ) ; funb(int[ ]); func(int (*) ) ;
array relaxed array array pointer
specific types general type general type
funa(m); funb( m); func(m);
funaf); < funb(n); func(n);
funafl)s < funb( k) ; func( k) ;
Series 3: 79 Young W02r}8|7i2n2
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Super types and sub types

specific types specific types specific types
int [2 int [2][5] int [2][5][6
int [3 int [3][5] int [3][5][6
Int [4] Int [4][5 Int [4][5][6

N NN

nt[]  int[ 5]  int[ 1[5]06] dmension

nt®) it intEEe e

general types general types general types

Series 3: 80 Young Won Lim
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Relaxing array types

int [3][4][5] int [ ][4][5] int (*)[4][5]

3-d array the 1sdimension 2-d array pointer
relaxed

int [4][5] int [][5] int (*)[5]

2-d array the 1s'dimension 1-d array pointer
relaxed

int [5] int [ ] int (%)

1-d array the 1s'dimension 0-d array pointer
relaxed
undefined size pointer size

Series 3: 81 Young W()2?8I7i2r2

Array Pointers



Passing an individual element by reference

e nt int []=int () int
a a[o] a 0 ——————————— > *(@)

aa;] | | *(a+1)

al[2] *(a+2)

8.3 *(a+3)

int|[] relaxing the 1%t dimension

N
int [4] C int (¥)  pointer to a 0-d array
{1
int * pointer to an integer
Series 3: 82 Young W()2?8I7i2r2
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Passing a n-d array pointer

alil]  (*p)Ii]

1-d array

: _ ] _ a —™ a0 (PO

INt a [4] : @ a:int[4] A1) (o]
&a :int (*) [4] a[2] (p)I2]

a[3] QIE]

funa(&a, ...);

fffffffffffffffffffffffffffffffffffffffffffffffffffffffffff void funa(int *p)(41, ...»

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

83 Young Won Lim
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Passing a (n-1)-d array pointer

a[i] p[i]

1-d array
i : - a —™ a0 p[O]
inta[4]; @ al] | pl]

a:int [4] a[2] p[2]
a[3] [3]
funa(a, ...); | i
fffffffffffffffffffffffffffffffffffffffffffffffffffffffffff void funa(nt(*p), .. ¢{
0-d array pointer p 1 int (¥) INnt (*p)
o int p{
P - pli] V) int p[4]
S
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, }
Series 3: 84 Young Wozr}8|7i2r?1
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Passing n-d array pointers

1-d array 1-d array pointer
inta[4]; funa(&a, ...); void funa(int (*p)[4], ...);
ali] ()il
2-d array 2-d array pointer
int b [4][2]; funb(&b, ...); void funb(int (*q)[4][2], ...);
blil[j] (a)Iil[i]
3-d array 3-d array pointer
int ¢ [4][2][3]; func(&c, ...); void func(int (*r)[4][2][3], ...);
c[illilK] (n)[GITK]
4-d array 4-d array pointer
int d [4][2][3][4]; fund(&d, ...); void fund(int (*s)[4][2][3][4], ...);
d[iILKI] (*s)IiTLKIL]
Series 3: 85 Young Won Lim
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Passing (n-1)-d array pointers

1-d array 0-d array pointer
int a[4] ; funa(a, ...); void funa(int (*p), ...);
a[i] pli]
2-d array 1-d array pointer
int b[4] [2]; funb(b, ...); void funb(int (*q)[2], ...);
blil[i] alilii]
3-d array 2-d array pointer
int c[4] [2][3]; func(c, ...); void func(int (*r)[2][3], ...);
c[illiIk] rTilIk]
4-d array 3-d array pointer
int d[4] [2][3][4]; fund(d, ...); void fund(int (*s)[2][3][4], ...);
dLiIEGKIL] STTLKIL]
Series 3: 86 Young W02r}8I7i2n;
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Receliving (n-1)-d array pointers

1-d array
inta[4];
a .. int[4]

funa(a, ...);

void funa(int (*p), ) { 0-d array pointer p i int (%) a[i]
void funa(int p[ ], ) { 1-d array, relaxed p:int[] a[i]

void funa(int p[4], ) { 1-d array p i int [4] a[i]

Series 3: 87 Young Won Lim
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Int (*) and int [ ] types

supertype subtype
int (*p) ~ int p[ | = int p[4]
minimal
p reference P p > _rld
p[1]
p[2]
extended p[3]
references
[ ] [ ]
[ ] [ ]
[ ] [ ]
int p[ | unsized array expression is only allowed
* in a function definition
* in an initialization
I : Young Won Lim
Series 3 88 vl
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The 1%t dimensions

int a[4] ;

int (*p)
int p[ ]
iInt p[4]

P[]

Series 3:
Array Pointers

int b[4] [2] ;

int (*q)
int g ]
int q[4]

[2]
[2]
[2]

qliln]

int c[4] [2][3] ;

int (*r)
intrf |
int r[4]

[2][3]
[2][3]
[2][3]

rD]EK]

39

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

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

[2][3][4]
[2][3][4]
[2][3][4]

s[]DICK]LT]

Young Won Lim
2/8/24



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 .Jr\(int *) ‘ P .%2 (int [3])
c o | Ny »lcC o »{(Ny
p+1l c+l (mt) 777777777777777777777777 c+1l (int)
c+2 (int) ct+2 (int)
(int) p+1 ® »| (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[0])
(int* [2]) (int *) (int (*)[3]) (int [3])
c o > 0] o 0 c e »clo] e Y
777777777777777777777777 c[1] cloj+1 | (INf) o2 [ (Int)
cop+2 | (INt) cioj+2 | (Int)
(Int) c+1 c[1] o (Nt
”””””””””””” cfaj+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: 90 Young Won Lim
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Integer pointer types

#include <stdio.h>

void func(int d[ ])
{ sizeof(a) =16 =4*4 /[ array size
sizeof(*a) = Il int size
} sizeof(b) =8 Il pointer size
int main(void) { sizeof(*b) =4 /] int size
int a[4];
int *b; sizeof(c) =8 Il pointer size
int **c; sizeof(*c) =8 Il pointer size
sizeof(**c) =4 Il pointer size
int (*p)[4];
sizeof(d) =8 Il pointer size
func(a); sizeof(*d) =4 /] int size
sizeof(p) = I/ pointer size
} sizeof(*p) =16 =4*4 /] array size

Series 3: 01 Young Won Lim
! 2/8/24
Array Pointers



References

[1] Essential C, Nick Parlante

[2] Efficient C Programming, Mark A. Weiss

[8] C A Reference Manual, Samuel P. Harbison & Guy L. Steele Jr.
[4] C Language Express, I. K. Chun

Young Won Lim
218124



	Slide 1
	Slide 2
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 11
	Slide 12
	Slide 13
	Slide 14
	Slide 15
	Slide 16
	Slide 17
	Slide 18
	Slide 19
	Slide 20
	Slide 21
	Slide 22
	Slide 23
	Slide 24
	Slide 25
	Slide 26
	Slide 27
	Slide 28
	Slide 29
	Slide 30
	Slide 31
	Slide 32
	Slide 33
	Slide 34
	Slide 35
	Slide 36
	Slide 37
	Slide 38
	Slide 39
	Slide 40
	Slide 41
	Slide 42
	Slide 43
	Slide 44
	Slide 45
	Slide 46
	Slide 47
	Slide 48
	Slide 49
	Slide 50
	Slide 51
	Slide 52
	Slide 53
	Slide 54
	Slide 55
	Slide 56
	Slide 57
	Slide 58
	Slide 59
	Slide 60
	Slide 61
	Slide 62
	Slide 63
	Slide 64
	Slide 65
	Slide 66
	Slide 67
	Slide 68
	Slide 69
	Slide 70
	Slide 71
	Slide 72
	Slide 73
	Slide 74
	Slide 75
	Slide 76
	Slide 77
	Slide 78
	Slide 79
	Slide 80
	Slide 81
	Slide 82
	Slide 83
	Slide 84
	Slide 85
	Slide 86
	Slide 87
	Slide 88
	Slide 89
	Slide 90
	Slide 91
	Slide 92

