Pointers
(review + memory allocation)
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Pointers in C

Understanding pointers is critical in learning C.

In a computer, data are stored in memory as
address - data pairs

A pointer’s data field is an address.

Programmers have no control Address Data

of the addresses of data. 0X00000000

Programmers can control OX08001F00 | =

the data of pointers, i.e. where

they point to. 0X1A0088FO 4| 642

\
\ --

OX1BFE0000 |0X1A0088FO0
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Pointer Operation (review)

Int * p; [* p Is a pointer to an integer */
int x = 123: Address Data
int y = 987; somewhere (&x) x | 456
— . * I * \
p=&x / p points 1o X / somewhere (&p) & X
p— [X somewhere (&y) 987

*p = 456 [* X 1S 456 now */

Address Data

P=&Y; [* P points toy */ somewhere (&x) 456

P y somewhere (&p) &y

*p=-765  [*yis-765now*  [somewhere(&y) “|-765
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Jerminal

File Edit Wiew Terminal Help

[Ubuntu Linux ] more polnterl.c
$#include <stdio.h>

int main(int argec, char * argv[])

{
int a = 100;
int * b; /* b is a pointer to an integer */
b = &a; /* b points to a */ b > | a
*h = 200; /* The value where b points to

is changed to 200 */
printf("a's value is %d\n", a);
int ¢ = 300;
b = & c; /* b points to ¢ */ b C
* b = 400; /* The value where b points to

is changed to 400 */
printf("c's value is %d\n", c);
return 0;

}
[Ubuntu Linux ] gcec pointerl.c -o pointerl

[Ubuntu Linux ] ./pointerl -
a's value is 200
c's value is 400
[Ubuntu Linux ] I
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Common Mistake

A program cannot control addresses.
65 = 123;
[* cannot assign value 123 to the address 65 */

Address Data
Int * p = 86; 86 N
/[* warning message, the somewhere (&p) |86

address is likely occupied by another program. */

double d = 0.84;
Int*p=&d,; [* warning message */
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Modify the Argument

C/CH++ - function3.c - EClipse 5K

File Edit MNavigate Project Window Help
- - {b
void means return nothing = (@ & W
T y
= 0O | E console 2 = 5
#include =stdioc.h= | ||<terminated= Function [C/C++ Local Ap|
C ;uid incr(int a) o oR &‘ = EE‘ = B~ g~
printf("input= %d\n", al; before calling incr, x = 8 ;
a ++; ilnput= 8
printf("before function ends = %d\n", a); before function ends = 9
E} atter calling incr, x = 8
Iy
int main(int argc, char * argv([])
{
int ¥ = 8;
printf("before calling incr, x = %d\n", x);
incrix);
printf("after calling i1ncr, x = %d\n", x}ﬂ
return O;
Iy
[<] i B (<] '“ [>]
error: inv...expression | Writable Smart Insert |15 47 J
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Call by Value

A function copies the value to the function’s argument.
void incr(int a) ...

Int X = 8;

Incr(x); [* copy X's value to a */

a ++; [* a becomes 9, x is still 8 */
similar to Address Data

Int x = 8; somewhere (&x) 8

inty = x; somewhere (&a) 8—->9

Y ++; [*yis 9, x is still 8 */
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Address as Argument

CIC++ = functiond.c = EClipse 5K

File Edit MNavigate Project Window Help

T apointer

| o

e (@) &

' Ty
El console 32 = 0O

#include -:std’.h:-

void incr{int * a)

{
printf("input= %d\n", * al;
(*a) ++;
printf("before function ends = %d\n", * a);
I§
. C N
int main(int argc, char * argv[]) Ei(j(jFEEESES
int il% g;
prin "before calling i1ncr, x = %dyn", x);
incr(& xJ;
printf("after calling incr, x = %dyn", x);
return ©;
s

=terminated= Function [C/C++ Local Ap
w % %| G BB B o
before calling incr, x = 8 ;

input= 8
before function ends = ©

after calling incr, x = 9

Writable Smart Insert ‘18 01
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Call by Address

A function copies the address to the argument.
void incr(int * a) ...

Int X = 8;

Incr(& x); [* copy X's value to a */

(*a) ++; [* a becomes 9, so is x */
similar to Address Data

Int x = 8; somewhere (&x) N 8

int*y = &Xx; somewhere (&a) & X

(*y) ++; [*x1s 9 */
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Swap Function

o el |

C/C++ = swap.c - Eclipse 5K

File Edit MNavigate

| ma~ | e~

Broject

Window Help

w [E & 0

#include ﬂstd!.h::-

void swap(int * a, int * b)
{

int temp = *a;

(*a) = (*b);

(*b) = temp;
}

int main(int argc, char * argv[])
1
int x = 8;

swap (&x, &y);

return 0Q;

int a;
prin "hefore swap x = %d, y = %d\n", x, yJ;

printf("after swap x = %d, y = %d\n", x, y);

' Ty
El conscle 23 = 0O

=terminated= Function [C/C++ Local Ap
X % G BE| ot B 03

y
after swap x = -4, vy

before swap x = 8, -4 TW
8

Must use pointers and addresses.
swap(int a, int b) will not work.

Writable

Smart Insert 18:1
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Pointer as Function Argument

B\ il Address

File Edit wiew Terminal Help

[Ubuntu Linu ] more pointerZ.c
#include <stilo.h>

void f(int * * a, int * b)

{

}

int main(int argec, char * argv[])
{

int x = 100;

int * y;

£(& y, & X);

* y = 200;

printf("x's value is %d\n", x);

5

return 0;

Ubuntu Linux ] ./pointer2
x's value is 200

[Ubuntu Linux ] [

L

* a = b; /* a points to where b points to */

}
[Ubuntu Linux ] gcc pointerZ.c -o pointer?
[

Data
&x | 100
&b T&x
&a q&y
&Yy v change

If we want to change where a
pointer points to inside a
function, we have to provide

the address of the pointer.

[ m ]
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General Rules

To change the value inside a function and to keep this
change after the function returns

— The caller must use the address

f(&X);
— The function’s argument adds one *
flint *x) { ... }

— If the argument is already a pointer, use two *
f(int **x) { ... }

— Inside the function, changes the value by adding *
*a=Db;
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Allocate Memory In a Function

#include <stdio.h>
#include <stdlib.h>

const int arraySize = 10;
vold printArray(int * a)
{

int index;

for (index = 0; index < arraySize; index ++)
{ printf("%d ", a[index]); }

printf (" \JW ;

}
void f(int * * a)
{
* a = malloc(arraySize * sizecf(int));
}
int main(int argec, char * argv[])
{
int * x;
(& x);
int index;
for (index = 0; index < arraySize; index ++)
{ x[index] = index * 10; }
printArray(x);
free (x);
return 0;
}

[Ubuntu Linux ] I

=
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