Pointers, memory allocation and
calling a function by address
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2 - Dynamic Allocation
3 - Array with many dimensions

4 - Calling by address
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Pointers = Addresses

& address operateur (its reference)

&a returned the memory address of the variable
a

&C

@@Q
9 &b
Kz
(%4
7




Value Operation

&b

L e
pa l ¢




Value Operation

pa pointer onto an integer int *pa;
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pa pointer onto an integer int *pa;
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Value Operation

pa pointer onto an integer int *pa;
* operation of dereference (value)

*pa represent the memory at address pa
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Value Operation

pa pointer onto an integer int *pa;
* operation of dereference (value)

*pa represent the memory at address pa

&b
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Pointers of different types

int *pa;
= pa pointer onto an 1nt

float *pb;
= pb pointer onto a float

char *pc;
= pcC pointer onto a char
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int a,b,*p1i;
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int a,b, *pi;
pl1 = &a;
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int a,b, *pi;
pl1 = &a;
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int a,b, *pi;
pl1 = &a;
a = 10; b = 30;
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int a,b,*pi1; float c,*pf;
pl1 = &a;

a =10; b = 30;

*pi = b;
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int a,b,*pi; float c,*pf;
pl1 = &a; pf = &c;

a =10; b = 30;

*pi = b;
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int a,b,*pi1; float c,*pf;
pl1 = &a; pf = &c;
a=10; b = 30; c = 5;

*pf /2;
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int a,b,*pi; float c,*pf;
plL = &a; pf = &c;
a=10; b = 30; c =5;

*pi = b; *pf =

*pf /2;



Size of a pointer

In general, pointers are typed :
® int *pa; pointer onto an 1nt
e float *pb; pointer ontoa float

But every pointer is a memory address, 32 bits
(GCC Linux)

=> in general, every pointers are equivalent
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Dynamic Allocation
int *pa;
=> declare a pointer pa onto an int
e allocation of a memory area to store an address

® no initialization

Pa
® no corresponding integer PR C—
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store this integer : allocation and initialization of the
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Dynamic Allocation
int *pa;
=> declare a pointer pa onto an int
e allocation of a memory area to store an address

® no initialization

Pa
® no corresponding integer PR C—

= we need to allocate a memory area to HEEN

store this integer : allocation and initialization of the

o-\)(

pointer



Dynamic Allocation :malloc

int *pa;

=> declaration of a pointer pa onto an int
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=> declaration of a pointer pa onto an int

int a; w00 EF R F R R R R R
pa = sa; o ENNEEEEEEEEEEENE
ovcon HHEEEP? 020 SRR




Dynamic Allocation :malloc

int *pa; PR

=> declaration of a pointer pa onto an int

int a;

pa =

&a;
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Dynamic Allocation :malloc

int *pa; PR

=> declaration of a pointer pa onto an int

int a; w00 EF R F R R R R R
pa = sa; o ENNEEEEEEEEEEENE
ovcon HHEEEP? 020 SRR

pa = malloc(sizeof (int)) ;
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Dynamic Allocation :malloc

int *pa; PR

=> declaration of a pointer pa onto an int

int a; w00 EF R F R R R R R
PNl 5 5 i ol 0 O B

a =
P oxoco: [ HERERINACTNRNENR
pa = malloc(sizeof (int)) ;
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® generic pointer,void *




Usage of malloc

void *malloc (int n)

® allocation of n bytes of memory, the address of the
first int is returned

® generic pointer,void *

=> it is automatically cast in the typed pointer (as soon
as possible)




Size of an object sizeof

The size of a type is not standardized
=> to improve portability in C, use sizeof (<type>)
GCC Linux:

® sizeof(int) — 4

® sizeof(char) —1
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int *pa;

=> declare a pointer pa onto an int
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int *pa; pa

=> declare a pointer pa onto an int
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Dynamic Allocation: array

int *pa; Pa

=> declare a pointer pa onto an int

int a;

pa =

&a;
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Dynamic Allocation: array
int *pa; pa

=> declare a pointer pa onto an int

int a; w00 EF R F R R R R R
pa = sa; o ENNEEEEEEEEEEENE
ovcon HHEEEP? 020 SRR

pa = malloc(3*(sizeof (int)))
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Dynamic Allocation: array
int *pa; pa

=> declare a pointer pa onto an int

int a; w00 EF R F R R R R R
PNl 5 5 i ol 0 O B

b= —
P ovoco i HHEEPY 0 ANREEE
pa = malloc(3*(sizeof(int)));
e e ||
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Dynamic Arrays

int t[3];

=> array of 3 int

L]
—p— ﬁ__
t t[0] t[1l] t[2]

equivalent to
int *t = malloc(3*(sizeof (int)));



Dynamic arrays (suite)

float *Tf;

=> declare a pointer Tf onto a float
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Dynamic arrays (suite)

float *Tf;

=> declare a pointer Tf onto a float
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Dynamic arrays (suite)

float *Tf;

=> declare a pointer Tf onto a float

Tf malloc (6* (sizeof (float))) ;
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Dynamic arrays (suite)

float *Tf;

=> declare a pointer Tf onto a float

Tf malloc (6* (sizeof (float))) ;
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Dynamic array (suite)

float *Tf;
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Dynamic array (suite)

float *Tf;
Tf = malloc(6* (sizeof (float))) ;
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Dynamic array (suite)

float *Tf;
Tf = malloc(6* (sizeof (float))) ;
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Dynamic array (suite)

float *Tf;

Tf = malloc(6* (sizeof (float))) ;
ox0AQ0 [EENEN IR R
0x0BO --IIIIIIII
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Dynamic array (suite)

float *Tf;
Tf = malloc(6* (sizeof (float))) ;

o~ogo | I O
IO N [ [ ][] [
R R AR
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oxopoo \NENNNEEER
NI llllllll

0x0E00 [
0x0F00 [l

TE£[0] = 10.5; T£[1] = 2.1
TE[3] = 0; TE[5] = 1.1;:
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Dynamic array (suite)

<type> *t = malloc(k* (sizeof (<type>))):
define an array of k objects of type <type>,
where k can be a variable :

sizee non defined at compilation

<type> can be an array (pointer) :
array with multiple dimensions



Arrays and pointers

float *Tf;

TE

malloc (6* (sizeof (float))) ;

Y N [ [ [ [

SIS i i . s e v 0 B B A e
SN i e i e 0 B B B

0x0E00 [
0x0F00

E==:!s====lllll

*T £ = 10.5; *(Tf+l) = 2.1;

*(Tf+3)= 0; *(Tf+5) =1.1;
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Arrays and pointers

float *Tf;
Tf = malloc(6* (sizeof (float))) ;

OXOAOO
0x0B0

...ﬂ Tableau de float

-, ammmmnmnREERRRE . o

oxon0o AN IIIIIIIII X

0x0E00 [ ‘III llllllll TE+3: 0x0A0C
Illll

OXOFOO Tf+5: 0x0BO4

*T £ = 10.5; *(Tf+l) = 2.1;
* (T£+3)= 0; *(Tf+5) = 1.1;

19
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Array with many dimensions

T IS a pointer on a pointer onto an int
= array of int array

R

| T[O] { T[m-1]
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Array with many dimensions

T IS a pointer on a pointer onto an int
= array of int array

.
e ErEE e
T r[0] | Tim-1]

T[O] [n-1] T[m-1][0] T[m-1] [n-1]

20
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Memory Liberation : free

Memory allocated with malloc
will be free at the end of the program

We can decide to free this memory for other usage (the
memory of a computer is not infinite)

= function £ree
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Memory Liberation : free

Memory allocated with malloc
will be free at the end of the program

We can decide to free this memory for other usage (the
memory of a computer is not infinite)

= function £ree

int *pa = malloc((sizeof(int));
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Memory Liberation : free

Memory allocated with malloc
will be free at the end of the program

We can decide to free this memory for other usage (the
memory of a computer is not infinite)

= function £ree

int *pa = malloc((sizeof(int));
/*allocation*/
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Memory Liberation : free

Memory allocated with malloc
will be free at the end of the program

We can decide to free this memory for other usage (the
memory of a computer is not infinite)

= function £ree

int *pa = malloc((sizeof(int));
/*allocation*/
free (pa) ; /*free*/
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Functions and pointers

6)
float *Pt; u{i
Pt *Pt
A function manipulates copies of the values of its
arguments

=> cannot modify the value of its arguments
void function(int A, double *B)
® int A, A receives a copy of Ist arg.
® double *B, B receives a copy 2nd arg.,

a pointer on a double

24



Calling by address
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Calling by address

void function(int A, double *B) {..}
function(a, &b) ;
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Calling by address

void function(int A, double *B) {..}
function(a, &b) ;

DU ENRNE] R [ | [ ][
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NI 6 i
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Calling by address

void function(int A, double *B) {..}
function(a, &b);

A is a copy of a

B is a copy of &b, a pointer on b

woan JUREEEYEESE !lll\\
ox0B00 [N ... BIEEEN b : 0x0A06
wco A5 AR ANEEE

25



Calling by address

void function(int A, double *B) {..}
function(a, &b) ;

A is a copy of a
B is a copy of &b, a pointer on b

=modification of *B will modify

the object pointed by B, which is b
= persistant modlﬁcatlo

0x0A00 llllll.lll SN
0x0B00 ...=|... BB sb : 0x0A06
oxocoo INININIS dllll




Example Il
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Example Il

b = 3;
incrementation (&b) ;
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Example Il

b = 3;
incrementation (&b) ;
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Example Il

b = 3; A modification of *pa
incrementation (&b) ; will modify b :
(*pa) = (*pa) + 1
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Example Il

b = 3; A modification of *pa
incrementation (&b) ; will modify b :

(*pa) = (*pa) + 1
at the end, b is 1B

HDXOAO 6

oo HEEEE s SNER
oo IRHRRRNRRRENRR
A

oxocoo [N

26



The array

The function manipulate only copies of its

arguments
void initialisation(int *tab, int n){..}

initialisation(T,1) ;
= the value of an array T is a pointer on the
first cell (address of the first cell)

T is @ memory address

T
Z %&IIIIIIIIIII% 7
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Permanent Allocation

Array T is a local variable of the function, and
it is free at the end of the function
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Call by value — Call by address

Let a function addition that adds the second
argument to the first
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= Calling by address of 1st argument
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argument to the first

Calling by value : 1st argument unchanged
= Calling by address of 1st argument
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Conclusion

Pointer

Dynamic Allocation
® allocation of memory for pointers
® variable size array
® array with n dimensions

® dynamic free
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