Topic 4

Dynamic Memory

CSE1303 Part A
Data Structures and Algorithms




Overview

What is Dynamic Memory ?
How to find the size of objects.
Allocating memory.
Deallocating memory.




Virtual Memory

‘ Text Segment ‘

Data Segment

l
i

Stack segment

program instructions

static and dynamic data

free memory

local variables,
parameters




Virtual Memory

‘ Text Segment ‘
Static data global variables, etc.

Heap dynamic data

l
i

Stack segment




Virtual Memory

Text Segment

Static data

Heap

l
T

Stack segment

memory is allocated
and deallocated as
needed




What Is Dynamic Memory?

 Memory which is allocated and deallocated
during the execution of the program.

e Types.
—data In run-time stack
—dynamic datain the heap




Example: Run-Time Stack

Memory Is allocated when a program calls a
function.

— parameters

— local variables

—where to go upon return

Memory Is deallocated when a program
returns from a function.




#1 ncl ude <stdi o. h>

float square(fl oat x)

{

fl oat result:

result = x * x;
return result:

}

mai n()

{
float a = 3.15;
fl oat b;

b = square(a),;
printf(“%\n”, b);
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#i ncl ude <stdlib. h>
#i ncl ude <stdi o. h>

Int factorial (int Xx)

{
if (x == 0)

{
}

return x * factorial (x -1);

return 1;

}

voi d nmai n()

{ -
I nt n;
printf(“Enter a nunber: \n”);
scanf (“%”, &n);

printf(“Factorial: %\ n”, factorial(n);




How much memory to allocate?

*Thesi zeof operator returnsthe size of an
object, or type, in bytes.

eUsage:
si zeof ( Type)

si zeof Object




| Nt n,

char str[ 25],;

fl oat X

doubl e nunbers[ 36];

printf(“%\n”, sizeof(int));
printf(“%l\n”, sizeof n);

sl zeof str;

sl zeof Xx:

si zeof (doubl e) ;
S|1 zeof nunbers;




Noteson si1 zeof

Do not assume the size of an object, or type; use
SiI zeof Instead.

N DOS. 2 bytes (16 hits)
In GCC/Linux: 4 bytes (32 bits)
In MIPS: 4 bytes (32 bits)




#1 ncl ude <stdi o. h>

#def 1 ne MAXNANME 80
#def1 ne MAXCLASS 100

struct Student Rec

{

char nane[ MAXNANME] ;
f 1 oat mar Kk;

i

t ypedef struct Student Rec Student;




I nt mai n()

{

| nt n,
Student cl ass[ MAXCLASS] ;

n = sizeof(int);
printf(“Size of int = %\n”, n);

n = sizeof (Student);
printf(“Size of Student = %\n", n);

n = sizeof class;
printf(“Size of array class = %\ n”, n);

return O;




Noteson si zeof (cont.)

*The size of astructure Is not necessarily the sum

of the s1zes of I1ts members.

“alignment”
and “padding”

printf(“%\n”, sizeof(Card));_, .
orintf(“o%\n’, sizeof hand): 2 S!'Zzeof(Card)




Dynamic Memory. Heap

Memory can be allocated for new objects.

e Steps.
«determine how many bytes are needed
«all ocate enough bytes in the heap
take note of whereit is (memory address)




#1 ncl ude <stdlib. h>

mai n()

{
Int* aPtr = NULL:

aPtr = (int*)malloc(sizeof(int));
*aPtr = 5;

free(aPtr);




#1 ncl ude <stdlib. h>

mai n()

{
Int* aPtr = NULL;

O0x3a04

aPtr = (int*)mall oc(sizeof (int));

*aPtr = b5;

free(aPtr);




. type cast”
i) (e 0x3a04

mai n()

{

Int* aPtr = WULL;

aPtr = (int*)malloc(sizeof(int));
*aPtr = 5;

free(abPtr);
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#1 ncl ude <stdlib. h>

mai n()

q deallocates
'nt*a  memory

aPtr = (° ymal | oc(sizeof (int));
*aPtr - o;

free(aPtr);




#1 ncl ude <stdlib. h>

mai n()

{
Int* aPtr;
Int* bPtr;

aPtr = (int*)mall oc(sizeof(int));
*aPtr = 5;

bPtr = (int*)malloc(sizeof(int));
*bPtr = 8;

free(aPtr);

abtr bPtr;
bPt r (int*)mal | oc(sizeof (int));
*bPtr =




Allocating Memory

Need toincludest dl 1 b. h
mal | oc( n) returns apointer to n bytes of

memory.
Always check If mal | oc has returned the
NULL pointer.

Apply atype cast to the pointer returned by
mal | oc.




Deallocating Memory

f ree( pointer) deallocatesthe memory
pointed to by apointer.

t does nothing if pointer == NULL.

pointer must point to memory previously
allocated by mal | oc.

Should free memory no longer being used.




mai n()
{
Student* studentPtr = NULL;
studentPtr = (Student*)nal |l oc(si zeof (Student));

| f (studentPtr == NULL) {

fprintf(stderr, “Qut of nenory\n”);
exit(1l);
}

*studentPtr = readStudent () ;
print Student (*student Ptr);

free(studentPtr);




mai n()

{
St udent * cl ass NULL:

Int n, 1, best 0h

printf(“Enter nunber of Students: ”);
scanf (“%”, &n);

class = (Student*)nmal loc(n * sizeof (Student));
| f (class !'= NULL) {

for (i =0; i <n; i++) {
class[i] = readStudent();
| f (class[best].mark < class[i].mark) {
best = iI;
}
}
printf(“Best student: ”);
print St udent (cl ass[ best]);

}




Common Errors

Assuming that the size of a structure isthe
sum of the sizes of its members.

Referring to memory already freed.

Not freeing memory which is no longer
required.

Freeing memory not allocated by malloc.




#1 ncl ude <stdi o. h>
#1 ncl ude <stdlib. h>

float** makeMatrix(int n, int m{
float* nenoryPtr;
float** matri xPtr;
Int 1,

menor yPtr (float*)mal |l oc(n*n¥sizeof (float));
matri xPtr (float**)mal | oc(n*si zeof (fl oat*));

(menoryPtr == NULL || matrixPtr == NULL) {
fprintf(stderr, “Not enough nenory\n”),;
exit(1);

}

for (i =0; I <n; i++, nenoryPtr += m{
] =

matri xXPtr[i menorypPtr;

}

return nmatri xPtr;




Revision
Sl zeof
malloc

free
Common &rrors.

Preparation

 Read Kruse et al. Chapter 4, Section 4.5




