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Overview

* Virtual Memory

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

* Deallocating memory.
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What is Dynamic Memory?

» Memory which is allocated and deall ocated
during the execution of the program.

* Types:
—datain run-time stack
—dynamic datain the heap
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Example: Run-Time Stack 01: #include <stdio.h>
03: float square(float x)
04:
) 05: float result;
*Memory isallocated when aprogram calsa 06:
H 07: result = x * x;
function. 08: return result;
—parameters 09: 1}
. 10:
—local variables 11 main()
12:
where to go upon return 13 ' float a - 3 15:
14: float b; stack
«Memory is deallocated when aprogram lo b= square(a):
returns from afunction. 17 ) printf(*%\n", b);
7 8
01: #include <stdio. h> 01: #include <stdio. h>
02: 02:
03: float square(float x) 03: float square(float x)
04: 04:
05: float result; 05: float result;
06: 06:
07: result = x * x; 07: result = x * x;
08: return result; 08: return result;
09: } 09: }
10: 10:
11: main() 11: main() stack
12: { 12: {
13: float a = 3.15; stack 13: float a = 3.15; X Izl
14: float b; Ill 14: float b; Izl
15: a 15: a
16: b = square(a); |—| 16: b = square(a); |—|
17: printf(“9%\n", b); b 17: printf(“%\n", b); b
18: } 18: }
9 10
01: #include <stdio. h> 01: #include <stdio. h>
02: 02:
03: float square(float x) 03: float square(float x)
04: 04: stack
05: float result; 05: float result; b
07: result = x * x; 07: result = x * x; resul t
08: return result; 08: return result;
09: } 09: }
10: ne 10: ne
11: main() 11: main()
12: 12:
13: float a = 3.15; X 13: float a = 3.15; X
14: float b; 14: float b;
15: a 15: a
16: b = square(a); 16: b = square(a);
17: printf(“%\n", b); b 17: printf(“%\n", b); b
18: } 18: }
1 12
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01: #include <stdio. h> 01: #include <stdio. h>
02: 02:
03: float square(float x) 03: float square(float x)
04: { stack 04: { stack
05: float result; 05: float result;
06: 06:
07: result = x * x; resul t 9.9225 07: result = x * x; esul t 9.9225
08: return result; 08: return result;
09: } 09: }
10: line 16 10: line 16
11: nmain() 11: main()
12: 12: {
13:  float a = 3.15; X 13:  float a = 3.15; X
14: float b; 14: float b;
16: b = square(a); . 16: b = square(a); -
17: printf(“%\n", b); b 17: printf(“%\n", b); b
18: 18: }
13 14
01: #include <stdio. h> 01: #include <stdio. h>
02: 02:
03: float square(float x) 03: float square(float x)
04: 04:
05: float result; 05: float result;
06: 06:
07: result = x * x; 07: result = x * x;
08: return result; 08: return result;
09: } 09: }
10: 10:
11: main() 11: main()
12: { 12: {
13: float a = 3.15; stack 13: float a = 3.15; stack
14: float b; 14: float b;
15: a 15: a
16: b = square(a); |—| 16: b = square(a); |—|
17: printf(“9%\n", b); b Q Q225 17: printf(“%\n", b); b Q Q225
18: 18: }
15 16
#incl ude <stdlib. h>
) . #i ncl ude <stdio. h>
01: #include <stdio. h>
02: . . .
03: float square(float x) int factorial (int x)
04: f ——
05: float result; I(f (x ==10)
06: return 1;
07: result = x * x; }
08: return result; return x * factorial (x -1);
09: } }
10:
11: main() . .
12 void main()
1[31 ;: oat s' = 3.15; int n
1s. oat b; gtaeck printf(“Enter a number: \n");
: prym .
16: b = square(a); scanf (“oa", &n);
1; } printf(“%\n", b); printf(“Factorial: %\n", factorial(n);
17 } 18
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How much memory to allocate?

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

*Usage:
si zeof (Type)

si zeof Object

19

Example 1:

int n;

char str[25];

fl oat X;

doubl e nunbers[ 36];

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

si zeof str;

si zeof x;

si zeof (doubl e) ;
si zeof nunbers;

5 3 335

20

Noteson si zeof

*Do not assume the size of an object, or type; use
si zeof instead.

Example; m

*InDOS: 2 bytes (16 bits)
*In GCC/Linux: 4 bytes (32 bits)
*In MIPS: 4 bytes (32 bits)

21

Example 2:

#i ncl ude <stdio. h>

#def i ne MAXNAMVE 80
#def i ne MAXCLASS 100

struct StudentRec
char name[ MAXNAME] ;
fl oat mar k;

I

typedef struct StudentRec Student;

22

Example 2 (cont.):
int main()
t
int 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;

23

Noteson si zeof (cont.)

*The size of astructureisnot necessarilvthaaim
of the sizes of its members.

“alignment”
and “padding”

Example; truct cardRec {
char suit;
int nunber ;

fypedef struct cardRec Card;

Card hand[ 57;

printf(“%\n", sizeof(Card)).g' .
printf(“%\n”, sizeof hand);

24
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*Steps:

Dynamic Memory: Heap

Memory can be allocated for new objects.

determine how many bytes are needed
«allocate enough bytesin the heap

Example 1;

heap

#incl ude <stdlib. h>

mai n()

{
int* aPtr = NULL;

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

Bi o Ll

L *aPtr = 5
«take note of where it is (memory address) e
free(aPtr);
) stack
| aPtr | NULL
25 26

Example 1; Example 1;

heap heap
#incl ude <stdlib. h> | 0x3804 K #inci| type cast 0x3804 K
mai n() mai n()
{ {

int* aPtr = NULL; int* abPtr = LL;

aPtr = (i=s=i=mal | oc (si zeof (int));

*aPtr = 5

free(aPtr);

int* aPtr = NULL;

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

'
1Lcll,|&

29

*aPtr = 5; *aPtr = 5;
free(abtr); free(aPtr);
} stack } stack
abtr Ox2a04 |'|' abtr Ox2a04 |'|
27 28
Example 1; Example 1;
ilcap h dpJ
#incl ude <stdlib.h> m # ncl ude <stdlib. h> r
mai n() mai n()
{ {

int* aPtr = NULL;

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

*aPtr = 5

free(aPtr);

Slcu,'r\

30
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#i ncl ude <stdlib. h>

Example 1;

heap

#include <stdlib. h>

Example 2; ?Bi n()

int* aPtr;

int* bPtr;
deallocates aPtr = (int*)malloc(sizeof(int));
memory *aPtr = 5;
mal | oc (sizeof (int)); bPtr = (int*)malloc(sizeof(int));
*bPtr = 8;
) free(aPtr); free(aPtr);
stack aPtr = bPtr;
bPtr = (int*)mall i zeof (int));
| aPtr IW” *bptrr =(|6;n )mal | oc(sizeof (int))
31 ) 32
Allocating Memory Deallocating Memory
* Needtoincludestdlib. h » free( pointer) deallocates the memory
« mal | oc(n) returnsapointer to n bytes of pointed to by apointer.
memory. e Itdoesnothingif pointer == NULL.
 Always check if mal | oc hasreturned the  pointer must point to memory previously
NULL pointer. alocatedby nal | oc.
» Applyatype cast to the pointer returned by  Shouldfree memory no longer being used.
mal | oc.
33 34
mai n()
Example 3: Example 4:
Student* class = NULL;
mai n() int n, i, best = 0;
Student* studentPtr = NULL; g(r:ia:izs‘;/sr:tye:&nr;:ln‘oer of Students: *):
studentPtr = (Student*)malloc(sizeof(Student)); class = (Student*)mall oc(n * sizeof (Student));
if (studentPtr == NULL) { 'ff<°'a$5_1; N.U"';) { "
fprintf(stderr, “Qut of nenory\n”); or (i = s I_ n; i+ | .
exit(1): plass[|] = readStudent (); .
if (class[best].mark < class[i].mark) {
} best =i;
*studentPtr = readStudent (); } }
print Student(*studentPtr); printf(*Best student: ");:
free(studentPtr); print Student (cl ass[ best]);
' }
}
35 } 36
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Common Errors

Assuming that the size of astructureisthe
sum of the sizes of its members.

Referring to memory already freed.

Not freeing memory which isno longer
required.
Freeing memory not allocated by malloc.

37

#i ncl ude <stdio. h>
#i ncl ude <stdlib. h>
Example 5:
float** makeMatrix(int n, int m{
float* menoryPtr;
float** matrixPtr;
int i;

menoryPtr = (float*)nalloc(n*n¥sizeof (float));
matrixPtr = (float**)malloc(n*si zeof(float*));

if (memoryPtr == NULL || matrixPtr == NULL) {
fprintf(stderr, “Not enough nenory\n”);
exit(1);
}
for (i =0; i <n; i++ nenoryPtr += m{

matrixPtr[i] = menoryPtr;

return matrixPtr;

Revision
* sizeof
* malloc

* free
e Common errors.

Preparation

» Read Kruse et al. Chapter 4, Section 4.5

39

Revison: Reading
e Kruse45
Deitel and Deitel 12.3
Standish 8.6
» King 17

Preparation

Next lecture: Nodes and Linked Sructures
» Read Kruse et al. Chapter 4, Section 4.5

40
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