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Addresses and Pointers

Every obed inthe cmputer has an address

Some of the objedsin a C program may be
referenced throughthe addressof their
locaion in memory

- Expressons like &var, are evaluated to the
addressof var.

The address operator & cannd be gplied
to ojgedsthat have atemporary locdaionin
the memory (explicit constants, compound
expressons)

Addresses can be stored in variables of type
pointer to...




Addresses and Pointers

When pvar is a pointer variable caryingan
address the dereferencing (or indirection)
operator * isused to extrad the value stored
In that address (viathe expresson *pvar)

The dereferencing operator * isalso used for
the dedaration of painter type variables.

Example:

inti, *pi; [* pi - a pointer to integer */
[* in other words, *pi is int */

| =3; pi = &i; [* now (*pi == 3) "

*pi = 2; [* now (i == 2) "

Memory | mage:
After line 2, abowve:

Address 0x6414 Address 0x6480
| 3 0x6414| P
After line 3, abowe:

Address 0x6414 Address 0x6480
| 2 ox6414 Pl




Addresses and Pointers

e |n order to dereferncea pointer, it must be
known to which type it refers

* Objeds of different types may occupy
spaces of different size, e.g. char, int, float,
double. Example:

charc[N];  char *pc = &c[0] ; (*(pct+1)==c[1]);

0 1
Int I[N]; int *pi = &I[0]; (*(pi+1)==i[1]);

0
double d[N]; double *pd = &d[0];(*(pd+1)==d[1]);

0 1

 |tisillegal to compare two panters, uness
they are known to pant to asingle objed
(e.g.an array), or NULL. Illegal
comparisons are sometimes possble, bu the
results may be surprising.



Pointers and Arrays

For the dedaration: double weight[LEN], *pw;
the following hdds:

weight[i] is an expresson of type double that
refersto the value stored in the ith entry of
the aray

weight Is an expresson o type pointer to

double that refersto the addressof the first

element of the aray.

- This means that weight==&(weight[0]) Is
aways TRUE.

Fad: The C compiler always trand ates an

“array expression’ like weight[i] into the

equivalent “pointer expresson” *(weight+i)

After assgning pw = weight, the expresson

pw|[2] has the value weight[2]

The main dff erence between pw and weight:

weight Is constant (cannot be assgned to) and
pw isavariable!



Pointers and Arrays cornnt.

o Example:

pw = weight + 2;
weight —,
pw !

PW+H+; (now pw|[0] is weight[3])
weight -
pw !

BUT - weight++ isill egal !



Pointers and Function-
Arguments

In C, function arguments are passed only by
value

This means that avariable that is used as an
argument at afunction cal will always
retain its value when the function returns to
the cdler

By using panters as function arguments this
restriction is overcome (Re. Swap function)
Example:

void Swap(int *a,int *b)

{

}
inti=3,j=4
Swap(&i,&));

The cdl to Swap() isacall by reference

In bah cases (Swap with/without pointers) a
andb arelocd variables, and are initiali zed
to the values of the function's arguments.

intt="a:*a="b:*p =t



Arrays as Function
arguments

e Array parametersare an exception tothe
“call by value’ rulein C

 When an array isused as an argument at a
function cdl, the entire array is not copied,
but its addressonly is passed
Examples:

- “int vec[SIZE];”: Function cdl s func(vec) and
func(&vec[0]) are synonymous.

- In“func” dedaration, func(int *arr) and
func(int arr[]) are synonymous too.

- If only part of the aray istransferred at
function cdl: func(vec+2) and
func(&vec[2]) are synonymous.

- For multidimensional arrays, the @owveis
true for the first (leftmost) index only.



Find the Error

int *pa;

"pa =1,
int *pb = pa

consider:
Int a;
int *pa , *pb;
pa = &a;
"pa =1,
consider:
int *pa;
inta=3;
pa = &a;
printf(“%d”,*pa);
pa =1;
printf(“%d”,*pa);



Doulde Indirection
Review

Consider:

Int a;

int * pa;

int **ppa;

what typeiséa ?
int * pa

What type is&pa ?
Int **ppa

After pa = &a, Are these statements corred:

*ppa= pa;
*ppa=&&
It ** ppa=&& &;



Dynamic Memory
Allocaion

C allows general purpose dynamic memory
all ocaion on the hea, restricted only by the
amount of memory available & runtime

There aethreepredefined functionsfor this:
(in /usr/include/stdlib.h)

void * malloc(num_bytes_to_allocate);
void * calloc(num_of_obj, size_of_obj);
void * realloc(old_ptr, new_size_in_bytes);

If memory allocation fail s, these functions
return aNULL painter.

Sincethese functions return a pointer to vad,
when all ocating memory use cnversion:

int *pi = (int *) malloc(5*sizeof(int)); /* or: */

int *pi = (int *) calloc(5,sizeof(int));

pi = (int *) realloc(pi, 10*sizeof(int));



Dynamic Memory
Allocaion

* Why dowe nead dynamic memory
al ocaion?
- When the sizeof the aray is passed as
argument to the program

e IMPORTANT !l
After youfinished using the variable which
you dynamicdly allocaed, FREE the
memory:
void free(void *);
Usage:
free(vec);
If you don't - you will experience
Memory L eak - nofreememory !

e Dangling Pointer - apointer that pointsto a
memory that is unreserved.
(Example: allocae pointer and then reference
to another locaion).




Dynamic Memory
Allocaion (cont)

o Example:
int * vec;
if ((vec=(int*) malloc(ARR_LNG"sizeof(int)))==NULL)
{

fprintf(stderr,"cannot allocate\n”);
exit(1);
}
if ((vec = (int*)realloc(vec,
NEW_ARR_LNG*sizeof(int)))

==NULL)

{
fprintf(stderr,”"cannot allocate\n”);
exit(1);

}

e Dynamicdly all ocaed memory (only) can
be returned to the system using the function
“void *free(old_ptr)’



Dynamic Memory
Allocaion (cont)

o Bad Example:
int * vec, *new_vec;
if ((vec=(int*) malloc(ARR_LNG*sizeof(int)))==NULL)

{

fprintf(stderr,"cannot allocate\n”);

exit(1);
}
if ((new_vec=(int*)realloc(vec,NEW_ARR_LNG*sizeof(int))
==NULL)
{
fprintf(stderr,”cannot allocate\n”);
exit(1);
)

/* now, vec points to nowhere */



Pointers to Functions

e There ae caeswherethereisafunction
call ina command but thereisno frior

knowledge which function isto be cdled

o Example:
void *v1, *v2;
if (compare(vi,v2)==0){...
v1, v2may poaint to integers or strings or
other types. An appropriate compare
function shoud be cdled, acaordingto the
type of the objeds pointed to by v1, v2.

o Solution:
enum {INT, STR}
int (*compare)(void*, void*); /*pointer to function*/

switch(type){
case INT: compare = &hum_compare; break;
case STR: compare = &strcmp; break;

}

if ((*compare)(v1,v2) == 0) { /*or “compare(vi,v2)" */



Pointers to Functions

« Another case of using a painter to function
ISwhen afunctionis used as an argument,
passed to another function (a sub-case of
the last case)

o Example:

A definition d afunctionwhich isused as
an argument:

void string_manipulation(char s[], char (*chr_mnp)(char))
{
inti;
for (i=0; i<strlen(s);i++)
s[i] = chr_mnp(s]i]);
[* here “chr_mnp” is a given op. on a char*/

}

[* Use of that function: */
char str[10] = “aBcD”;

string_manipulation(str,tolower);



Dynamic Memory
Allocalon - Example

#include <stdio.h>
#include <stdlib.h>
#include <ctype.h>
#define LNG1 (6)
#define LNG2 (7)

void string_manipulation(char *s, char (*chr_mnp)(char))

{
while (*s 1=0") {
*s = chr_mnp(*s);
St++;
}

return;



Dynamic Memory
All ocalon - Example

void main()

{

char *str, *new_str, *strl,

str = (char*) malloc(LNG2);

whil e (printf(“ Enter 6-char string\n™), gets(str)) {
printf(* %s==>>"“ str);
string_mani pul ation(str,tolower);
printf(“%s\n” ,str);

}
new_str = (char *)redl oc(str,LNG2+LNG1);

printf(“new_str=%s\n” ,new_str);
printf(“ str=%s\n”, str);
string_mani pulation(str,toupper);
printf(“new_str=%s\n” ,new_str);
printf(“ str=%s\n”, str);

strl = (char *) mall oc(LNG2);

printf(“ str1=%s\n”, strl);
string_manipulation(str1,tolower);
printf(“ str1=%s\n”, strl);

fregstrl); fregnew_str);



Dynamic Memory
All ocalon - Example

A Sample Output

Enter 6-char string

CDfsER ==>> cdfser
Enter 6-char string

ZXYABC ==>> zxyabc
Enter 6-char string
new_str = zyxabc
str = zyxabc This is a FREE memory area
new_str = zyxabc
str = ZYXABC A FREE memory is manipulated
str1 = ZYXABC This area is ALLOCATED again
str1 = zyxabc and manipulated by an old pointer




1D Arrays

Fixed (on stadk) and Dynamic (on Heap)
array are treaed exadly the same, accept
dedaration and allocaion:

All ocaion:

For dynamic: For fixed:

int * vec; int vec[100]; /* that’s it*/
vec = (int*)malloc(sizeof(int)*100);

ACCESS

vec[/0] = 1; or:

*(vec+70) = 1;

| niti ali zation exampl e:

| nefficient:

for (i=0;i<100;i++) vec[i] = 0;

int *ptr = vec;

int *end = vec + 99; *end = 0; /* or end = vec+100 */
while (ptr!=end) *ptr++=0;

Passng to afunction

Function prototype:

void foo(int *ptr); or void foo(int ptr(]);
Function cdl: foo(vec);




Fixed 2D Arrays

Arrays allocaed onthe stadk

Allocaion:
Int fixed[50][100];

Access

fixed[o][10] =1;  or:

fixed[0][5*100+9] = 1; or:

fixed[1][4*100+9] = 1; etc..

| niti ali zation exampl e:

|nefficient :

for (i=0;i<50;i++) for (j=0;<100;j++)
fixed[i][j] = O;

int *ptr = fixed[0];

int *end = fixed[49]+99; *end = 0; /* or end = fixed+100 */

while (ptr 1= end) *ptr++=0;

Passng to afunction

Function prototype:

void foo(int fixed[50][100]);

Function cdl:

foo(vec);




Dynamic 2D Arrays

e Allocaed onthe stadk - more dficient,
flexible

« Allocaion:
int **dynamic;
dynamic =(int**)malloc(sizeof(int *)*50);
dynamic[0] = (int*)malloc(sizeof(int)*50*100);
for (i=1;i<50;i++) dynamic[i] = dynamic[i-1]+100;
ACCESS
dynamic[5][10] = 1; or:
dynamic[0][5*100+9] = 1; or:
dynamic[1][4*100+9] = 1; etc..

e |nitializaion example:
int *ptr = dynamic[0];
int *end = dynamic[49]+99; /* or end = dynamic + 100 */
*end = 0;
while (ptr !I=end) *ptr++=0;

e Pasdngto afunction
Function prototype:
void foo(int ** ptr);
Function cal:
foo(dynamic);




2D Arrays

Here' s an array with 10x20 elements:
int arr[10][20];

arr is now the same as &(arr[0][0])
There ae 10 rows and 20columns

the datais stored in row sequential format,
so arr[2][9] Is the same as arr[0][2*20+5]

Name Type Same &
arr
arr[O]
arr[2
arr[2][9]

Example:

Nt ** ppa;

ppa=arr; [* pointstoarr[0] */
ppa=arr[2] /* pointsto arr[2] */
*((*ppa)+3) = 7;

** (ppat3) = 7;




More on Arrays

Arrays must be explicitly initialized , they
are not automaticdly initialized to O upon
all ocaion

Don't forget to freethe dl ocaed memory to
the aray. Freeisdonein the reverse order
of all ocation:

fregdynamic[0]);

fregdynamic);

For dynamicdly allocaed array “dynamic”,
Indexing dynamic[j][K] requires no

multi plication.

Dynamic 3D arrays are defined as an array
of painters which pant to dynamic 2D
arrays.




