Arrays, Pointers and Arithmetic

COMP 1402/1002

The Name of an Array

a0l ]e—a

a1 ]

a[2][ ]

a[3][_____]

a4 ]
=1

The name of an array is a
pointer constant to its first
element




The Name of an Array

/* the nanme of an array is a pointer
val ue */

int a[5];
printf(“% %", & a[0]), a);

The two values printed are identical

The value depends on memory

Using Array Names
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The Meaning of Indices

a[ 0] Contents at a
al 4] Four elements after address a
ali] | elements after address a

a[-1] Oneelement before addressa

Computes appropriate address
Automatically dereferences (no need for *)

Access Array with any pointer!

#i ncl ude <stdi o. h>
int main (void)
{
int a[5] = {2, 4, 6, 8, 22};
int *p;
p = &a[1]);
printf(“%l %l\n",a[0],p[-1]);
} I main */



Pointer Arithmetic and Arrays
Consider the following code:

char a[ 3];

int b[3];

float c[3];

char *pa = a + 1;
int *pb = b + 1;

float *pc = ¢ + 1;

What is the meaning of +1 in each case???

Different Types and
Pointer Arithmetic
a — 100 b — 100 o — 100
a4+ 1 —i= 101
a+2 — 102
Dt ] —= 104
/:n_emur\,r CH+ ] —m 106
\  addresses
D+ 2 — 108

. C+d —» 112
char a [3];
int b3
float © [3];




Pointer Arithmetic

C “knows’ to add the correct number of bytes
Thusa[1] isalwaysequivalent to *(a+1)

Thisiswhy type conversion is needed for pointers

Dereferencing arrays

a[0] or *(@a+0) 2 |<+— a

af[1] or *(@a+1) 4 |e— a + 1
a[2] or *a+2) 6 <“— g + 2
a[3] or *(@a+3) 8 - a3 + 3
a[4] or *(a+4) 22 |<4— a + 4




What the C compiler does
a[ 1] isthe pointer arithmetic ( * a+i )

I =1 resultsin the following “assembler code”:
a + sizeof (one el enent)

Otherwise the “assembler code’ is:
a + i * sizeof(one el enent)

Searching With Array Indices

/* ary is an array of arySize */
int wal k, last, sm

| ast = arySi ze -1;
sm = 0;
for(wal k=1; wal k<=l ast; wal k++) {
if (ary[wal k] < ary[sm)
sm = wal k;



Searching With Pointers

/* ary is an array of arySize */

/* pwal k, plast, psmare pointers to type
in ary */

plast = ary + arySize -1;

psm = ary;

for(pwal k=ary + 1; pwal k<=pl ast; pwal k++) {
i1 f (*pwal k < *psm

psm = pwal k;

Using Pointers
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Comparing Pointers

pl >= p2

p2 < p3

pl I'= p2

ptrl == ptr2

i f(ptr==NULL) (sameas) if (!ptr)
i f(ptr!=NULL) (sameas) if (ptr)

Passing Parameters

Consider the following code:

void f(int x) {x = x+1;}
int main (void)
{
I nt a=3;
f(a);
printf(“%l”,a); /* prints 3 */
return O;

}



Passing Parameters
Consider the following code:

void f(int *x) { x = x+1;}
int main (void)
{
int a[]={1, 2}, *pa=a;
f(pa);
printf(“%”,*pa); /* prints 1 */
return O;

}

Passing Parameters

Consider the following code:

void f(int **x) { *x = *x+1;}
int main (void)
{
int a[]={1, 2}, *pa=a;
f(&pa);
printf(“%”,*pa); /* prints 2 */
return O;



C ispass by value!!
C even passes the pointer by value
The second code passes a copy of pointer

The third code passes the pointer to pa

Allows manipulation of pointers

What about 2D arrays?

A[i] isequivalentto *(a+1i)
Q. What is b[i][j] equivalent to?

Ans. *(b[i] +])
“(*(bti) +])
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2D Arrays

D e —

tablee1 table 0] or “{ table+ 0}
table+2 tabla[1] or *{tabla+ 1]

tabla[2] or *{table + 2]

int tablel3]4]

for (1= 00 < 3; (++)
for (f = 0; ] = 4; j++)
printf{*266d ", *{®*(lable = i) = ik
princft " 0y
1 /% fori®

Print lakhe

Passing Arrays as Parameters

The following areidentical to C

int funcl (int array[]);
int funcl (int *array);

But not to the human reader!
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Passing High Dimension Arrays
float funct (int big[][3][5]);

Suppose we have the following code:

i nt ***p;
p = big + 1;

How many bytes to add?
We only know because of the 3 and 5!

Passing High Dimension Arrays
float funct (int big[][3][5]);

i nt ***p;
p =big + 1;

15 bytes * 4 bytes per integer
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Complex Declarations

What do these declarations mean:

fl oat
fl oat
fl oat
fl oat
fl oat
fl oat
fl oat
fl oat
const

X3

* p’

arrayOne[ 5] ;
arrayTwo[ 4] [ 5] ;

* arrayThree[5];
(* arrayFour)[ 35];
const * a;

* const b;

float * c;

Start at |dentifier...

Start at |dentifier
Alternate right then left
Brackets take priority over aboverule

identifier

1;1‘11

start here
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Complex Declarations

int X;
X isaint

int * p;
p isapointer to anint

int aOne[ 5];
aOneisan array of ints

Complex Declarations

int aTwo[4][5];
alwoisaan array of ints

int * aThree[5];
arhreeisaan array of pointersto ints

int (* aFour)][35];
aFour is a pointer to an array of ints
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Complex Declarations

int * const b;
b isaconstant pointer to an int

I nt const * a;
a isapointer to a constant int
(an unreliable declaration!!)

Memory Allocation

Types of Memory Allocation:
Static — done at compiletime

Dynamic — get memory during runtime

COBOL, FORTRAN are Static only!!
C hastwo types of Dynamic: Stack and Heap
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Dynamic Memory in C

Stack:
Declare arrays with variables of larger scope

Problem:
Only good in the current scope!

float * func(int n) {
float array[n]; /* good */

return array; /* severe m stake */

}

Heap Allocation

Ask the system for a portion of the memory

stdli b. h has4 functionsto deal with this

Memaory
Management
|
| | | |
‘ malloc I calloc I realloc I free I
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Conceptual View of Memory

called and

main standard functions

PROGRAM MEMORY

global program heap system stack

DATA MEMORY

MEMORY

mal | oc
void * malloc (size t size);
mal | oc allocates number of bytes specifiedinsi ze

size_t
an integer big enough to hold the max address

Normally thisisanunsi gned i nt
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Casting and Error Check

pFloat = (float *)mall oc (sizeof(float));

Castto (float *) notrequired by ANS
Error check also recommended:

Py if (ptr = (ini *ymalloc(sizeof(int})))

f* No memory available */
exit (100) ;
one integer * Memory available */

cal | oc

void * calloc (size_t count,
size t elemsize);

cal | oc alocatescount elementsof el em si ze

Returns consecutive elements!
If unsuccessful returns NULL (like mal | oc)
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caloc
ptr

| [ 11 1]

200 integers

if (l{ptr = (int *)ealloc (200, sizeof{int})))
/* No memory available ¥/
exit (1007 ;

/* Memory available */

real | oc

Resizes old block
Or declares new, copies old and deletes old.

Often expensive operation

void * realloc (void * ptr,
Size_t new size);
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real | oc

BEFORE
P [18]ss]as]121]ea] 1 Joo[a1 ] s [77]
:1ﬂi:nleglers
[ 1 | .
ptr = (int *}jrealloc (ptr, 15 * sizeof{int)): I
new elements
rot initialized
bt Y ¥ YY Y YYYT Y VY
; |m[55|33]121|54]1|9u|s1[5]‘n]?|?]¢|?[?|
15 integers
AFTER

free

void free(void *ptr);

BEFORE AFTER
F]1r ;]:r LSRR
free ( ptr) ;
BEFORE AFTER
- L[ [T 7] T
plr 200 integers ptr 200 integers
free (ptr) ;
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cal | oc & Array of Pointers

The next dlide details the full power
of an array of pointers

int table[4][5];

t abl e isan array of pointers

each pointing to an array of the same size
cal | oc removes that restriction

table i 30

18 12 24

table [0 ]
table [ 1] w1311 |16 12| 42| 19| 14
table [ 2]
table [3 ] e
Wable[ 4] 13 | 13 | 14
tabla [5]

1 | 18

table = (int **)calloc (rowNum + 1, sizeof{int*));

table[0] = (int*)calloc (4, sizeof(int));
table[1] = (int*)ealloc (7, sizeof(int)):
table[2] = (int*)calloc (1, szeofiint));
table[3] = (int*)calloc (3, sizeof(int)):
table[4] = (int®*)calloc (2, sizeof(int));

table[5] = NULL;
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