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Remember Memory?

We've disussed:

» Variables that associate portions of program memory witaraein our
program.
int x(10);

» References that pass the memory locations of variablestiifuns,
instead of a copy of the variable value.
ostream& print( ostream&% os, const classNane& rhs );

» Arrays, that associate a region of memaboyding one or more
same-type variables with a name in our program.
doubl e dbl Array[5] ={ 3.2, 4 };

It's time we dealt with memory directly — usingpinters.



The Pointer Type

Pointer TypeHolds the memory address of a variable.

A memory address requires the same number of bits astatmost
hardware platforms).

Not all pointer types are the sam@h+ distinguishes pointer variables by the
type of variable they “point to.”

Anint pointer is different than doubl e pointer, which is different than a
char pointer...



Pointer Type

Declaring Pointer Variables

1// A pointer to an integer
2int*x ptrint;

3 // A pointer to a double

4 doublex ptrDbl;

5

6 // Two pointers to integers
7int xptril, *xptrl2;

8

9 // They aren’t the same!

10 bool b( ptrint == ptrDbl );

Warning

int* pl, p2, p3;
Is 1 pointer and two integer variables!

Declare multiple (same type) pointers
like this:
int *pl, *p2, *p3;

10:  error: conparison between distinct pointer types ‘int*

and ‘double*’ lacks a cast |

None of the pointer variables contain valid values (memocgations) yet!



Operators for Pointers Address-of Operator &

Defining Pointer Variable Values

1// An integer variable X, with value 3
2 // and pX holds the address of X

3int X(3), *pX( &X );

4

5// A double variable Y, uninitialized ,
6 // and pY holds the address of Y

7 double Y, xpY = &Y;

8

9 // Pointer definition across

10// two lines. pY2 points to the

11 // addrss of Y as well.

12 doublex pY2; // right now pY2 is garbage
13pY2 = &Y; /I NOW, it points to Y.
14

15// The compiler doesn’t like this...
16 doublex pX2;

17 pX2 = &X;

The & Operator

Determines the memory address ¢
it's right-hand argument.

Frequently called the
“Address-Of” Operator

17: error: cannot convert ‘int*’ to ‘double*’

in assignnment




Operators for Pointers Address-of Operator &

Question 1.



Operators for Pointers Beware the & Location!

Reference Type vs Address-Of Operator

When is& used to specify a reference?

» When the left-hand token is a data type (intervening whiespgnored).
ostream& print( ostream&% os, const classNane& rhs );

When is& the address-of operator?

» When the right-hand token is an already defined variable.
int X *pX( &X);



Operators for Pointers Beware the & Location!

Reference Type vs Address-Of Operator

1#include <iostream> .

2 us_ing nam_espac_estd; ) Where IS theg‘ an

i}/md function( int call_by_value, int& reference) addl’eSS—Of Operator?

5 cout << "__ . The function_reference_is_at " <<

6 (unsigned long(&reference << endl;

7 cout << "The_function_call_by_value_is_at_" << Where iS the&a

8 (unsigned long(& call_by_valug << endl; . )

M reference type indicator?
Eznt main()

13 int x(3); What is the “address” of a
14 COoUt << " s The_main_x_is_at " <<

15 (unsigned long(&x) << endl; referenCE?

16 function( x, x );

17 return 0;

18}

The main x is at 140736809145964
The function reference is at 140736809145964
The function call_by value is at 140736809145916




Dereferencing Pointer Variables

l#include <iostream>
2 using namespacestd;
3 void function( intx pint )

4{ *
5 cout << "Function_plnt_points_to " << The Operator
6 (unsigned long(plint) << endl;
7 cout << "_Function_integer _is_at_"' <<
A 13 ” H H
8 (unsigned long(pint) << Dereferences” a pointer variable to
endl << i
10 T has_a,_val ue_of " << use its value.
11 +plnt << endl;
12
1 T “Dereferences” a pointer variable to
e ey change its value.
17 int X(3), =pX( &X );
18 cout << "__ . The_main_X_value_is_" <<
19 X << endl; _ _ The main X value is 3
20 cout << " ... The _main_X_is_at " << The main X is at 140735845412756
21 (unsigned long(&X) << endl; The main pX points to 140735845412756
22 cout << "_ The_main_pX_points_to " << Function plnt points to 140735845412756
23 (unsigned long(pX) << endl; Function integer is at 140735845412756
24 function( &X ); has a value of 3
25 cout << "_The_main_X value_s_now " << The main X value s now 4
26 X << endl;
27 return 0;



Operators for Pointers Dereferencing Operater

Pointer Comparisons

4 void print_pointers intx pX, intx plnt )

5{
6 cout << "Address_conpare: " ;
7 if ( pX == pInt ) {
8 cout << "pX_==_plnt" << endl;
9 } else { A
10 cout << "pX_!=_plnt" << endl; Address Companson:
11 }
12 cout << "Value-At - Address_conpare: "; p == q
13 if ( xpX == xplInt ) {
14 cout << "*pX_==_*plnt" << endl;
15 } else { _at_ i
1 P A Value-at-Address Comparison
17 } * = *
18} p q
19int i
20 &n main() Address conpare: pX == plnt
21 int Y(5), X(3), *pX( & ), *pInt( &X ); Val ue- At - Address conpare: *pX == *plnt
22
. . Address conpare: pX != plnt
23 print_pointers( pX, plint ); AL CokpY 1= %
24 e &= Endll Val ue- At - Address conpare: *pX !'= *plnt
25 pint = &Y; . -
. . Address conpare: pX != plnt
26 print_pointers( pX, pint ); Val ue- At - Address conpare: *pX == *plnt
27 cout << endl;
28 Y = 3;
29 print_pointers( pX, plint );
30
31 return 0;



Operators for Pointers Dereferencing Operater

Question 2.



Operators for Pointers Dereferencing Operater

Pointer Arithmetic

When calculating with pointers something special happens.

1 charx pChar( 0 );
2 intx plnt( 0 );

3 doublex pDbl( 0 ); ==k 0 ==

4 pChar begins at 0 after pChar++: 1

5for( int k=0; k<3; k++ ) { pint begins at 0 after ++pint: 4
cout << "==_k " << k << "_==" << endl; pDbl begins at 0 after pDbl+=1: 8

6

7 ==k 1 ==

8 cout << "pChar _begins_at_" << (unsigned long(pChart++); pChar begins at
9 cout << "_after_pChar ++: " << (unsigned long(pChar) pint begins at 4 after ++pint: 8
10 << endl; pDbl begins at 8 after pDbl+=1: 16
11 cout << "_plnt _begins_at " << (unsigned long(plint); =k2 ==

12 cout << "_ after_++pint:_" << (unsigned long(++pint) pChar begins at 2 after pChar++ 3
13 << endl; pint begins at 8 after ++pint: 12
14

15

16

17

18}

-

after pChar++: 2

cout << "_pDbl _begins_at_" << (unsigned long(pDbl); phbl begins at 16 after pDol+=1: 24
pDbl += 1;
cout << " _after_pDbl +=1: " <<

(unsigned long(pDbl) << endl; Run Progl’am



http://kehgpg.mcprogramming.com//home/khellman/sbox/teaching/csci261/lectures/src/pointer_arithmetic_run.gpg

Operators for Pointers Dereferencing Operater

Pointer Arithmetic

Each value of 1 added to a pointer, “skips” over 1 variabld&pgointed-to-memory.

1 charx pChar( 0 );
2 intx plnt( 0 );

3 doublex pDbl( 0 ); ==k 0 ==

4 pChar begins at 0 after pChar++: 1

5for( int k=0; k<3; k++ ) { pInt begins at 0 after ++pint: 4

6 cout << "==_k " << k << " _==" << endl; pDbl begins at 0 after pDbl+=1: 8

7 ==k 1 ==

8 cout << "pChar _begins_at_" << (unsigned long(pChart+); pChar begins at 1 after pChar++ 2

9 cout << " _after _pChar ++: " << (unsigned long(pChar) pint begins at 4 after ++pint: 8

10 << endl; pDbl begins at 8 after pDbl+=1: 16
11 cout << " _plnt _begins_at " << (unsigned long(plnt); =k2 ==

12 cout << "__after_++plnt:_" << (unsigned long(++plint) pChar begins at 2 after pChar++ 3

13 << endl: pint begins at 8 after ++pint: 12
14 cout << "_pDbl _begins_at_" << (unsigned long(pDbl); Pbl begins at 16 after pDbl+=1: 24
15 pDbl += 1;

16 cout << " _after _pDbl +=1: " <<

17 (unsigned long(pDbl) << endl; Run Program


http://kehgpg.mcprogramming.com//home/khellman/sbox/teaching/csci261/lectures/src/pointer_arithmetic_run.gpg

Operators for Pointers Dereferencing Operater

Question 3.



Operators for Pointers Dereferencing Operater

Const and Pointers

» The value of the pointer cannot be changed:
int x, vy;
int* const p( & );
p = &; //disallowed
*n =3 /K
» The value of thevariable located by the pointer cannot be changed:
int x, vy;
const int* p( & );
p=8&; /XK
*p = 3; //disall owed

» Nothing associated with the pointer may be changed:
int x, v,
const int* const p( & );
p = &; //disallowed
*p = 3; //disall owed



Operators for Pointers Dereferencing Operater

Question 4.



Operators for Pointers Dereferencing Operater

Arrays and Pointers

The compiler treats the name of an array as a constant paintiee array’s
memory.
We write:int intArray[12];
The compiler does:
int* const intArray( MEMORY_SPACE FOR 12 | NTEGERS );

Arrays are beneficialthey allow easy allocation of space for large chunks o
data.

Pointers, on the other hand, require the programméirtd” memory on their
own, and thennitialize the pointer value correctly



Operators for Pointers Dereferencing Operater

Arrays and Pointers

You may treat pointers to memory space as arrays to the samemspace.
Pointers may be passed as arrays in function arguments, and
[] may be used with pointers — just like arrays.

1 doublex pDbl( 0 );

2

3for( int k=0; k<3; k++ ) { 2=k 0 ==

g ol S TES N, &% ek T e emelR pDol points at O (pbbl + 0) points at: O
6 cout << "_pDbl _points_at_" << (unsigned long(pDbl); :prbll[E]: points at: 0

7 cout << "H(PDNJH" << k << ")_points_at: " pDbl points at 0 (pDbl + 1) points at: 8
8 << (unsigned long(pDbl + k) &Dbl [1] points at: 8

9 << endl; ==k 2 ==

10 cout << "_&pDbl [" << k << "] _points_at: ' pDbl points at 0 (pDbl + 2) points at: 16
11 << (unsigned long(& pDbl[k]) &pDbl [2] points at: 16

12 << endl;




Operators for Pointers Dereferencing Operater

finis
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