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Remember Memory?

We’ve disussed:

◮ Variables that associate portions of program memory with a name in our
program.
int x(10);

◮ References that pass the memory locations of variables to functions,
instead of a copy of the variable value.
ostream& print( ostream& os, const className& rhs );

◮ Arrays, that associate a region of memoryholding one or more
same-type variables with a name in our program.
double dblArray[5] = { 3.2, 4 };

It’s time we dealt with memory directly — usingpointers.



Pointer Type

The Pointer Type

Pointer TypeHolds the memory address of a variable.

A memory address requires the same number of bits as anint (most
hardware platforms).

Not all pointer types are the same!C++ distinguishes pointer variables by the
type of variable they “point to.”

An int pointer is different than adouble pointer, which is different than a
char pointer...



Pointer Type

Declaring Pointer Variables

1 / / A p o i n t e r t o an i n t e g e r
2 i n t ∗ p t r I n t ;
3 / / A p o i n t e r t o a doub le
4 doub le∗ p t r D b l ;
5
6 / / Two p o i n t e r s t o i n t e g e r s
7 i n t ∗ p t r I 1 , ∗ p t r I 2 ;
8
9 / / They aren ’ t t h e same !

10 boo l b ( p t r I n t == p t r D b l ) ;

Warning

int* p1, p2, p3;
Is 1 pointer and two integer variables!

Declare multiple (same type) pointers
like this:
int *p1, *p2, *p3;

10: error: comparison between distinct pointer types ‘int*’ and ‘double*’ lacks a cast

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



Operators for Pointers Address-of Operator &

Defining Pointer Variable Values

1 / / An i n t e g e r v a r i a b l e X , w i t h v a l u e 3
2 / / and pX h o l d s t h e a d d r e s s o f X
3 i n t X ( 3 ) , ∗pX( &X ) ;
4
5 / / A doub le v a r i a b l e Y , u n i n i t i a l i z e d ,
6 / / and pY h o l d s t h e a d d r e s s o f Y
7 doub le Y , ∗pY = &Y ;
8
9 / / P o i n t e r d e f i n i t i o n a c r o s s

10 / / two l i n e s . pY2 p o i n t s t o t h e
11 / / a d d r s s o f Y as w e l l .
12 doub le∗ pY2; / / r i g h t now pY2 i s garbage
13 pY2 = &Y; / / NOW, i t p o i n t s t o Y .
14
15 / / The c o m p i l e r doesn ’ t l i k e t h i s . . .
16 doub le∗ pX2;
17 pX2 = &X;

The& Operator

Determines the memory address of
it’s right-hand argument.

Frequently called the
“Address-Of” Operator

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



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 whitespace ignored).
ostream& print( ostream& os, const className& 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 # i n c l u d e < i o s t r eam >
2 u s i n g namespaces t d ;
3 vo id f u n c t i o n ( i n t ca l l _ b y _ v a l u e, i n t& r e f e r e n c e )
4 {
5 co u t << " The function reference is at " <<
6 ( u n s i g n ed long)(& r e f e r e n c e) << en d l;
7 co u t << "The function call_by_value is at " <<
8 ( u n s i g n ed long)(& c a l l _ b y _ v a l u e) << en d l ;
9 }

10
11 i n t main( )
12 {
13 i n t x ( 3 ) ;
14 co u t << " The main x is at " <<
15 ( u n s i g n ed long)(& x ) << en d l ;
16 f u n c t i o n ( x , x ) ;
17 r e t u r n 0 ;
18 }

Where is the& an
address-of operator?

Where is the& a
reference type indicator?

What is the “address” of a
reference?

The main x is at 140736809145964
The function reference is at 140736809145964

The function call_by_value is at 140736809145916
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Dereferencing Pointer Variables

1 # i n c l u d e < i o s t r eam >
2 u s i n g namespaces t d ;
3 vo id f u n c t i o n ( i n t ∗ p I n t )
4 {
5 co u t << "Function pInt points to " <<
6 ( u n s i g n ed long) ( p I n t ) << en d l ;
7 co u t << " Function integer is at " <<
8 ( u n s i g n ed long) ( p I n t ) <<
9 en d l <<

10 " has a value of " <<
11 ∗ p I n t << en d l ;
12
13 ∗ p I n t = ∗ p I n t + 1 ;
14 }
15 i n t main( )
16 {
17 i n t X ( 3 ) , ∗pX( &X ) ;
18 co u t << " The main X value is " <<
19 X << en d l ;
20 co u t << " The main X is at " <<
21 ( u n s i g n ed long)(& X) << en d l ;
22 co u t << " The main pX points to " <<
23 ( u n s i g n ed long) ( pX) << en d l ;
24 f u n c t i o n ( &X ) ;
25 co u t << " The main X value s now " <<
26 X << en d l ;
27 r e t u r n 0 ;
28 }

The* Operator

“Dereferences” a pointer variable to
use its value.

“Dereferences” a pointer variable to
change its value.

The main X value is 3
The main X is at 140735845412756

The main pX points to 140735845412756
Function pInt points to 140735845412756
Function integer is at 140735845412756

has a value of 3
The main X value s now 4
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Pointer Comparisons

4 vo id p r i n t _ p o i n t e r s( i n t ∗ pX , i n t ∗ p I n t )
5 {
6 co u t << "Address compare: " ;
7 i f ( pX == p I n t ) {
8 co u t << "pX == pInt" << en d l;
9 } e l s e {

10 co u t << "pX != pInt" << en d l;
11 }
12 co u t << "Value -At-Address compare: " ;
13 i f ( ∗pX == ∗ p I n t ) {
14 co u t << "*pX == *pInt" << en d l;
15 } e l s e {
16 co u t << "*pX != *pInt" << en d l;
17 }
18 }
19 i n t main( )
20 {
21 i n t Y ( 5 ) , X ( 3 ) , ∗pX( &X ) , ∗ p I n t ( &X ) ;
22
23 p r i n t _ p o i n t e r s( pX , p I n t ) ;
24 co u t << en d l ;
25 p I n t = &Y ;
26 p r i n t _ p o i n t e r s( pX , p I n t ) ;
27 co u t << en d l ;
28 Y = 3 ;
29 p r i n t _ p o i n t e r s( pX , p I n t ) ;
30
31 r e t u r n 0 ;
32 }

Address Comparison:
p == q

Value-at-Address Comparison
*p == *q

Address compare: pX == pInt
Value-At-Address compare: *pX == *pInt

Address compare: pX != pInt
Value-At-Address compare: *pX != *pInt

Address compare: pX != pInt
Value-At-Address compare: *pX == *pInt



Operators for Pointers Dereferencing Operator∗

Question 2.



Operators for Pointers Dereferencing Operator∗

Pointer Arithmetic

When calculating with pointers something special happens.. .

1 ch a r∗ pChar( 0 ) ;
2 i n t ∗ p I n t ( 0 ) ;
3 doub le∗ pDbl ( 0 ) ;
4
5 f o r ( i n t k =0 ; k <3 ; k++ ) {
6 co u t << "== k " << k << " ==" << en d l ;
7
8 co u t << "pChar begins at " << ( u n s i g n ed long) ( pChar++ ) ;
9 co u t << " after pChar++: " << ( u n s i g n ed long) ( pChar)

10 << en d l;
11 co u t << " pInt begins at " << ( u n s i g n ed long) ( p I n t ) ;
12 co u t << " after ++pInt: " << ( u n s i g n ed long) (++ p I n t )
13 << en d l;
14 co u t << " pDbl begins at " << ( u n s i g n ed long) ( pDbl ) ;
15 pDbl += 1 ;
16 co u t << " after pDbl+=1: " <<
17 ( u n s i g n ed long) ( pDbl ) << en d l ;
18 }

== k 0 ==
pChar begins at 0 after pChar++: 1
pInt begins at 0 after ++pInt: 4
pDbl begins at 0 after pDbl+=1: 8

== k 1 ==
pChar begins at 1 after pChar++: 2
pInt begins at 4 after ++pInt: 8
pDbl begins at 8 after pDbl+=1: 16

== k 2 ==
pChar begins at 2 after pChar++: 3
pInt begins at 8 after ++pInt: 12
pDbl begins at 16 after pDbl+=1: 24

Run Program

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

Each value of 1 added to a pointer, “skips” over 1 variable in the pointed-to-memory.

1 ch a r∗ pChar( 0 ) ;
2 i n t ∗ p I n t ( 0 ) ;
3 doub le∗ pDbl ( 0 ) ;
4
5 f o r ( i n t k =0 ; k <3 ; k++ ) {
6 co u t << "== k " << k << " ==" << en d l ;
7
8 co u t << "pChar begins at " << ( u n s i g n ed long) ( pChar++ ) ;
9 co u t << " after pChar++: " << ( u n s i g n ed long) ( pChar)

10 << en d l;
11 co u t << " pInt begins at " << ( u n s i g n ed long) ( p I n t ) ;
12 co u t << " after ++pInt: " << ( u n s i g n ed long) (++ p I n t )
13 << en d l;
14 co u t << " pDbl begins at " << ( u n s i g n ed long) ( pDbl ) ;
15 pDbl += 1 ;
16 co u t << " after pDbl+=1: " <<
17 ( u n s i g n ed long) ( pDbl ) << en d l ;
18 }

== k 0 ==
pChar begins at 0 after pChar++: 1
pInt begins at 0 after ++pInt: 4
pDbl begins at 0 after pDbl+=1: 8

== k 1 ==
pChar begins at 1 after pChar++: 2
pInt begins at 4 after ++pInt: 8
pDbl begins at 8 after pDbl+=1: 16

== k 2 ==
pChar begins at 2 after pChar++: 3
pInt begins at 8 after ++pInt: 12
pDbl begins at 16 after pDbl+=1: 24

Run Program

http://kehgpg.mcprogramming.com//home/khellman/sbox/teaching/csci261/lectures/src/pointer_arithmetic_run.gpg
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Question 3.
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Const and Pointers

◮ The value of the pointer cannot be changed:
int x, y;
int* const p( &x );
p = &y; //disallowed
*p = 3; //OK

◮ The value of thevariable located by the pointer cannot be changed:
int x, y;
const int* p( &x );
p = &y; //OK
*p = 3; //disallowed

◮ Nothing associated with the pointer may be changed:
int x, y;
const int* const p( &x );
p = &y; //disallowed
*p = 3; //disallowed
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Question 4.
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Arrays and Pointers

The compiler treats the name of an array as a constant pointerto the array’s
memory.
We write:int intArray[12];
The compiler does:

int* const intArray( MEMORY_SPACE_FOR_12_INTEGERS );

Arrays are beneficial:they allow easy allocation of space for large chunks of
data.

Pointers, on the other hand, require the programmer to“find” memory on their
own, and theninitialize the pointer value correctly.
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Arrays and Pointers

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

1 doub le∗ pDbl ( 0 ) ;
2
3 f o r ( i n t k =0 ; k <3 ; k++ ) {
4 co u t << "== k " << k << " ==" << en d l ;
5
6 co u t << " pDbl points at " << ( u n s i g n ed long) ( pDbl ) ;
7 co u t << " (pDbl + " << k << ") points at: "
8 << ( u n s i g n ed long) ( pDbl + k )
9 << en d l;

10 co u t << " &pDbl[" << k << "] points at: "
11 << (u n s i g n ed long)(& pDbl [ k ] )
12 << en d l;
13 }

== k 0 ==
pDbl points at 0 (pDbl + 0) points at: 0
&pDbl[0] points at: 0

== k 1 ==
pDbl points at 0 (pDbl + 1) points at: 8
&pDbl[1] points at: 8

== k 2 ==
pDbl points at 0 (pDbl + 2) points at: 16
&pDbl[2] points at: 16
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finis
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