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Objectives

In this Lecture, you will:

[=]

[=]

Learn about the pointer data type and pointer
variables

Explore how to declare and manipulate pointer
variables

Learn about the address of operator and the
dereferencing operator

Discover dynamic variables

Explore how to use the new and delete operators to
manipulate dynamic variables

Learn about pointer arithmetic
Discover dynamic arrays
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ta Type and Pointer

il

Variables

~onter. b}

le: content is a memory address
associated with the pointer
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e statements are equivalent:
* p C
* 0;
* p;
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s of Operator (&)
, &, 1s called the address of

Or is a unary operator

eturns the address of its operand
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Pereferencing Operator (*)

= When used as a unary operator, * is the
dereferencing operator or indirection operator

= Refers to object to which its operand points

= Example:
int x
int *p;

p = &x; //store the address of x in p

= To print the value of %, using p:

cout << *p << endl;

= To store a value in x, using p:
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num 1800

FIGURE 14-1 Main memory, p, and num

num 1800

FIGURE 14-2 num after the statement num = 78; executes
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num 1800

FIGURE 14-3 p after the statement p = &num; executes

num 1800

FIGURE 14-4 *p and num after the statement *p = 24; executes
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caveie 1+

Consider the following statements:

int *pi;<«— Allocates memory for p only, not for *p
int x;

Value

1400

777 (unknown)

Does not exist (undefined)
1750

277 (unknown)
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Value

1400

777 (unknown)

Does not exist (undefined)
1750

50




int _tmain(int argc, _TCHAR* argv|[])
{

int N=30;

int *NPtr; . —
NPtr=8&N; &N= 002AFC54
cout<<"N=\t"<<N<<endl; xNPtr= 30
cout<<"&N=\t"<<&N<<endl; NPtr= gggﬂchq
cout<<"*NPtr=\t"<<*NPtr<<endl; &N= 002AFC54

cout<<"NPtr=\t"<<NPtr<<endl; xNPtr= 200
N=200 - NPtr= PO2AFCSY4

A 2 GNPtr= 0O02AFCH48
cout<<"N=\t"<<N<<endl; Press any key to continue .

cout<<"&N=\1"<<&N<<endl;
cout<<"*NPtr=\t"<<*NPtr<<endl;
cout<<"NPtr=\t"<<NPtr<<endl;

cout<<"&NPtr=\t"<<&NPtr<<endl;
return 0;



e
l1zing Pointer Variables

automatically initialize variables

must be initialized if you do
t want them to point to anything

itialized using the constant value 0
Called the null pointer

Example:p = 0;

, use NULL named constant: p = NULL;

= The number 0 is the only number that can be directly
assigned to a pointer variable
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namic Variables

lables: created during execution
ic variables using pointers
,to create and

are reserved words
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Operator

O has two forms:

= where intExp is any expression evaluating to a
positive integer

O allocates memory (a variable) of the
designated type and returns a pointer to it

= The address of the allocated memory

= The allocated memory is uninitialized
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Pperator  (continued)

@ The statement:p = &x;

= Stores address of x in p

o However, no new memory is allocated
m The statement: p = new int;

= Creates a variable during program execution
somewhere in memory, and stores the address of
the allocated memory in p

o To access allocated memory: *p
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int *p; //p is a pointer of type int
char *name; //name is a pointer of type char
string *str; //str is a pointer of type string

p = new int; //allocates memory of type int
//and stores the address of the
//allocated memory in p
//stores 28 in the allocated memory

name = new char[5]; //allocates memory for an array of
//five components of type char and
//stores the base address of the array

//in name
strcpy (name, "John"); //stores John in name

str = new string; //allocates memory of type string
//and stores the address of the

//allocated memory in str
*str = "Sunny Day"; //stores the string "Sunny Day" in
//the memory pointed to by str
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pperator . (continued)

5 memory space of a specific type
ne (starting) address of the

ew 1is unable allocate the required
ory space, it throws bad alloc exception

this exception is not handled, it terminates the
gram with an error message
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Operator =

FIGURE 14-8 p after the execution of p = new int;

FIGURE 14-9 p and *p after the execution of *p = 54;
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Pperator

p = new int;
54;
p = new int;

13;

- (continued)

FIGURE 14-10 p after the execution of p = new int;

» so0— [N

FIGURE 14-11 p after the execution of p = new int;
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Pperator -~ (continued)

[=]

To avoid memory leak, when a dynamic
variable is no longer needed, destroy it

= Deallocate its memory

delete 1s wused to destroy dynamic
variables

Syntax:

delete pointerVariable; / /to deallocate a single
//dynamic wvariable

delete [] pointerVariable; //to deallocate a dynamically
//created array

= Tip: to avoid dangling pointers, set variable to
NULL afterwards
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Pperations on Pointer Variables

= Assignment: value of one pointer variable can
be assigned to another pointer of same type

= Relational operations: two pointer variables of
same type can be compared for equality, etc.

= Some limited arithmetic operations:

= Integer values can be added and subtracted from a
pointer variable

= Value of one pointer variable can be subtracted from
another pointer variable
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Jperatior

s on Pointer Variables
(continued)
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Jperat ons on Pointer Variables
(continued)

metic can be very dangerous

accidentally access the memory
ariables and change their content

Some systems might terminate the program with an
ppropriate error message

ys exercise extra care when doing pointer
netic
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amic Arrays

ray: array created during the
program

[10];
tements:
25 ;
£,

nd 35 into the first and second array
components, respectively
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list -‘H‘"‘--.

list[0]
list[1]
list[2]
list[3]
list[4]

FIGURE 14-12 1list and array 1list

list --..
-

.
list[0] 1000 25

li=st[1] 1004
list[2] 1008
list[3] 1012 78
li=t[4] 1016

FIGURE 14-13 Array 1list after the execution of the statements 1ist [0] = 2

-

lig: [:I] = TE:;




Shallow versus Deep Copy of Pointers

int * first;
int * second;

first = new int[10];

= Assume some data is stored in the array:
fixst [E— NN

FIGURE 14-17 Pointer first and its array

= If we execute:
ﬂm:ﬁmamammmmnn

second

FIGURE 14-18 first and second after the statement second = first; executes
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Shallow versus Deep Copy and
Pointers (continued)

= Shallow copy: two or more pointers of the
same type point to the same memory

= They point to the same data

delete [] second;

FIGURE 14-19 first and second after the statement delete [] s
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Shallow versus Deep Copy and
Pointers (continued)
= Deep copy: two or more pointers have their

own data

second = new int[10];

for (int j = 0; J < 10; J++)
second[j] = first[j]:

rixo [E— EIEACE I EAEET
1056 8525 |47 c4 |28 527 72

FIGURE 14-20 first and second both pointing to their own data
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