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Pointer

• A pointer is a programming language 
object, whose value refers to (or "points 
to") another value stored elsewhere in the 
computer memory using its address* 

* https://en.wikipedia.org/wiki/Pointer_(computer_programming)



Address-of  operator (&)

x = & var1 

• means that x takes the value of  the address of  the 
variable var1 

We don’t know the address of  the variable preliminary as it’s 
assigned by the operating system in the runtime. 



Address-of  operator (&): example

x1 = &var1; 

x2 = var1;

Memory 
Address

Value

1000
1001 1
1002
1003 hello
1004 ^^%$
1005

Memory 
Address

Value Variable

1000
1001
1002 103 var1
1003 hello
1004 ^^%$
1005

var1 = 103;

What are the values 
of  the x1 and x2?
x1 = 1002
x2 = 103

The variable that stores 
the address of another 
variable (x1) is a pointer.  

Pointers "point to" the 
variable whose address 
they store.



Dereference operator (*)

y = * x1 

• means that y takes the value pointed to by the 
variable x1 

i.e. if  the variable x1 contains the address of  the variable z (x1 
= &z), y will take the value of  the z



Dereference operator (*): example

y = * x1;

Memory 
Address

Value

1000
1001 1
1002
1003 hello
1004 ^^%$
1005

Memory 
Address

Value Variable

1000
1001
1002 103 var1
1003 hello
1004 ^^%$
1005

var1 = 103; 

x1 = &var1; 

x2 = var1;

What are the values 
of  the x1 and y?
x1 = 1002
y = 103



Declaration of  the pointers

type * name; 

• type is the data type pointed to by the pointer. This type 
is not the type of  the pointer itself! 

i.e. for 

int * numberInt; double * numberDouble; char * character1; 

the space in the memory occupied by each of  these pointers most likely will be 
the same. But the data to which they point to, occupy different amount of  
space!



Declaration of  the pointers

• NOTE that asterisk (*) used when declaring 
a pointer (int * numberInt;) and dereference 
operator (*) are different things represented 
with the same sign!  

When declaring a pointer it only means that it is a 
pointer (it is part of  its type compound specifier but not a 
dereference).



Declaration and reassigning the 
pointers: example

Result:



Declaration and reassigning the 
pointers: example 

Result:



Call by Reference vs Call by Pointer

Call by Reference Call by Pointer

Point / refer to 
nowhere (to NULL)

NO  
(should always refer to the 

valid variable)

YES  
(can be empty - NULL 

or can point to the 
invalid memory location)

Reassigning 
NO 

(can be bind only one time 
at initialization)

YES 
(can be reassigned any 

number of  times)

Access to the 
memory location

DIRECTLY 
(value = ref1)

DEREFERENCE (*) 
(value = *point1)



Pointers and Arrays

• an array can be implicitly converted to the 
pointer of  the proper type. 

int array1 [10]; 

int * p1; 

p1 = array1; 

• Pointers and arrays support the same set of  
operations. But pointers can be assigned new 
addresses, while arrays cannot. Arrays always represent 
the same block of  elements of  the concrete type.



Pointers and Arrays: example 

Result:



Pointers arithmetics

• only addition and subtraction operations are 
allowed 

• The important moment with the pointers 
arithmetic - remember the size of  the data types. 
For example, int is 4 bytes, char is 1 byte, double 
is 8 bytes, etc *.

* https://msdn.microsoft.com/en-CA/library/s3f49ktz.aspx

https://msdn.microsoft.com/en-CA/library/s3f49ktz.aspx


Pointers arithmetics

• *p++    

same as *(p++): increment pointer, and dereference unincremented 
address 

• *++p    

same as *(++p): increment pointer, and dereference incremented address 

• ++*p    

same as ++(*p): dereference pointer, and increment the value it points to 

• (*p)++  

dereference pointer, and post-increment the value it points to



Pointers arithmetics: example
Memory 
Address

1000 <-
1001
1002
1003
1004
1005
1006
1007
1008
1009
1010
1011
1012
1013
1014

char * p1; 

int * p2; 

double * p2;

Let’s assume that all of  these 
pointers points to the same 
address 1000 (it’s from 3 
sequential runs of  the program).

Where these pointers 
will point after? 

++p1; 

++p2; 

++p3;

p1 will point to the value at 
the address 1001 (plus 1 byte); 
p2 to 1004 (plus 4 bytes); p3 

to 1008 (plus 8 bytes)



Const pointers

• To declare pointers that can access the pointed value to read 
it, but not to modify it.  

• For this, it is enough with qualifying the type pointed to by the 
pointer as const. 

int x =0; 

int y = 1; 

const int * p1 = &y; 

x = *p1;          // works 

*p1 = x;           // doesn’t work



Void pointers

• void pointers are pointers that point to a value 
that has no type (undetermined length and 
dereferencing properties). 

• void pointers can point to any data type, BUT 
the data pointed to by them cannot be 
directly dereferenced (since we have no type to 
dereference to). Any address in a void pointer needs 
to be transformed into some other pointer type that 
points to a concrete data type before being 
dereferenced.



Pointers to pointers

• To declare pointers to pointers use an asterisk (*) for each level 
of  indirection in the declaration of  the pointer, for example: 

char p1; 

char * p2; 

char ** p3; 

p1 = 'q'; 

p2 = &p1; 

p3 = &p2;

Memory 
Address

Value Variable

1000
1001 q p1
1002
1003 1001 p2
1004
1005 1003 p3



Dynamic memory

• Dynamic memory is allocated using operator new. It 
returns a pointer to the beginning of  the new block of  
memory allocated. 

pointer = new type 

pointer = new type [number_of_elements] 

• If  the memory is not needed anymore we can free it 
using the operator delete. 

delete pointer [number_of_elements]
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