Handout 11 – Pointers


Pointers are used in C for a number of reasons:

· High performance – especially at low-level
· "Passing" arrays between functions
· Talking to computer hardware (low level)
· [bookmark: _GoBack]Variables cannot be passed by reference to a function in C


A closer look at a variable

Consider the following program:

void main()
{
int x;
x=5;
}

When we declare x (int x), we’re actually setting its address in computer memory – known as the left value. This is the reason we have to declare a variable before we use it. The contents of the variable (x=5) is called the right value.



Printing left value and right value

#include <stdio.h>

void main()
{
int x;
x=5;
printf("Variable x address: %p \n",&x);     	//print left value of x
printf("Variable x content: %d",x);		//print right value of x
}

The "&” symbol allows us to see the left value of a variable (the memory location). (We have already encountered this symbol when using scanf)
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If there is no right value (content) for the variable, whatever was last written to that memory location becomes the content. This has implications for the accuracy and security of the program. Therefore, we should always have a value in a variable before using them.

If we declare more than one variable, each variable declared is automatically assigned a different memory location of sufficient size:

#include <stdio.h>

void main()
{
int x;
x=7;
int y;
y=8;
int z;

printf("x Left value: %p\n",&x);
printf("x Right value: %d\n\n",x);

printf("y Left value: %p\n",&y);
printf("y Right value: %d\n\n",y);

printf("z Left value: %p\n",&z);
printf("z Right value: %d\n\n",z);
}
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Note that variable z above does not have a right value, so we just see whatever is at the memory location already (usually, rubbish is printed out).


Using pointers

Pointers are used to point to the memory location of a variable, so it can be accessed directly at its memory location.

A pointer is declared using the * symbol.


#include <stdio.h>

void main()
{
int x;
int *ptrx;		//declare pointer
x=7;
ptrx=&x; 		//put memory address of x into pointer (ie left value)

printf("%p\n",&x);
printf("%d\n",x);
printf("%p\n",ptrx);	//memory address being pointed to 
printf("%d\n\n",*ptrx); 	//contents of the memory location the pointer is pointing to.
}
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Changing values of variables via pointers:


#include <stdio.h>

void main()
{
int x;
int *ptrx;
x=7;
ptrx=&x;			//point at address of x

printf("%d ",x);			//print out x (7)
printf("%d\n\n",*ptrx);		//print out contents of pointer to x (7)

x=8;				//change x via variable

printf("%d ",x);			//print out x (8)
printf("%d\n\n",*ptrx);		//print out contents of pointer to x (8)

*ptrx=9;			//change x via pointer to variable

printf("%d ",x);			//print out x (9)
printf("%d\n\n",*ptrx);		//print out contents of pointer to x (9)
}



More than one pointer can point to the same memory location if required:

#include <stdio.h>

void main()
{
int x;
int *ptrx;
int *anotherxptr;

x=7;
ptrx=&x;
anotherxptr=&x;

printf("%d ",x);				//same
printf("%d ",*ptrx);			//same
printf("%d\n\n",*anotherxptr); 		//same
}
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Using pointers for program operations

We can use pointers to do the same program operations that we do using variables (eg multiplying etc)

eg:

#include <stdio.h>

void main()
{
int x,y,*ptrx;
x=7;
ptrx=&x;

y= *ptrx * 2;  		//multiply by 2

printf("%d\n\n",y);
}
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Exercises

1. Given three integer variables, x=512, y=1024 and z=2048, write a program to print out their left values as well as their right values.

2. Given that x=5 and y=6, write a program to multiply the two integers and print out the result (saved in total), all using pointers.

Arrays and pointers

We can also access arrays using pointers:

Make pointer to first element of array:

#include <stdio.h>

void main()
{
int myarray[6];
int *myptr;

myptr=myarray; 						//(NB: no & needed)

printf("Start address of array: %p",&myarray[0]);		//start address of array
printf("Start address of array via pointer: %p", myptr); 	//start address of array via pointer  
}
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Show contents of first array element via pointer:

#include <stdio.h>

void main()
{
int myarray[6];
int *myptr;

myptr=myarray;

printf("Address of element 0: %p\n",&myarray[0]);		//start address of array
printf("Start address of array: %p\n\n", myptr);		//start address of 
 								//array via pointer (same)

myarray[0]=3;
printf("Contents of element 0: %d\n",myarray[0]);		//value of element 0 via variable
printf("Start address of array: %d\n", *myptr);		//value of element 0 via pointer 
 								

}
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We can access different elements of the array by moving the pointer.


#include <stdio.h>

void main()
{
int myarray[5]={1,2,3,4,5};
int *myptr;

myptr=myarray;

printf("%d",*myptr);		//print out contents of myarray[0]

printf("\n\n");

myptr=myptr+1;		//adding one moves pointer to next element in array

printf("%d",*myptr);		//print out contents of myarray[1]
}

[image: 1]
If we want to use an array in a different function, we can’t pass the array, but we can pass the pointer.

In the example below, there are two functions – void main()  and void showarray() The array (myarray) is declared in void main() and therefore can’t be seen by the showarray function. But if we pass the pointer to the array, we can access the array indirectly:


#include <stdio.h>

void showarray(int *ptrx);

void main()
{
int myarray[5]={1,2,3,4,5};
int *ptrx;
ptrx=myarray;				//set up pointer to point to array
printf("%d\n\n",*ptrx);			//print myarray[0]

showarray(ptrx);

}

void showarray(int *ptrx)
{
printf("%d\n\n",*ptrx);			//print myarray[0]
}

(Note – pointer must be shown in the prototype)
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Note: If the pointer to the array is changed in a satellite function, it still remains the same in the main function (unless the value is returned)


#include <stdio.h>

void showarray(int *ptrx);

void main()
{
int myarray[5]={1,2,3,4,5};
int *ptrx;
ptrx=myarray;
printf("%d\n\n",*ptrx);			//print myarray[0]

showarray(ptrx);

printf("%d\n\n",*ptrx);			//print myarray[0] (pointer still intact)
}

void showarray(int *ptrx)
{
ptrx=ptrx+1;				//change pointer
printf("%d\n\n",*ptrx);			//print myarray[1]
}
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