Lecture 6

So tell me again, what is a pointer?

Let's go over some stuff that we have covered before.

Definition: A pointer is an object capable of holding the address of another object.

When a pointer holds the address of another object, it is said to "point" to or "reference" that object. 

When a pointer "points to” or "references" an object, we can manipulate that object through the pointer.

Pointers are highly specific. If we wish to "point" to an int object, we must use an int pointer. If we wish to "point"  to a double object we must use a double pointer. If we need to point to a User Defined Object, for example an Employee object, we must use an Employee pointer.

We can explicitly create a pointer by writing a statement in the form:

  Class-name  asterisk(*) pointer-name.

· The Class-name indicates what type of object the pointer will be used to point to.

· The asterisk signals the compiler that we want a pointer and NOT an object of that type

· The pointer-name is the name that you have decided to give the pointer. This can be any legal C++ object name.

So the statement:

 Asterisk

int   *  ptr;

Class-name pointer-name.

Will create an object of type “pointer to int” named ptr. This type of pointer will be a pointer variable.

That's lovely, but what can you do with them?

As we stated earlier, once a pointer "points" to an object, we can control that object through the pointer. let's write some code. As always, pretend that the usual suspects have been included:


Now this is a rather busy little program. Let us see what it does.

A brief digression

 First let's take a look at line 5:


This creates an object named "cprn" of type ofstream. ofstream stands for

"Output File Stream." Objects of this class have the ability to write output to a file. Therefore, "cprn", being a member of this class has the ability to write output to a file. The question is, which file?

The string in the argument (parameter) list , "out.txt" specifies the name of the file that "cprn" will direct output to. The system will look for a file named "out.txt" and write to it. If the file does not exist, it will be created.

In the program, instead of directing our output to the "cout" object which would put the output on the console, we direct it to the "cprn" object which will write it to "out.txt." At the conclusion of the program, we need merely open "out.txt" with any text editor to examine our output.

Back to pointers

Now that that little mystery is cleared up, let's look at some code:


Line 8 creates an object named "num" of type int. No mystery there, but look at line 10. This line creates an object named "ptr"of type "pointer to int". Note that this uses the same form that we discussed earlier: 

        Class-name  asterisk(*) pointer-name.

Now at this point, there is NO connection between "num" and "ptr" except for the accident that they appear in the same program. 

What values do they hold?

The value of num at this time is undefined meaning that there is  a value in it, but it is a garbage value. This is of course no big deal.

The value of "ptr" is similarly undefined, however this is  a potentially big deal.

A side-trip into the Wilderness of Dangling Pointers

"ptr" has a value in it and because it is a pointer, the system will interpret this as a pointer address. Which pointer address? Well there is no way of knowing that. It may indicate any area in memory. With our luck, it could indicate a point in the middle of the Operating System

By itself, this will not cause grief. The problem occurs when we accidentally use the pointer without first reassigning a legitimate address to it. Suppose we attempt to assign a value indirectly using the pointer, that value gets put into that point in the Operating system causing it to "crash" making every one on the system very unhappy.

Pointers that have not been assigned a legitimate address and thus have "garbage" in them are referred to as "Dangling Pointers" and they are a major source of grief for the unwary programmer. A remedy for this is to assign the value zero ("0") to the pointer upon creation. 

Zero is the only literal that can be explicitly assigned to a pointer by a programmer. It tells the system that this pointer points nowhere.

Back to the code

In line 12, we do something strange:


The operator ampersand there ( & ) is referred to as the "Address of" operator. Here it means literally:

             "return the address of"

It returns the address of the object with which it is used. In this example, it would therefore return the address or location of the object "num". This value is then assigned to "ptr." This is cool because "ptr" is a pointer to int, and as we decided earlier, it is capable of holding the address of an int object. Therefore, after this statement executes, "ptr" now holds the address of "num".

Let us look at two statements that we made earlier:


Now that "ptr" points to or references "num", we can manipulate "num" through ptr. In line 14, we do just that:


Lets look at the left hand side of this statement:


The asterisk there ( * ) is referred to as the "indirection" or "de-reference" operator. It means literally:

    "The object pointed to by…" or "The object referenced by…"

Therefore the expression :

*ptr …

means "The object pointed to by ptr." 

Now what is The object pointed to by ptr?"  Why "num" of course! You will remember that in line 12, we gave "ptr" the address of "num" and we decided that since it now had the address of num it "pointed to" or "referenced" num.

The use of the de-reference operator informs the system that we are not interested in the pointer, instead we wish to access the object that the pointer references. In other words we "de-reference " the pointer or "go to the object the pointer references", hence the name "de-reference operator." 

Another way of saying this is that we access the object "num" indirectly, hence the name indirection operator.

Therefore, the statement:


has the same effect as saying:


Therefore our program above will yield the following output:


In the third line, the value 0x0065fe00  represents the value of "ptr" which is the actual address of num in our memory.

What is this "Pointer Arithmetic" thing?

Lets create one of our old friends, an array:

  int num[10];

As we decided in an earlier lecture, this will create a structure in memory that can be conceptualized as:

                                     Location             900         904       908        912       916        920       924        928       932       936

                                     Value        

   num

                                      Name                 num      num      num      num      num        num      num       num      num     num

                                      Index                   [0]       [1]          [2]        [3]        [4]          [5]         [6]         [7]          [8]      [9]

                                      Data Type           int         int         int        int       int            int         int           int          int       int  

The system has given us a pointer constant named num that contains the address of the first element of the array. As a pointer constant, the contents of num cannot change during the execution of the program.

In the same program, we can create another pointer:

                        int * ptr;

and assign it the address of the first element of the num array thusly:

                  ptr = num;

Since num has the address of the first element of the array, when we assign it to ptr, ptr would then also  have the address of the first element of the array. This could also have been accomplished by the statement:

                  ptr = &num[0];         

Here, "ptr" is assigned the address of  num[0], the first element in th num array. This creates a situation where two pointers, "num" and "ptr", are pointing to num[0]. This can be conceptualized as:

         ptr


                                     Location             900         904       908        912       916        920       924        928       932       936

                                     Value        

num

                                      Name                 num      num      num      num      num        num      num       num      num     num

                                      Index                   [0]       [1]          [2]        [3]        [4]          [5]         [6]         [7]          [8]      [9]

                                      Data Type            int         int         int        int       int            int         int           int          int       int  

"num" cannot point to any other object but num[0] since it is a pointer constant, but "ptr" a pointer variable, is not so constrained. We can write the following statement:

                                         ptr++;

Since "ptr" is a pointer, this statement follows the rules of pointer arithmetic. Let us assume that the value in "ptr" is indeed 900. This statement WILL NOT make the value in "ptr" 901. Instead, "ptr" is incremented the value of the SIZE of the object that it points to. Since "ptr" is a "pointer to int", it will be incremented by 4 bringing its value to 904. In other words, it will point to or reference the next element of the array, num[1]. We can conceptualize this as:

         ptr

                                     Location             900         904       908        912       916        920       924        928       932       936

                                     Value        

num

                                      Name                 num      num      num      num      num        num      num       num      num     num

                                      Index                   [0]       [1]          [2]        [3]        [4]          [5]         [6]         [7]          [8]      [9]

                                      Data Type            int         int         int        int       int            int         int           int          int       int  

In general, when we increment a pointer, it is incremented by ONE OBJECT of the type it points to. We can access the array using pointer arithmetic notation:

  

The statement:

   *ptr = n;

can be translated as:

    the object pointed to by ptr is assigned the value of "n".

the next statement:

     ptr++;

Advances the pointer to the next element of the array. 

We can also do the following:

  

This may look like we are violating the rule that the value of "num" cannot change but it does not. The expression:

   

Does not change the value of num. Instead we merely add "n" to the value  of "num". A value is thus formed that is the addition of the value of num plus n elements. This is in effect, the address of an element n elements beyond the object pointed to by "num". 

If "n" has a value of zero, then that address is zero elements beyond where "num" is pointing or num[0]. When "n" has a value of three, that address would be that of the element three elements beyond where "num" is pointing, in other words num[3].

The addition of the indirection operator ( * ) de-references that address brining us to the object itself. The object is assigned the value of "n".

So what does the index operator do?

When we say num[0], we are telling the system:

   Go to the object 0 beyond where num is pointing. The index operator in effect de-references the address at  (num + 0). Indeed, it is another way of writing:

                        *(num + n)

In our next lecture, we will do some more pointer exercises and move on to the concept of the class.

// File name:	Example1.cpp





# include <fstream.h>





   ofstream cprn("out.txt");


	void main()


	 {


	   int num;     // Create an object named num of type int





	   int * ptr;   // Create a POINTER named ptr of type num





	   ptr = &num;  // Assign the address of "num" to "ptr"





	   *ptr = 48;   // Assign 48 to the object pointed to by ptr





                   // Directly access the value of num


	   cprn << "\nUsing the pointer, the value of num is "


           << *ptr;





                    // Use pointer to access the value of num.


                    // Indirect access


	   cprn << "\nUsing the pointer, the value of num is " 


            << *ptr;





      cprn << "\nThis is the value in ptr: " << ptr;





    }            





5.   ofstream cprn("out.txt");








 8.   int num;     // Create an object named num of type int


 9.


10.   int * ptr;   // Create a POINTER named ptr of type num








12.   ptr = &num;  // Assign the address of "num" to "ptr"








When a pointer holds the address of another object, it is said to "point" to that object. 





When a pointer "points” to an object, we can manipulate that object through the pointer.








14. *ptr = 48;  // Assign 48 to the object pointed to by ptr











14  *ptr …








*ptr = 48;  // Assign 48 to the object pointed to by ptr








     num = 48;  // Assign 48 to "num"
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Using the pointer, the value of num is 48


Using the pointer, the value of num is 48


This is the value in ptr: 0x0065fe00





for(int n = 0; n < 10; n++)


   {


          *ptr = n;


           ptr++;


   }











for(int n = 0; n < 10; n++)


   {


          *(num + n) = n;


   }











(num + n)
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