Lecture 7

Pointers (cont'd)

We have already established that it is possible to control primitive objects (int, float, char etc.) using pointers. We merely assign the pointer the address of the object in question and we are subsequently able to control the object through the pointer. The following bit of code should be completely understandable by now.


In the above snippet, we indirectly assign a value to an int object using a pointer. 

We can also control user-defined objects using pointers. Let's start with structs. Observe the following program:


The first 10 lines are fairly straightforward. We create a struct specification for a new type of Object called a Student  object. Lines 13 to 15 are a little more interesting. 


In line 13, we create an Object of type Student named "s1".  Because s1 is an object of type student, we know that it contains the following data-members:

1. A char array of length 20 called "name."

2. A float object called gpa.

We know this because that is what we specified in the struct specification.

In line 14, we create an object of type "pointer to float". Just as the presence of the struct specification gives us the ability to create objects of type Student, so too does it give us the ability to create an object of type "pointer to Student." We are able to create objects that can hold the address of Student objects. "Student pointers" in other words. In general, we are given this ability for all user defined types.

In line 15, we assign the address of the Student object, s1 to the Student pointer sPtr. Now that sPtr has the address of s1, it is said to "point to" or "reference" s1. We can now manipulate the s1 object through sPtr. Line 18 shows an example of this manipulation.


Let's look at the expression:


We de-reference the pointer using the indirection operator ( * ), taking us to the object it references (s1). Then we use the access operator to access the "name" data-member of that object.

The parentheses around the pointer and de-reference operator are necessary because the dot or access operator has a higher precedence that the de-reference operator. Without the parentheses, the system would try to use the access operator on the pointer before it de-referenced it generating a compiler error. 

In line 21, we use the same method to access the "gpa" data-member of the s1 object.


In line 24, we see something strange:


 The expression:


This expression uses the arrow operator (the hyphen and the > sign). This operator also de-references the pointer. Literally, the arrow operator could be read as:


So, the expression 


could be read as:


Why don't you practice reading that off a couple of times? It is about to become very important to your life as a programmer.

That expression, 

  

has EXACTLY the same effect as:

   

The use of the arrow operator is far more common. Where it comes into its own is in its' use with classes.

We create a class specification thusly:


Not very sophisticated a class but it will suffice.

Using this specification, we can write a main() function that looks like this:


In line 3, we create a Student object named "stud" and in line 4, we create an object named "sp" of type "pointer to Student". No mysteries up to this point.

In line 5, we give "sp" the address of the Student object "stud". "sp" now points to or references "stud". Again, there are no mysteries here.

Line 6, however, looks interesting:


This uses the arrow operator ( -> ) along with one of the Student functions read(). Using the formula we learned earlier, we read this statement as:


In other words, we ask the object that "sp" references to execute its' read() function. 

What object does "sp" reference? 

            Check line 5. "sp" references the Student object "stud".

Does the object "stud" have a read() function? 

 Of course it does. "stud" is an object of class Student. We have written the Student class to contain a read() function, therefore every Student object created (including "stud") has a  read() function.

So why do I really need Pointers? So far as I see I can live without them.

The programs we have attempted so far could all be done without the use of pointers. However, we are approaching a time where we will create data-structures that CANNOT be attempted without the use of pointers. In order to facilitate these new data structures and some new program algorithms that we are going to attempt, we need to become acquainted with a facet of programming near and dear to the hearts of all true programming geeks. I refer, of course, to Dynamic Memory Allocation.

What the hey is Dynamic Memory Allocation?

Thus far, when we wrote a program, we created all the objects we needed in the program when we wrote the program. If we needed an array to hold some values, we did a "best guess" as to the size of the array needed. If we guessed short, we were out of luck. 

This creation of objects upon the start of the program can be described as Static Memory Allocation although I am not in love with that term. The use of the word static implies something a little different in C++ but that's a story for another day. For today, we will describe the way that we have been creating objects as Static Memory Allocation.

Another way of creating objects is to create them during the execution of the program. In other words, when we write the program, we create no objects. However, during the execution of the program, whenever, due to some program action, an object becomes necessary, we create that object. 

How do you do that?

This creation is done by means of a new keyword called new. 

Observe this snippet of code:


In line 11 we create an object named "ptr" of type "pointer to int".

In line 13 we do something strange:


This line, read "ptr is assigned the address of a new int", does just that. Actually, two operations take place here:

 1. 

This expression creates a new object of type int. The key word new causes the system to create a new object of the type that it precedes. Here, since the expression is new int,  a new object of type int is generated. 

Note that this newly created object has no name. Nowhere in this statement is there a provision for a name for the newly generated object. Not to worry, though, it may not have a name but it surely has an address.

2.  

  The address of the new int object is passed to the left to be assigned to whatever object is there waiting to collect it. In this case, the waiting object is "ptr". "ptr" is assigned the address of the new object. "ptr" now references this object and we can manipulate the new object through "ptr". 

Are all Dynamically Created Objects created without names?

Well, no. We can create an object dynamically and assign it a name. Observe the following:

   

This nasty looking bit of code creates a new int object and assigns it an alias "n". "n" is NOT a pointer to the object, it is a NAME of the object. Interesting stuff, but in real life, rarely used. 

In general, in Dynamic Memory Allocation, we use pointers to control the new objects. Only in very rare instances do we Dynamically create an object with a name.

Tell me more about "new".

Well this is only supposed to cover the highlights but here goes. Remember when we first created arrays we learned that the value in the index operator ( [ ] ) was supposed to be only a integer constant, i.e a number or a const int  object? 

This restriction forbade us from using a variable to set the size of an array. For instance we wanted to do this:


Had we been able to do this, we could have tailored the size of the array to the need at the time the program ran. If there were five students, we would create an array of size five. If there were five hundred students, we would create an array of size five hundred.

Well, now we can do this. Observe this bit of code:


Line 9 uses the variable "num" to create a Student array of size "num". As you can see, to create an array, we merely place a number in an index operator after the class-name, "Student" in this case. The number represents the size of the array and as we said earlier it can be held in a variable.

The pointer "ptr" on the right hand side of the statement will be assigned the address of the first element of the array. 

We must be very careful with "ptr". Since there is no array name, there is no system-generated pointer that holds the address of the first array element. No pointer constant is generated. "ptr" represents our only handle on the array and "ptr" is a pointer variable. If we write code that causes the value of "ptr" to change, we would have effectively lost the array unless we had previously stored the address of the first element elsewhere.

Anything else?

Yes. There is one very important thing. Dynamically Created Objects are persistent. What does that mean? Well cast your mind back to when you learned the "life time of objects." Remember that you learned that the lifetime of an object created in a function is the life0time of that function. Well not with persistent objects. 

The lifetime of a persistent object lasts from the moment of its creation to the moment of its EXPLICIT destruction. We stress the word explicit here because the programmer must explicitly destroy the object. Not destroying objects at the end of their usefulness creates a phenomenon called memory leaks which we are not going to broach just yet.

So how do I destroy an object?

Simple, there is a keyword called delete  in the C++ lexicon.You use it thusly:

delete pointername;

Here, you must remember that you are destroying not the pointer, but the object the pointer references.

So to create and destroy an object I could write:


To create and destroy an array, I would need a slightly different syntax:


Observe the rather strange use of the index operator ( [ ] ). This tells the system that it is an array we are deleting rather than a single object.

What's next?

Next we start the exciting study of classes. A study that, in one form or the other, will continue for the rest of the semester.

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











 1. # include <iostream>


 2. using namespace std;


 3. 


 4. struct Student


 5. {


 6.  char name[20];


 7.  float gpa;


 8. };


 9.


10.


11. void main()


12.  {


13.    Student s1;            // Create a Student object named s1


14.   Student* sPtr;         // Create a "pointer to Student" called sPtr


15.   sPtr = &s1;            // Give sPtr the address of s1


16.


17.   cout << "\nEnter a name: ";


18.   cin >> (*sPtr).name;         // Indirectly assign the name data-member of


19.                                // the s1 object


20.   cout << "\nEnter a GPA: ";


21.   cin >> (*sPtr).gpa;          // Indirectly assign the GPA data-member of


22.                                // the s1 object


23.


24.   cout << "\nThe name is: " << sPtr->name;  // Use the "arrow operator" to


25.                                            // access the name data-member of s1


26.   cout << "\nThe GPA is: " << sPtr->gpa;  // Use the "arrow operator" to


27.                                           // access the name data-member of s1


28.   return;


29. }





13.    Student s1;            // Create a Student object named s1


14.   Student* sPtr;         // Create a "pointer to Student" called sPtr


15.   sPtr = &s1;            // Give sPtr the address of s1








18.   cin >> (*sPtr).name;    // Indirectly assign the name data-member of


19.                           // the s1 object








(*sPtr).name





21.   cin >> (*sPtr).gpa;          // Indirectly assign the GPA data-member of


22.                                // the s1 object








24.   cout << "\nThe name is: " << sPtr->name;  // Use the "arrow operator" to                                           25.                                       // access the name data-member of s1


26.








sPtr->name





"The object it points to"





sPtr->name





sPtr, the object it points to, the "name" part of that object





sPtr->name





(*sPtr).name





class Student


 {


   char name[20];


   float gpa;


 public:


   void read() 


   {


     cout << '\nEnter name: "; cin >> name;


     cout << "\nEnter GPA: "; cin >> gpa;


  }


 void display()


 {


   cout << name << "  " << gpa;


 }


};











 1. void main()


 2. {


 3.   Student stud;


 Student* sp;


 sp = &stud;


 sp->read();


 sp->display();


 return;


}





  





sp->read();








sp, the object it points to, execute its' read() function





int* ptr;


 


 ptr = new int;


 


 *ptr = 675;





ptr = new int;








new int;





ptr = new int;








int& n = *(new int);





int num;


cout << "\nHow many students are there? ";


cin >> num;





Student stud[num];   // WILL NOT WORK!!











4.  int * ptr;


5.  int num;


6.  cout << "\nHow many students are there? ";


7.  cin >> num;


8. 


9. ptr = new Student[num]; // WILL WORK





int * ptr = new int;  // create a new int object referenced by ptr





delete ptr;           // destroy the object referenced by ptr      





int * ptr = new int[10]; // Create an int array of size 10


                         // referenced by ptr





delete[ ]  ptr;  // destroy the array referenced by ptr








