Lecture 11

So far, we have been working with a class called Student to illustrate the various types of data-members and member functions you can expect to find in a typical class declaration. Today, we talk about static members of class.

What is static?

The word static  is a keyword in C++ referring to the life-time of an object. Cast your mind back to your introductory course when you discussed storage classes. There you discussed a creature called a static local variable. This type of object had the property that even though it was defined in a function, its' life time was not the life-time of the function as is the case with other local variables, its' lifetime was the lifetime of the program. Observe the following program:


In the function func(), we create two variables:

   n is a ordinary or automatic local variable

  total is a static local variable

We increment both objects and display their values. In main we call the function func() five (5) times and we get the following results:


We see that the value of the automatic variable n reverts back to zero each time the function is called then is incremented to 1. The static variable total, however keeps its value between function calls. This is because total is not created and destroyed with each function call. It comes into existence at the beginning of the program and remains in existence for the entire run of the program.

So what does that have to do with static members of classes?

There are two types of static class members:

· static data-members

· static member functions

static data members come into existence at the beginning of the program and last until the end of the program's run. Indeed, they come into existence before any objects of the class have been created. A static data-member is referred to as a class  data-member to distinguish it from the other data-members that are referred to as instance data members.

A class or static data member has this very important property. 


In other words if our class Student had a static data-member and we created one (1) Student object, we would have one each of every instance data-member and one example of the static data-member. If we created one million Student objects, we would have one million examples of each instance variable and only ONE example of the static data-member. If we created NO student objects, we would STILL HAVE ONE static data-member since the static object comes into existence before any objects of that class were created.

In effect there is only one example of the static member in existence and all the objects or instances of the class share  that one object. Let us place a static member in our class. We will use as our example an int object named studCount that will keep track of how many objects or instances of class Student there are in existence. We thus have:


We now have two instance data-members:

· name

· gpa

And one class data-member

· studCount

By the way, you said studCount will count Student objects. How do we do that?

We want to increment the value of studCount every time an object is created so we have to find a place where code will execute every time an object of that class is created. One such place immediately suggests itself, the constructor().

In the constructor we place a piece of code that will increment the data-member. Our constructor now looks like:


Every time that function executes, empCount will be incremented. We must be careful to place  this line in ALL our constructors. Should we omit this code in a constructor, the value in empCount will not reflect objects created using that constructor.

Since empCount is incremented when an object is created, it stands to reason that it should be decremented when an object is destroyed. To do this, we would place appropriate code in the destructor() function. This function would now look like:


Remember, there is only one (1) empCount. ALL objects of the class Student have access to that single value. When any object increments empCount, that single value is incremented. When an object decrements empCount, that single value is decremented.

So what is a static member function?

Static member functions are used to access or modify static data members. Strictly speaking, we do not need static functions to do that. Ordinary functions can perform these duties quite handily, but declaring a function static has some benefits. Observe the following declaration which will be inserted in the Student class declaration:


Here we have declaration of a function named getStudCount() which we have designated static. This function will return the value of empCount. Its' definition is quite straight forward:


Observe that we DO NOT use the word static in the definition.  This function could be used thusly in main()


It can also be used thusly:


Since the static function does not really belong to any one object or instance of a class but to the class as a whole, we have the option of directing the function not only to an object such as s1 in the prior example, but also to the class itself as in the example above. Declaring the function static gives us this flexibility.

Observe than when we address the class, we use the scope resolution operator( :: ) instead of the dot operator. 

Either of these usages would work, but the usage with the class name is regarded as more "correct." It is stylistically inappropriate to address a question to an object of the class that concerns the class as a whole.

There is a very important restriction attendant upon declaring a function to be static. Suppose I wanted to do the following in the definition of the function. 


Its' a pretty silly thing to do I admit, but just suppose for a second that I wanted to do it. This would not compile. gpa is an instance data-member and getStudCount() is a class function. Class functions CANNOT modify or access instance data members. The reason for this should be obvious. If this were allowed to compile and later on we used the function thusly:


Which object's hours variable would be updated? All of them? For this reason, static functions are not allowed to access instance data-members. Instance functions however CAN access and modify class data members.

A word on the three file system.

Previously, our programs have been written in one file. This is going to change. We are going to implement a system called the three file system. This system has three types of files:

· header or .h files containing class declarations

· source files containing the definitions of member functions

· a file containing a main function.

In MS Visual C++, we start a project as usual. Then we open a new file. This file type will be "C++ Header file". Name it and the system will give it the .h extension automatically. In this file we type the class Declaration.

When this file is finished and saved, we start another file. This time the type will be "C++ Source file". In this file we will have the member function definitions.

The third file, another C++ source file will contain the main() function. When finished, a file view of the Student project looks like this:
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You will observe that the system has neatly divided the files into source files and header files. Your projects should resemble this. For your convenience, I have placed the three files for the Student project on my website.  Do a copy and paste and create a Student project following the instructions above.

Another thing…

When writing a header file, you should start with these two lines:

# ifndef STUDENT_H

# define STUDENT_H

and end with this line

# endif

Let's talk about this for a bit. In a large program, a header file may be included in several source files. When the system tries to link these files, there may be conflict between the several versions of the header file. In other words, we only want one version of each header file in our final linked executable. These two lines ensure this.

In the top line, ifndef is pronounced "if not defined." The first time the linker sees the top line it says to itself STUDENT_H has not been defined as yet. This is first time I am seeing this tag. Therefore it goes to the second line which commands it to define STUDENT_H. It defines it as everting from that line to the line that reads:

   # endif

Every subsequent time the linker sees the line 

   # ifndef STUDENT_H

it says, "This has already been defined. I will ignore this file. This means that at the end of the linkage process, only one version of the file will be included.

What's next?

We enter the wide and wonderful world of operator overloading.







# include <iostream>





using namespace std;





void func()


 {


   int n = 0;  // create automatic local variable


   static int total = 0;  // create static local


                          // varaiable


 


   n++;         // increment auto local variable


   total++;     //  increment static local variable





   cout << "\nThe value of n is: " << n;


   cout << "\nThe value of total is: " << total;


   return;


 }


  





 void main()


  {


     for(int n = 0; n < 5; n++)


        func();





	 cout << endl;


	 return;


 }

















The value of n is: 1


The value of total is: 1


The value of n is: 1


The value of total is: 2


The value of n is: 1


The value of total is: 3


The value of n is: 1


The value of total is: 4


The value of n is: 1


The value of total is: 5


Press any key to continue





NO MATTER HOW MANY OBJECTS OF THAT CLASS ARE CREATED ONLY ONE EXAMPLE OF EACH CLASS OR STATIC VARIABLE IS CREATED.








class Student


{


	char name[20];   // instance data-member


	float gpa;       // instance data-member 


	static int studCount;  // class data-member


public:


     :


     : 





Student::Student()


	{


        strcpy(name, " New Student");


		  gpa = 0.0;


		  studCount++;


	}





Student::~Student()


	{


       studCount--;


	}





static int getStudCount();





int Student::getStudCount()


	{


		return studCount;


	}











Student s1;


cout << "\nThe number of objects is " 


     << s1.getEmpCount();








cout << "\nThe number of objects is " 


     << Student::1.getEmpCount();





int Student::getStudCount()


	{


        gpa = 0;  


		return studCount;


	}











cout << "\nThe number of objects is " 


     << Student::1.getEmpCount();








