Lecture 9

Note: There are four functions that are deemed so important that if the programmer does not include them in their class specification, the compiler will supply a version of them. These are:

1. The default or no parameter constructor

2. The copy constructor

3. The destructor

4. The assignment operator

What is a constructor?

Definition: A constructor is a function that executes whenever an object of that class is created.

Take our Student class for example. Whenever we create an object of type Student, the constructor of the Student class executes.

Wait! There is no constructor in the Student class!

Au contraire. There is a constructor in the Student class. Every class MUST have a constructor. This function is deemed to be so important that if the programmer does not write one himself, the compiler will supply one. This compiler-supplied constructor will not show up on the program listing but it is there nonetheless. 

So how do I actually write a constructor?

The constructor in a class specification is immediately recognizable by two characteristics:

1. It has the same name as the class

2. It has no return type. Not a void return type but no return type.

The declaration for a constructor for the Student class would be:


Note the lack of a return type. 

Constructors can be overloaded. This means that there can be several constructors in a class specification as long as they have different parameter lists or function signatures to use the two-dollar phrase.

Therefore in the Student class, we could have the following:


And as many others as need and inventiveness would dictate. 

Ok. What good will they do me?

These different constructors give us different ways of creating objects. Suppose that our class specification now looked like this:


Note that the specification now contains three constructors. In main(), we could use them thusly:


Like any other function, the constructors must be defined. We do so thusly:


The headers of these definitions look funny don't they? First there is no return type and the class name and the function names are the same. Well, that’s constructors for you.

In the definition of the "no parameter constructor", we copy the string " No name as yet" into the name data-member and the value zero into the gpa data-member. Therefore, a Student object created using this constructor would have " No name as yet" in its' name member and 0.0 in its' gpa member.

In our earlier example, we created an object thus:


If we were to expand this code thusly:


That is, send a message to the s1 object to display itself, we should see on the screen:


The body of the one parameter constructor provides that the parameter "n" be copied into the name data-member of the object and 0.0 into the gpa member. In our earlier example we wrote the statement:


This will utilize the One-parameter constructor.

Wait a minute. How will the machine know to use that particular constructor?

The machine will examine the argument list and find one parameter, a string containing the characters "Harry". It will then look in the list of parameters for the Student class for a constructor that takes a string argument. It will find the constructor:


This takes a char array argument. Not precisely a string, but a string can be easily converted into a char array. Therefore the machine will use this constructor.         

When we created the s1 object thusly:


We create the object s1 with no arguments. Note that there is no argument list attached. The machine would look for a constructor that takes no arguments and use that one. Therefore the machine would use the no-parameter constructor.

If we send the display() message to the s2 object, we would get:

 

The s3 object uses the two parameter constructor. See if you can figure out why a display message to the s3 object would yield:


If we were to write the following statement:


It would generate a compiler error since we have not defined any constructor that takes a single numerical parameter.

Can I get around having to write all these constructors?

Suppose you were to write a constructor with default arguments. This constructor could be used in a multitude of ways. Let us suppose a class of the following form:


Note that the constructor has three default arguments. Let us suppose that it is defined thusly:


We can create Time objects using the following statements:


The Time object t1 would have 0 in all its data-members. Since no arguments were used in its' construction, its' member variables would be assigned the default values.

The t2 object would have 1998 in its' year variable and 0 in its other member variables. Since only one argument was used in its creation (1998), that value would be accepted by the first parameter (y)  and assigned to the year variable. The other members would be assigned zero.

The t3 object uses two arguments ( 1998, 12) in its creation. These would be accepted by the first and second parameters and assigned to the year and month respectively. 0 would be in the day parameter. Can you divine the fate of the t4 object?

I've heard of conversion constructors. What are they?

A conversion constructor is a constructor that allows you to create an object by converting the values of another type of object. Any constructor that can take one argument is technically a conversion constructor. In the Student class, we have the one parameter constructor:


This allows us to create a Student object on the basis of another type of object, a char array. The system can make use of this in unexpected and useful ways. This allows us to successfully execute the following bit of code:


Ordinarily this would seem to make no sense. s1 is a student object and we are trying to assign the string "Mary Jane" to it. Unlike types cannot be assigned to each other can they? Well, yes they can, but ONLY if there is an appropriate copy constructor in the class specification. 

Here's what will happen. The machine will see this and say in its' little digital mind:

 "I can't do this. I cannot assign unlike types. But wait. Is there a way of changing the argument to this assignment function, the right-hand side of the statement, "Mary Jane" in other words, into a Student object? Yes, there is!! The brilliant programmer has provided a constructor that can take a string argument:

         Student(char n[]);

I will use this to create a very temporary object (with no name) based on the string "Mary Jane." I will then assign this temporary object to s1 copying all its' values into s1's member variables overwriting the previous values. Then I will destroy the temporary object." 

And it does just that. Can you work out what values will be displayed if we were to send the display() message to the s1 object now?

Are there any other types of constructors?

There is a very important constructor called the copy constructor. It is one of those functions that the compiler will supply if you do not create it. Consider this question. When you pass an object by value, a copy of the object is created. You do remember this don't you? Please nod yes. Well, if an object is created, a constructor MUST have executed. After all, whenever an object of any class is created, a constructor executes. The question is, which constructor?

The answer is the "copy constructor". The copy constructor is a constructor responsible for making a duplicate of an existing object. The form of its declaration is as follows:


Therefore, the copy constructor for our Student class would be:


Funny looking thing ain't it. Lets discuss it. Well it is a constructor, therefore it has no return type and its' name is the same name as the class. That much is straight forward, but what's up with that parameter list? The parameter to this function is another Student object passed by reference? Why?

Well let us consider the sequence of events. When a copy of an object is called for, the system quickly cobbles together a Student object with garbage values in its members. It passes a pre-existing object to this new object's copy constructor saying in effect, "hey, make your object a duplicate of this object." The copy constructor takes the argument object, the pre-existing object and copies the object's values into its' own object's members. Therefore the argument to a copy constructor must be another object of the same type. We use the copy constructor thusly:


Here, we create a Student object s1 with the values "harry" and "3.7" in its' data-members. Then we create a new object, s2 as a copy of s1. Note that the two statements:


Have the exactly the same effect. As far as the machine is concerned, they are identical. In this case, the use of the = sign is not a call to the assignment operator but a call to the copy constructor.

The system will create s2 with garbage values then it will pass s1 into s2's copy constructor in order for s2 to copy its' values.

If s1 were to be passed by value, a copy of s1 would have to be made. Right?  Nod your head yes. But this is the copy constructor we are passing it to, therefore in this case the copy constructor would have to call itself to make a copy to pass into itself. This is, as you can see, a logical contradiction, a particularly nasty form of recursion. The machine would react badly to it. For this reason, we must pass the argument to the copy constructor by reference.

In this function call, we have no intention of changing the s1 object. However since the argument will be passed by reference, the function HAS the ability to change the argument. To ensure that the programmer does NOT do something in the function to change the argument (s1) we pass the parameter as a const object. This means that the parameter cannot be changed in the function. It balances out the reference operator. The reference operator says that the argument can be changed, the const promises that it won't be changed.

Why would I want to write my own?

Sometimes, when you create an object as a copy of another, there may be some member-variables you do not want to copy. In that case you would write a copy constructor that copies only those members that interest you. Suppose in a bank, for security reasons, when you copy an Account object, you do not want to copy the social security number. The compiler supplied copy constructor would copy this member so we would write our own. A VERY abbreviated example of this would be:


Let's talk about this for a while. This bit of code illustrates several important elements that we will be living with for the rest of the semester. 

Note that we have named the Account parameter rhs. This stands for right-hand-side. It has no significance to the machine but it does serve to remind us of something very important.

Remember that another student object is the argument to the function. When we write


arg is the argument to the copy constructor function. It is the object on the right hand side. In C++, the concept of right and left take on critical importance. The object on the left (boss ) is the "controlling object" of the statement. The function under use belongs to this object. The object on the right (arg) is the argument to the function. 

The parameter is passed by reference, therefore when the function call is executed, the parameter name (rhs) becomes an alias for the argument (arg). 

Both boss and arg are Account objects. Therefore, they both have the same data-members ( fName. lName, ssn, etc. )  Since the function belongs to boss, if in the function we refer to just lName with no qualification, we mean the lName belonging to the controlling object  (boss in this instance). If we want to refer to the data-members of the parameter object, we must qualify them by preceding them with the parameter name, rhs in this instance.

Therefore the statement:


Means:

    Copy the fName data-member of the parameter rhs (arg in this case) into the fName parameter of the controlling object (boss in this case).

The statement:

 

Means:

   The balance data-member of the controlling object (boss) is assigned the value of the balance data-member of the parameter object rhs (arg in this case).

This concept of right and left and controlling object versus parameter object is EXTREMELY important.

Note the statement:

    strcpy(ssn, "000-00-0000");

This ensures that the ssn data-member of the new object is not a copy of the pre-existing object. This is what we were aiming for. We could have left out that statement if we so desired but then the ssn member would have a garbage value.

What's next?

Next we enter the wonderful world of class destructors.

             Student(void);








Student(void); // No parameter or default constructor


Student(char n[]); // Constructor taking char array


Student(char n[], float g); // Two parameter





class Student


 {


   char name[20];


   float gpa;


  public:


    Student( void); // No parameter or default constructor


    Student(char n[]); // Constructor taking char array


    Student(char n[], float g); // Two parameter constructor  


    void read();


    void display();


 };    





     void Student::read()


     {


       cout << "\nEnter name: ";


       cin >> name;





       cout << "\nEnter gpa: ";


       cin >> gpa;


     }    


  


     void Student::display()


      {


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


      } 











1. Student s1;   // Use no parameter constructor


Student s2("Harry"); // Use one parameter Constructor


Student s3("Jim", 3.5);  // Use two parameter constructor








Student::Student( )  // definition of no parameter


 {                   //  constructor


     strcpy(name, "No name as yet");


    gpa = 0;


 }





Student::Student(char n[])


 {


    strcpy(name, n);


   gpa = 0;


 }





Student::Student(char n[], float g)


 {


    strcpy(name, n);


   gpa = g;


 }














Student s1;   





Student s1;   


s1.display();








No name as yet  0.0








Student s2("Harry");





  Student(char n[]); // Constructor taking char array








Student s1;








Harry  0.0








Jim  3.5








class Time


 {


    int year;


    int month;


    int day;


  public:


       Time( int y = 0, int mth = 0, int d = 0);


          :


          :


          :





 Time::Time(int y = 0, int mth = 0, int d = 0)


   {


      year = y;


      month = mth;


      day = d;


   }











 Time t1;


 Time t2(1998);


 Time t3(1998, 12);


 Time t4(1998, 12, 13);








   class-name(const class-name &);








 Student(const Student& )





Student s1("harry", 3.7);





Student s2(s1);


   or


Student s2 = s1;





 Student s2(s1)


  and 


 Student s2 = s1;





Student(char n[]);








Student s1;





s1 = "Mary jane";





  Student s5(3.5);





class Account


 {


    char fName[20];


    char lName[20];


    char address[30];   


    char ssn[12];


    double balance;


  public:


        :


        :


     Account( const Account& rhs )


        {


            strcpy(fName , rhs.fName);


            strcpy(lName, rhs.lName);


            strcpy(address, rhs.address);


            strcpy(ssn, "000-00-0000");


            balance = rhs.balance;


        }


        :


        :


        :


 


     


   








Account arg;





Account  boss = arg;   





 or


 


Account boss(arg);





strcpy(fName , rhs.fName);











    balance = rhs.balance;
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