Lesson 08: Overloaded Operators. Indexers, Delegates, Anonymous Methods.
Overloaded Operator
We have seen that we can very easily put 2 objects equal to each other

eg 

p1 = p2. 

but we can’t as yet add 2 objects.

With operator overloading we can - so we could have



p3 = p1 + p2
We will now see that we are able to give the plus sign a new meaning - when applied to objects ie we overload the + operator.

We now wish to give significance to adding p1 and p2. In this case we wish

p3 = p1 + p2 to signal that we wish to add the individual respective data elements. 

We need to give a new meaning to the + operator which we do as follows:

using System;

class app

{
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    class Part

    {

        int i;

        string s;
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        public void initialize(int d)

        {
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            i = d;

        }

        public int access()
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        {
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        public static Part operator +(Part p1,Part p2)
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            Part p3 = new Part();

            p3.i = p1.i + p2.i;

            return p3;         
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        }  
    }

    static void Main()

    {

        Part p1 = new Part();

        Part p2 = new Part();

        Part p3 = new Part();

        p1.initialize(1);
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        p2.initialize(2);

        p3 = p1 + p2;

        Console.WriteLine(p3.access());

        Console.ReadLine();

    }

}
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Change: 
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        p3 = p1 + p2;

        Console.WriteLine(p3.access());
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to:

        p1 = p1 + p2;
(3 = 1 + 2 )
        Console.WriteLine(p1.access());

Overloading the += 
This is done implicitly if we have already overloaded the +.
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This is the same as 

p1 += p2 ;
Try it. The result is still  of course.
The compiler changes p1 += p2 ; to  p1 = p1 + p2; so there is no need to provide [image: image17.wmf]ú
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separate overloading for  the += operator  (as there is in C++).

This + operator is an example of a binary operator (two argument are passed.).

We will now see a unary operator where only one argument is passed.
        public static Part operator ++(Part p)

[image: image18.png]


        {

            p.i = p.i + 1;

            return p;

        }

    }

    static void Main()

    {

        Part p1 = new Part();

        p1.initialize(1);

[image: image19.png]


        p1 = ++p1;

        Console.WriteLine(p1.access());

        Console.ReadLine();

    }

}
Change the prefix operator to a postfix ie p1 = p1++; . The result is the same. Once again the compiler takes care of the difference so there is no need to provide separate prefix and postfix operators (c.f. C++).










Shildt page 254

Passing Different Types To The Overloaded Operator.

So far we have passed two objects of the same type (of the same class of course).

What if we wish to pass our object along with an integer?
        public static Part operator +(Part p1, Part p2)

        {

            Part p3 = new Part();

            p3.i = p1.i + p2.i;

            return p3;

        }
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        public static Part operator +(Part p1, int _i)

        {

            Part p3 = new Part();

            p3.i = p1.i + _i;

            return p3;

        }

        public static Part operator +(int _i , Part p2)

        {

            Part p3 = new Part();

            p3.i = _i + p2.i;

            return p3;

        }

    }

    static void Main()

    {

        Part p1 = new Part();

        Part p2 = new Part();

        Part p3 = new Part();

        p1.initialize(1)    ;

        p2.initialize(2)    ;

        p1 = p1 + p2        ;

        p2 = p1 + 5         ;

        p3 = 7 + p2         ;


        Console.WriteLine(p1.access());

        Console.WriteLine(p2.access());

        Console.WriteLine(p3.access());

        Console.ReadLine();

    }

}

Overloading The Relational Operators 


Shildt page 259.

public static Part operator <(Part p1, Part p2 )

Similarly we can overload the <= operator.
If you overload one you must overload the other..

eg if you overload < you must overload the >. 
Similarly <= and >= .
· Try some of these as an exercise on our Part class.

Indexers





C# 21 days page 442
These allow us to index our objects – effectively allowing us to create an array of objects.

Whereas technically these are not overloads the effect is to overload the [] operator.








set receives the index 0 along with the value 1.







p1[0] = 1 gives a value of 1 to the object p1. 








Matrices

A matrix is a 2 dimensional array.


This matrix for example could represent the February purchases  in column 1 for customer A  and  in column 2 for customer B

Then we may wish to add this to the January purchases for example.


Exercise 1:

· Write a C# program to add together these two matrices(arrays).

· Make a class called matrix to hold a 2-D array  private double[,] m  ;


· Include a printout method in the class so that 

we can print out any desired matrix like so: m1.printout();
· Use a no argument constructor to initialize the array elements of m3 to 0. 
· Use a 4 argument constructor to initialize the arrays

 m1 and m2.

· Place the addition code in a + overloaded operator to add together two such matrix objects of this type so that we can write: 

m3 = m1 + m2


;

You will need to add the elements individually inside the o/operator function like so:

            matrix temp = new matrix();

            temp.m[0, 0] = mat1.m[0, 0] + mat2.m[0, 0];

Optional question: Make an overloaded operator  * to multiply  two matrices.

Boxing and Unboxing


page 371 C# 21 days
 Boxing is the conversion of a value type to a reference type. It can be implicit or implicit.

  Unboxing is the opposite. It must be explicit.


   using System;

   class app

   {

      static void Main()

      {

          int i = 1;


          object o = (object)i;

          int j = (int)o;

      }

   }
You may wish to follow this with the debugger.

is


page 373 C# 21 Days.
is used to test if an object is of a particular  type eg 

using System;

public class Part
{

}

class app
{

   static void Main()

   {

   Part p1 = new Part();

   Console.WriteLine(p1 is Part);

   Console.ReadLine();

   }

}

Reference Conversion

page 78 C# 4.0 in a Nutshell.
Recall how reference data is stored:

The reference stored at this memory address consists of two parts. 1. A token indicating what TYPE the reference refers to and 2. the ADDRESS of the object and its data.
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  //UPCAST

  using System;

  class app
  {

    class Assets
    {

    }

    class Stock : Assets
    {

    }

    static void Main()

    {

        Stock s = new Stock()  ;           

        Assets a = (Assets)s;        
        Console.ReadLine()  ;

    }

  }

//DOWNCAST
   static void Main()

    {

        Stock s = new Stock();              


        Assets a = (Assets)s;

        Stock ss = (Stock)a;

    }


But if we try :
    static void Main()

    {

       Assets a = new Assets();

       Stock s = (Stock)a;

    }

        The following exception is evoked:  (Even though it compiles OK!)       

We need

as is used to cast “safely”objects. Replace the above code with:
      Assets a = new Assets();

       Stock s = a as Stock;

In this case s will instead be made null instead of causing a runtime exception. Test this by 

    static void Main()

    {

       Assets a = new Assets();

       Stock s = a as Stock;

       Console.WriteLine(s==null);

       Console.ReadLine();

Delegates 


C# in 21 Days page 445 
So far we have used references to objects.

A delegate is a reference to a method.


A delegate is used when we wish to call a different function using the same name ie when the program is running we can delegate the same name to different functions.

In the following example, the names of the functions, add and sub are delegated to arith.



using System;

public class Program

{

    delegate int mydel (int x, int y);

//--------------------------------

    public static void Main()

    {

        mydel arith = new mydel (add);

        Console.WriteLine(arith(6, 2));

        arith = new mydel (sub);

        Console.WriteLine(arith(6, 2));

        Console.ReadLine();

    }

//--------------------------------

    static int add(int x, int y)

    {

        return x+y;

    }

//--------------------------------

    static int sub(int x, int y)

    {

        return x-y;

    }

//--------------------------------

}

Exercise. Place the add and sub in a function and pass the delegate mydel to the function. See page 176 PH.

To Automatically Successively Call a List of Methods  

using System;


public class Program

{

    delegate void mydel(int x, int y);

    //--------------------------------

    public static void Main()

    {

        mydel arith = new mydel (add);

        arith += new mydel (sub);

       

        arith(6, 2);

        Console.ReadLine();

    }

    //--------------------------------

    static void add(int x, int y)

    {

        Console.WriteLine(x+y);

    }

    //--------------------------------

    static void sub(int x, int y)

    {

        Console.WriteLine(x-y);

    }    

    //--------------------------------

}

Anonymous Methods

An Anonymous methods is a block of code that can be passed to a delegate constructor. The code for the method is included as a part of the delegate declaration instead of as a separate method. This provides the benefit of not having to declare a sepa​rate method for the delegate.
using System;
public class Program
{

    delegate int mydel(int x, int y);

    //--------------------------------
    public static void Main()

    {

    mydel arith;

    arith = delegate(int x, int y)

    {

         return x + y;

    };

    Console.WriteLine(arith(6, 2));

    arith = delegate(int x, int y)

    {

         return x - y;

    };

    Console.WriteLine(arith(6, 2));

    Console.ReadLine();

    }

}

Page 440 Shildt

Page 225 C# 2008.

(These are new to version C# 3.0 so unfortunately are only mentioned briefly in C# 21 Days page 715.)
using System;


public class Program

{

    public static void Main()

    {

        A a = new A();

        B b = new B();

        temp t = new temp();

        t.add += a.add;

        t.add += b.add;

        t.doIt();

        Console.ReadLine();

    }

}

class temp

{

 public delegate void mydel();

 public mydel add;

            public  void doIt()

            {

                    foreach (

                    mydel m in add.GetInvocationList())

                    {

                        m();

                    }

             }

}

class A

{

    public void add()
    {

        Console.WriteLine("A");

    }

}

class B

{

    public void add()
    {

        Console.WriteLine("B");

    }

}

The type of a delegate is the type of its signature.


 


We define the type of the delegate using the delegate keyword.





delegate int mydel (int x, int y);





mydel is now a reference to a method.


We could of course declare and assign our delegate separately.


mydel arith;


arith = new mydel (add);








s is upcast to an Assets type.





The body of the functions are now an argument of the delegate constructor. They have no name- anonymous.








Single-step. 





Functions in the different classes with the same name can be called successively using a delegate. Page 482 C# Essential.


























We are here adding another method to the multicast delegate invocation list.














The methods which are to be called by a multicast delegate can only ever return void. (Note that the WriteLines have been moved into the methods.)








Calls both methods.








If we wished to be able to choose between functions which took more (or different parameters eg float) or returned different types, then we would have to make another delegate.





In this case, our mydel can be used (only) for functions which take two int parameters and returns an int. ie they must have the same signature.





Page 171 PH.





We cannot have an implicit downcast eg





Stock ss = a; will fail.





(Compare this to downcasting a float to an int – it must be explicit.)





If we try to downcast s there is no problem because a is already a stock object (Although the reference to it was changed.)








Assets a = s ;		


is OK as well. ie the upcast - can be an IMPLICIT conversion as well as explicit.











The s object remains intact at the same location - unchanged - but the REFERENCE to it is changed.


Recall that the REFERENCE consists of the address and a TYPE TOKEN. It is the type token which is changed.


Since a is no longer a Stock TYPE then it can't call Stock's methods if there are any.











Finally - the object (data).





The memory address of the object.





Address of the object.





Token indicating the type eg Stock type (see below)





� EMBED Equation.3  ���





























� EMBED Equation.3  ���








� EMBED Equation.3  ���








� EMBED Equation.3  ���








Boxing:    Value -> Reference.


(Could be implicit:; object o = i)


Unboxing: Reference ->Value.

















An array must be used so that we can store the indexed values.











Revision: Recall how we can use a property:








No return is permissible.








 mydel is now known as a multicast delegate.





using System;





class Part


{


    	private int[] arr = new int[100];


       


    


	public int this[int nx]


    {


        get


        {


           return arr[nx];


        }


        set


        {


            arr[nx] = value;


        }


    }





}





class app


{


    static void Main()


    {


        Part p1 = new Part();





        p1[0] = 1;  





        System.Console.WriteLine(p1[0]);





        Console.ReadLine();


     }


}					�





using System;





class Part


{


        private int _i;


        





        public int i


        {


            get


            {


                return _i;


            }


            set


            {


             


                _i = value;


            }


        }


}


 


class app


{


    static void Main()


    {


        Part p1 = new Part();





        p1.i = 1;





        Console.WriteLine(p1.i);





        Console.ReadLine();


    }


}				�





See Shildt page 257 for a more practical example.





Add these two overloaded operators.





(We could have of course used a constructor here instead of initialize to initialize i. )





This code for this ++ operator could simply be added to the existing class.





The overloaded operator is a” type of function”. 


We have seen previously how functions are “conventionally” called using a statement like :�y = function(x).The overloaded operator function in our case, gets called when the + sign is encountered between two objects of type part. 


One of the features of C# is the many ways that it can automatically call a function.





Recall that value types are stored on the stack and reference type are stored on the heap with only  their reference address stored on the stack. 





To use an indexer, this must be used along with a get and set.





References : Page 466 C# 21 days is not to the point. 





Page 195 C# 2008.  is limited.





Page 246->  Shildt is best.  See overloading for an integer addition to an object page 254.





static is used since no object is implicitly passed (different from C++).





A  Part object is returned.
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