Lesson 07: Class Inheritance. 
Inheritance


ref PH pages 80-98 (also Ch 6 EssC# Ch6 C#2008 are OK)
Inheritance enables you to create new classes that reuse, extend, and modify the behavior that is defined in other classes
When a class is derived from a base class, the new derived class will have all of the characteristics of the base class and some of it’s own.

[image: image1.png]



using System;

public class app

{

  public  class Part
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        protected int i;

        public Part()

        {

            i = 1;

        }
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    }
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  public class Derived : Part

   {

   }

    static void Main()

    {

        Derived d1 = new Derived();

    }

}   

  Single-step and note how the base class default constructor is automatically called  ie d1’s i has been given the value of 1 when d1 is created. 
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Including a Derived Class Default Constructor


· Now also include a default constructor in the derived class as shown below. 

Watching with the single-step will show that when a derived object is created, both default constructors (ie in the derived class and the base class) are called.

using System;

public class app

{

  public  class Part

    {

        protected int i;
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        public Part()
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            i = 1;

        }

    }
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  public class Derived : Part
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   {

        private int j;

        public Derived()
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        {
            j = 2;
        }
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   }

    static void Main()

    {

        Derived d1 = new Derived();

    }

}
Using the debugger , you should find that d1 has both j = 2 and i = 1. 
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One-Parameter Constructors
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using System;

public class app

{

  public  class Part

    {

        protected int i;

        public Part()

        {

            i = 1;

        }

    }

  public class Derived : Part

   {

        private int j;

        public Derived()

        {

            j = 2;

        }

        public Derived(int _j)
        {
            j = _j;

        }
   }

static void Main()

    {

        Derived d1 = new Derived(3);

    }

}

· Also include a one-parameter constructor in the base class:


        public Part(int _i)
        {
            i = _i;

        }


To Call the Base Class 1-Parameter Constructor from the 
1-Parameter Derived Class Constructor

using System;

public class app

{

  public  class Part

    {

        private int i;

        public Part()

        {

            i = 1;

        }

        public Part(int _i)

        {

            i = _i;

        }

    }


  public class Derived : Part

   {

        private int j;

        public Derived()

        {

            j = 2;

        }

        public Derived(int _j): base(4)
        {

            j = _j;

        }

   }

    static void Main()

    {

        //Part p1 = new Part(4)       ;

        Derived d1 = new Derived(3) ;

    }

}
So the net effect is that j is set to 3 and i is set to 4.


Calling Methods using Derived Objects

· Include two member functions as shown below.  They have the same name. These functions do very little – in fact nothing at all.


using System;

public class app

{

  public  class Part

    {

        public void push()
        {
            Console.WriteLine("base"); 

        }
    }

  public class Derived : Part

   {

        public new void push()
        {
            Console.WriteLine("derived"); 

        }
   }

    static void Main()

    {

        Derived d1 = new Derived() ;

        d1.push()                  ;
        Console.ReadLine()
     ;

    }

}


· If we now change this to
        Part p1 = new Part()         ;

        p1.push()                    ;
then the base class push function is called instead.
ie which function gets called depends on the Declared  type.
Here d1 is a Derived type and so it its methods is called.

Here p1 is a Part type and so it its methods is called.

· To explicitly call the base class function as well, call it from the derived classes method thus:

  
public new void push()

        {

            base.push()                 ;
            Console.WriteLine("derived"); 

        }

      Along with:

        Derived d1 = new Derived();

        d1.push();




So far we have seen that the method which gets called depends on the Declared type.

Virtual and Override

In most cases, you will want the assigned class type's methods to be used. This is done using virtual methods in C#. A virtual method enables you to call the method associated with the actual assigned type rather than the base class type.

A method is declared as virtual within the base class. Using the virtual keyword in the method's definition does this. If such a method is overloaded the actual class type of the data will be used at runtime instead of the data type of the declared variable. This means that a base class can be used to point at multiple derived classes, and the appropriate method will be used even though the object worksheet declared to be of base type. 

A deriving class must indicate when a virtual method is overridden. This is done using the override keyword when declaring the new method.




       or on one line:




using System;

public class app
    
{




  public class Part

    {

        public virtual void push()

        {

            Console.WriteLine("base"); 

        }

    }

  public class Derived : Part

   {

        public override void push()

        {

            Console.WriteLine("derived"); 

        }

   }

    static void Main()

    {

        Part p1 = new Part()         ;

        p1.push()                    ;

        Derived d1 = new Derived()
 ;

        d1.push();

        Console.ReadLine();

    }

}
· Change :

  Derived d1 = new Derived()
 ;

        d1.push();

to :

        Part d1 = new Derived();

        d1.push();
It makes no difference. The assigned type is still Derived().
Using virtual and override the member called depends only on the assigned type, not the declared type.

Leave this code intact.
· Remove virtual and replace override with new.

Once again the member called depends only on the declared type type
· Exercise: This effect is more apparent if we have more than one class which is derived from the base class. Make another derived class and show that the member called depends upon the assigned object. P 362 C# in 21 days.
Subtle differences exist between using these two methods. See PH pages 90-95 or page 281 C# 2008

Property Accessors In Inheritance
These of course are also inherited.
using System;

public class app

{

    public class Part

    {

        public int i

        { get; set; }

    }

  public class Derived : Part

    {

    }

   static void Main()

   {

       Derived d1 = new Derived();

       d1.i = 1;

       Console.WriteLine(d1.i)  ;

       Console.ReadLine()       ;

   }

}
Since these are really methods, they will behave as for the other methods that we have seen and could be overridden.
Multiple Inheritance

ie inheritance of one class from more 

than one class has been disallowed in C#.


Levels of Inheritance

Classes can derive from derived classes.

Lower is derived from Derived which is derived from Base.

using System;

public class app

{

    public class Part

    {

        private int i;

        public Part()

        {

            i = 1;

        }

    }

  public class Derived : Part

    {

    private int j;

        public Derived()

        {

        j = 2;

        }

    }

  public class Lower : Derived

    {

   private int k;

        public Lower()

        {

        k = 3;

        }

    }

   static void Main()

   {

       Lower L1= new Lower();
   }

}
Abstract Classes  


page 186 C#2008 page 284 ESS C#

using System;

public class app

 

{





 abstract public class Part
    {

        public virtual void push()

        {

            Console.WriteLine("base"); 

        }

    }

  public class Derived : Part
   {

        public override void push()

        {

            Console.WriteLine("derived"); 

        }

   }

    static void Main()

    {

        Part p1 = new Part()         ;

        p1.push()                    ;

        Derived d1 = new Derived()
 ;

        d1.push();

        Console.ReadLine();

    }

}



 
  abstract public void push();

We should now have:
using System;

 class app
{

    abstract class Part
    {

        abstract public void push();

    }

    class Derived : Part
    {

        public override void push()

        {
        }
    }

    static void Main()

    {

    }

}
An error results

because

Note that a class is implicitly virtual if it is abstract .


Protected Access Modifier 

PH page 87

Sealed Classes 


C#2008 page 191

using System;


 class app
{

    sealed class Part
    {

    }

     class Derived : Part

    {

    }

    static void Main()

    {

    Console.ReadLine();

    }

}

Extension Methods  





           page 198 C# 2008.





Introduced on C# ver 3.0. (No reference in C# in 21 Days )
using System;

class app
{
static void Main()

   {

   double x = 3.00              ;

   Console.WriteLine(x.square());

   Console.ReadLine()           ;

   }

}
public static class  test
{

   public static double square(this double d)
   {
   return d*d                 ;
   }
}



In this case modified  from Microsoft Help we call our extension method using a string variable.
using System;

    //Extension methods must be defined in a static class
    public static class StringExtension
    {

        // This is the extension method.
        // The first parameter takes the "this" modifier
        // and specifies the type for which the method is defined.
        public static int llength(this String str)

        {

            return str.Length;

        }

    }
class Program
    {

        static void Main(string[] args)

        {

            string s = "The quick brown fox jumped over the lazy dog.";

//Call the method as if it were an instance method on the type.
//Note that the first parameter is not specified by the calling code.
            int i = s.llength();

            System.Console.WriteLine("Length of s is {0}", i);


            System.Console.ReadLine();

        }

    }

As a consequence we can use extension methods to add functionality to a class without altering the class or deriving from it .
We can use our extension methods with objects that we instantiate form the class as if they were members.
using System;

public class Part
{

    public int i { get; set; }

}

class app
{

    static void Main()

    {

        Part p1 = new Part();

        p1.i = 2;

        double d = p1.square();
        Console.WriteLine(d);

        Console.ReadLine();

    }

}
public static class  test
{

    public static double square(this Part p)

    {

    return p.i * p.i        ;

    }

}

Extension methods are not used much except when using Linq (later).

Exercise: Make an extension method called variance for our Finance  class but this time not using a derived class.
Before we start It may be necessary to provide our finance class with get and set properties in order that our extension method can access the array of data. Se end of the chapter for help in this.
Interfaces
The need for interfaces.

If we had a class which had two methods which had the same signature (same parameters and return value) but different implementation (ie they do different things):

    public class Part

    {

        public void push()

        {

            Console.WriteLine("push1");

        }

        public void push()

        {

            Console.WriteLine("push2");

        }

    }

If we tried to create an object and call push 
Part p = new Part();

p.push();

We need to provide an interface – actually two in this case – to enable us to distinguish the two push methods.

using System;

interface IPush1

{

    void push();

}

interface IPush2

{

    void push();

}

public class app

{

    public class Part:IPush1,IPush2
    {

        void IPush1.push()

        {

            Console.WriteLine("push1");

        }

        void IPush2.push()

        {

            Console.WriteLine("push2");

        }

    }

We now can distinguish between them when we call the push() functions thus:

 static void Main()

    {

        Part p = new Part();


        IPush1 p1 = (IPush1)p;
        p1.push();

        IPush2 p2 = (IPush2)p;
        p2.push();

        Console.ReadLine();

    }

}


We should now have:
using System;

interface IPush1
{

    void push();

}

interface IPush2
{

    void push();

}

public class app
{

    public class Part: IPush1,IPush2
    {

        void IPush1.push()

        {

            Console.WriteLine("push1");

        }

        //void IPush2.push()
        //{
        //    Console.WriteLine("push2");
        //}
    }

 static void Main()

    {

        Part p = new Part();

        IPush1 p1 = (IPush1)p;

        p1.push();

        IPush2 p2 = (IPush2)p;

        IPush2 p2 = (IPush2)p;

        //p2.push();

        Console.ReadLine();

    }

}

This code will not even compile.

Because our class Part implemented the interface IPush2 it must implement all of its methods (only one here.) Interfaces therefore are another  “safety feature”.
An interface is a “template” that a class must follow. A class must implement all methods (and properties etc specified by the interface. Of course the class may have extra properties and methods of its own.

We have already seen how the method which gets called depends on the object to which it is “attached”.

In this case we demonstrate however can pass different types of object to the same function.
using System;

class ItemA
{

}

class ItemB
{

}

class Program
{

    static void Main()

    {

        ItemA itA = new ItemA();

        ItemB itB = new ItemB();

        push(itA);

        push(itB); 

        Console.ReadLine();

    }

    static void push(object ab)

   {

       Console.WriteLine(ab.GetType());

   }

}

But what if we wished our push function to only accept objects of type ItemA or ItemB ?

We could define an interface and have each class implement it as follows.
using System;

interface IPush
{

}

class ItemA: IPush
{

}

class ItemB: IPush 
{

}

class Program
{

    static void Main()

    {

        ItemA itA = new ItemA();


        ItemB itB = new ItemB();

        push(itA);


        push(itB);

Console.ReadLine();

    }


    static void push(IPush ab)

   {

Console.WriteLine(ab.GetType());

   }

}

Interface can once again be seem to be a safety mechanism.
Interface methods are implicitly public by default. It is not possible to qualify them with any other accessor eg private etc- nor is that possible in the class definition of the corresponding method.
For this and other requirements for an interface see C# 2008 Chapter 5 page 171.

An interface can also be used to provide increased encapsulation of a method:
 Page 353 C# Shildt
FinanceLibrary

namespace FinanceLibrary

{

    public class Finance
    {

        protected double[] s;

        public Finance()

        {

            s = new double[5];

        }

        public Finance(double[] _st)

        {

            s = new double[_st.Length];

            _st.CopyTo(s, 0);

        }

        public double mean()

        {

            double sumS = 0.0;

            int x = s.GetUpperBound(0);

            for (int i = 0; i <= s.GetUpperBound(0); i++)

            {

                sumS = sumS + s[i];

            }

            return sumS / (double)s.Length;

        }

    }

}
/////////////Using a property:////////////

public class Finance
    {

    private double[] _s             ;

    public double[] s

    {

        get
        {

            return _s               ;

        }

        set
        {

            _s = value              ;

        }

    }

        public Finance()

        {

            s = new double[5];

        }

        //public Finance(double[] _st)
        //{
        //    s = new double[_st.Length];
        //    _st.CopyTo(s, 0);
        //}
        public double mean()

        {

            double sumS = 0.0;

            int x = s.GetUpperBound(0);

            for (int i = 0; i <= s.GetUpperBound(0); i++)

            {

                sumS = sumS + s[i];

            }

            return sumS / (double)s.Length;

        }

    }

Summary: Constructors:





The base class default constructor is always called.





The base class one-parameter constructor will not be called unless it is called either using a base class object or explicitly called from the derived class.








The example of page 186 C#2008 would make more sense as to why the base class Shape would not be instantiated.





It is possible to implement a method in an abstract class if the method  is not itself  marked as abstract





We could also achieve the same result by assigning to an object reference of the interface type as below rather than casting  ie IPush1 p1 = (IPush1)p;


as we have just done. 





Try it.





    static void Main()


    {


        Part p = new Part();





        IPush1 p1 ;


        p1 = p;


        p1.push();





        IPush2 p2;


        p2 = p;


        p2.push();





        Console.ReadLine();


    }


}





An abstract method in the abstract base class must be overridden by the same method in any derived class.





Comment out or delete the derived class’s push()method.





If  method is made abstract then the class must be abstract.





Note the use of a property here.





Part p		; 


p = new Derived()	;








Mark the derived class method as override.





base  is a generic term. It is not the name of a class nor is it THE base class. It means one class higher up the tree.





Exercise: 





1. Make a class called  Finance which will calculate the mean of some numbers as follows:





Use a double array called s in the class to hold the numbers. Test it by creating a Main program call a constructor and passes the array called  stock for double[] stock = { 1.6, 2.5, 1.4, 2.4, 4.3 }        ;





� 		(This exercise was done at end of previous chapter)








2. Make a derived class called Stats which enables us to call a method called variance which calculates the variance of these numbers.





Test it from Main.





�








3. Split the program to make a class library called FinanceLibrary to hold the Finance class. The derived class Stats will be created in the separate (Console Application ) testing program called FinanceTest. Of course the Main test code will also be in this project FinanceTest.





The output should then be:





�











Without virtual  and override, the method called depends on the Declared type.











An extension method allows us to use object.method notation as per : x.square() with “ordinary” variables in this case x. We could even have  3.00.square(); 


Try it  !











Part p = new Derived();





eg. Declared type is Part.


Assigned type is Derived().











…it is an extension method.





It may appear a little surprising that we place these  self-imposed “restrictions” such as abstract  and sealed on our code. But by doing so we make it easier to resolve problems which may arise later with our code.





We can also seal a method. See page 192 c#2008.





Type sealed here. The program no longer builds. A sealed class cannot be derived from.





An extension methods must have 


A static class


A static method.


this.





The return type is double.





Only the derived class function push function is called even though push() is present also in the base class.  





..and in this case the type passed is also double.





(For clarity, the constructors and members have also been removed.)








… and its call.





 We get the following error message: 


Error 1 : The call is ambiguous.





Run the program again. 





Of course this base class 1-parameter constructor is not yet called is not called.





Only the one-argument constructor of  the Derived  class is called. 








… immediately the one-parameter constructor of  the Part  class is called.








The one-parameter constructor of  the Derived  class is called first but... 








Obviously a


0-parameter constructor will not be called if a 1-parameter constructor is called.





Once again, single-step. 


You should see the base class 1-parameter constructor being explicitly called and.. 





Mark the base class method as virtual.





It might be imaginable that some legacy code contains a member function with the same name as one that we are trying to amalgamate.





(Note that p.push();alone


would not be allowable now.)





… i being given the value of 4.





All three default constructors are called.





Single-step to confirm this.





Comment out the 2nd push();.function...  





2





Type abstract here , delete virtual and remove the function body so that we have:.





1





An error is indicated. This is because we cannot create an instance of an abstract class. Abstract classes are only for deriving from.


So delete it  - and the p1.push();.                    .





change this line as shown.





Type abstract here.





Confirm  all of this using the debugger.





If you wish to call a base class method from a derived class, you can use this to represent the current object.





When we use virtual and override, the method which gets called depends on the assigned type not necessarily the declared type.





 Use protected int i; instead	  of private int i ; when we know we will derive classes. Means that this data will then be available to the derived class as well.





It is an error to use both new and � HYPERLINK "http://msdn.microsoft.com/en-us/library/ebca9ah3.aspx" �override� on the same member because the two modifiers have mutually exclusive meanings. The new modifier creates a new member with the same name and causes the original member to become hidden. The � HYPERLINK "http://msdn.microsoft.com/en-us/library/ebca9ah3.aspx" �override� modifier extends the implementation for an inherited member.





We would explicitly call it using a base class object as follows:





Part p1 = new Part(4)       ;





And the result would be:















































Remove the derived class push()method.


 Now d1.push() causes the base class push()method to be called. The base class is called since there is no other!) . C# is forgiving. It goes “up the tree” until it finds a method of that name.


                  





Interface is an alternative to multiple inheritance. See later





Single-step to see the base class one-parameter constructor also being called.








Both





BaseY





BaseX





(Of course, as we have previously seen, the no-argument constructor is also called for the base class.)








Include a One-Parameter Constructor in the derived class.





Having methods with the same name is known as polymorphism.





1





2





The 0-parameter constructor of the derived class is called which immediately diverts to the 0-parameter  constructor of the base class.


i is set to 1. 





It then returns to the derived class to set j = 2.





3





When d1 is created, it also acquires an i data member which is initialized by Part’s no-argument constructor  to 1.





When we create an object of the type Derived it will inherit all of the member functions and data of the Base class.


At the moment, it only inherits the data member i and the simple Part class constructor.





Derived : Part indicates that Derived inherits from part. Note the single colon.





Single-step this program using the debugger and watch the derived objects variables in Locals Window.





The square() method does not exist inside our class…





Remove : IPush from here. Our program no longer even  compiles since itB is no longer of type IPush .





But now the push function will accept onIy objects of type ItemA or ItemB. 





The result is the same as before.





Declared type is Part.











Assigned type is Derived().
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