Worksheet 6. Class Inheritance
Parents and Children
Once we start creating classes we begin to discover common attributes and behaviours (methods).

Look at the following classes of employee:
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Both types of employee must be paid using the Pay() method and have names, addresses, employeeIDs and totalWages as attributes. But they differ in that part-timers work to a contract that has to be renewed periodically using the RenewContract() method, and they have a contract start & end date attribute. Alternatively, full-timers are paid a bonus using the PayBonus() method and have a bonuses attribute. 

Obviously we have duplicated the attributes addresses, employeeIDs & totalWages, and we have written the code for the Pay() method twice in two different classes. The solution is to use inheritance.

 If this was a database, you would apply normalization and create three database tables. Likewise, we will split these two classes into three classes with the common generic attributes placed in the third class and shared by the other two.

Inheritance allows us to avoid this duplication by creating a parent-child relationship.
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Parent class Employee contains the more general shared attributes and behaviours of an Employee. The child classes PartTimer & FullTimer inherit these attributes and behaviours from the parent and adds their own. 

Parent classes are also known as superclasses and child classes are known as subclasses.

Specialization: As you move down the class hierarchy from the parent to the child classes, each class adds more specific attributes and/or behaviours i.e. becomes more specialized.

Generalization: As you move up the class hierarchy the classes from the children to their parent class(es), the attributes and/or behaviours become more general i.e. shared by many other classes.
This idea of classification is common in the real world e.g.
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Looking at this classification hierarchy…

A Reptile is a kind of Animal

A Reptile is a type of Animal

A Reptile is a Animal              ( I know this is not grammatically correct!!
If you have an “is a” relationship between classes then you can build a class hierarchy e.g. a FullTimer is a Employee.
You can also see that Tiger is both a Mammal and an Animal i.e. it has attributes and behaviours of both.
Inheritance is coded as follows:

	public class Employee

{

}



	public PartTimer : Employee

{

}
	public FullTimer : Employee

{

}


Looking again at the Employee class we know we need to add a constructor to initialize the name, address and employee ID (assuming the total wages are set to zero).
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The problem is that we actually want to create a FullTimer or a PartTimer employee not an Employee. If we want these initial values to be set in the employee we also need to pass these details into the constructors of these child classes. 
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Furthermore, the constructor in the child class must then pass the values into the appropriate constructor of its parent class. In C#, the child class constructor invokes the constructor in the parent class by placing colon (:) after the parameter list and then invoking the parent class with the keyword base.
public class Parent

{

         // Store the value passed from the Child class

public Parent(int parameter)

{

// Parent constructor

}

}

public class Child : Parent
{

         // Pass parameter value from Child to Parent class constructor

public Child(int parameter)  : base(parameter)
{

// Child constructor

}

}

Here’s an Employee example:

	public class Employee

{

      // Attributes

      private string _nane;

      private string _address;

      private string _empolyeeID;

      private double _totalWages;

      // Constructors

public Employee(string name, string address, string employeeID)

{

// Initialize the general employee details

_name = name;

_address = address;

_employeeID = employeeID;

_totalWages = 0;

}

}



	public PartTimer : Employee

{
      // Attributes

      private Date _contractStartDate;

      private Date _contractEndDate;

      // Constructors

public PartTimer(string name,

string address,

string employeeID,

Date startDate,

Date endDate)

: base(name, address, employeeID)

{

// Initialise the specific 

// part timer details

_contractStartDate = startDate;

_contractEndDate = endDate;

}

}
	public FullTimer : Employee

{
       // Attributes

       private double _bonuses;

       // Constructors

public FullTimer(string name,

string address,

string employeeID)

:base(name, address, employeeID)

{

// Initialise the specific 

// full timer details
_bonuses = 0;

}

}


Somewhere in your application you would instantiate (create) objects of these types as follows:-

FullTimer
fullTimeEmployee;

PartTimer
partTimeEmployee;

fullTimeEmployee = new FullTimer(“Tom”, “Oak Rd”, “E1988”);

partTimeEmployee = new PartTimer(“Joe”, “Elm St”, “E9383”, 04/11/09, 12/11/10);

Call My Parent
Say we want to modify the FullTimer class to allow these employees to be paid additional payments on top of their basic wages. Let’s add a method AdditionalPay() to the FullTimer class.
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The Pay()  method in the Employee class is used to pay full-time employees, so we’ll need to use this:

public class Employee
{

      // All Employees get paid, so add this method to the

      // Employee class.
public void Pay(double pay)

{

_totalWages = _totalWages + pay;

}

}

public class FullTimer : Employee

{

      // Only FullTimers get additional pay, so add this method to the

      // FullTimer class.
public void AdditionalPay(double morePay)

{

// Do something to calculate additional pay tax, etc

// Now pay the employee

// Call the parent method

Pay(morePay);

}

}

This is the whole point of inheritance; the child class gains the attributes and methods that the parent class has.

	Warning: If a method in the child class is identical to a method in the parent class (i.e. has the same signature) you will get a warning something like “..hides inherited member...”, to remove this warning use the new keyword.  
public new returntype MethodName(parameters)

{

        // Code for the method

}

However, we may still want to call the method in the parent class, in which case we can use the base keyword again e.g. in the previous example, say instead of AdditionalPay we just want to call this method Pay.

public class FullTimer : Employee

{

public new void Pay(double morePay)

{

// Do something to calculate additional tax on pay, etc

// Now pay the employee in the normal way by calling the
// Employee::Pay() method
base.Pay(morePay); 
// Call the parent method called Pay
}

}


Schizophrenia

When creating variables, we decide the type and that specifies the kind of data we can store in it e.g. int’s are signed whole number values

int myVar = 10;

You can’t then decide to assign a different kind of value to the variable e.g.

int myVar = 10;

string myStr = “Hello”;

myVar = myStr;
// Assign string to int ???? ( No!!.

However, objects are slightly different in that they inherit the types of their parent classes.
In the previous example, we had the relationship:-
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It is important to realize that a full time employee is both a FullTimer and an Employee. An alternative way of view this, is to consider the FullTimer child class as wrapping the parent Employee class and adding the extra attributes and methods that make a basic employee a full timer.
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When we create a FullTimer object, we can use the attributes and methods of both the FullTimer and the Employee class.
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As you can see, the application can treat this object as both and a FullTimer and a basic Employee.
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Say we want a mailing application that is given a list of employees working for the company and wants to send a letter to them all.

Either we create two applications one for FullTimers and one for PartTimers or we treat all of them as just Employees.
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To do this we ignore the attributes and methods of the FullTimer class and treat the object as just an Employee.
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In short, a FullTimer object is also an Employee object and can be stored in a variable declared with the type Employee (likewise, for PartTimer objects).
FullTimer
fullTimeEmployee;

Employee
someEmployee;

fullTimeEmployee
= new FullTimer(“Tom”, “Oak Rd”, “E1988”);

// Treat FullTimer object as an Employee object

someEmployee
= fullTimeEmployee;

….. or even shorter ….

Employee
someEmployee;

someEmployee
= new FullTimer(“Tom”, “Oak Rd”, “E1988”);

This concept is very useful for creating lists. In the mailing application mentioned above, we needed a list of all employees regardless of whether they are full time or part time.

List<Employee> employeeList = new List<Employee>();

FullTimer
fullTimeEmployee;

PartTimer
partTimeEmployee;

fullTimeEmployee = new FullTimer(“Tom”, “Oak Rd”, “E1988”);

employeeList.Add(fullTimeEmployee);
// Add as just Employee
partTimeEmployee = new PartTimer(“Joe”, “Elm St”, “E9383”, 04/11/09, 12/11/10);

employeeList.Add(partTimeEmployee);
// Add as just Employee
foreach(Employee emp in employeeList)

{

     SendLetter(emp.Name, emp.Address);
// Send mail to each Employee

}

What Am I?
Say we have a parent Animal class and a child Dog class:

public class Animal

{

public string Move()

{

return “Moving”;

}

}

public class Dog : Animal

{

public string Bark()

{

return “Woof Woof”;

}

}

We know we can create a Dog object as follows….

Dog myDog = new Dog();

string movement;

string noise;

…and use it as follows.

movement = myDog.Move();

noise = myDog.Bark();

But a Dog is a kind of Animal, so we can treat a Dog like an animal by storing the Dog object in an Animal variable…

Animal myAnimal = new Dog();

…we can ask the animal to move….

myAnimal.Move();

This may be all you need, but what if we want the dog to bark, we can’t ask an Animal to bark.

myAnimal.Bark();
// This won’t work !!!

This doesn’t work because the type of the variable myAnimal is Animal and not Dog.

Another way to understand this is to think of the Dog class wrapping around the Animal class. If you store the Dog object in an Animal variable type then in effect you remove the wrapping around the parent inner class.
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To convert the Animal object back to a Dog (i.e. add the Dog wrapper back) we use the as operator.

Animal myAnimal = new Dog();

Dog myDog = myAnimal as Dog;
// Turn it back into a Dog

	Note 1:

To be safe we should check that the Animal object really was a Dog and not some other child class e.g. Cat. The as operator gives a null result if the original object was not a Dog, where null basically means not an object. Here’s the safe code:

Dog myDog = myAnimal as Dog;

if(myDog != null)
// Check if the child class was Dog

{

    // Use the Dog object

    myDog.Bark();

}

else

{

    // Wasn’t a Dog

    Console.WriteLine(“Error animal is not a dog”);

}




Note 2:
You can use the is operator to test what class an object was created from:

if(myAnimal is Dog)
{

      Dog myDog = (Dog)myAnimal;

      myDog.Bark();

}

Quiz:

	Given the following code:

Dog        myDog;

Animal   myAnimal;

myDog = new Dog();

Which of the following is allowed?



	myAnimal = myDog;


	

	myDog = myAnimal;

	

	myDog = (Dog)myAnimal;     (Careful !!)

	

	myDog = myAnimal as Dog;   (Careful !!)

	

	if(myDog != null)
{

}


	


Hint: Playing with Dates
You can get today’s date using the DateTime class.

DateTime today = DateTime.Now.Date;

You can add one or more days to this date using the AddDays() method.

DateTime tomorrow;

DateTime theFuture;

tomorrow = today.AddDays(1);

theFuture = today.AddDays(28);

You can compare dates directly...

if(tomorrow < theFuture)      // Tomorrow is before (less than) the future
{

       // We are not in the future yet!!

}

You can also work out how many days difference exists between two dates....

DateTime start;

DateTime end;

TimeSpan difference;

int days;

start = DateTime.Parse("28/05/11"); ( Convert string to DateTime
end = start.AddDays(4);

difference = end - start;
( Calculate difference
days = difference.Days;       
( Result is 4 days
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