Worksheet 7. Interfaces and Polymorphism
Interfaces

An interface is a contract that must be fulfilled by a class i.e. it defines the capabilities (methods and properties) that you want to have available in a class.
For example, say a company is writing an application that has to work with a number of different file types e.g. Word documents, spreadsheets, GIF images, PNG images, etc. The company doesn’t want to write this code but wants a subcontractor to provide a number of classes that can open the file, close the file, read from the file and write data to the file for each of these file types. To make writing the application easier, the developers have written a class called FileData that can store different kinds of file data. They also want identical methods to be provided by the classes they are given by the subcontractor.

Here’s the idea.

First we create an object for reading/writing to the file.

WordFile file = new WordFile();

If the file was some other type we would change WordFile to PngFile, etc.

Next open the file….

file.Open(“Mikes.doc”);


// Pass the file path & file name
…we could read from the file…

FileData data = file.Read();

… or write to the file…

FileData data = new FileData(some sort of data);

file.Write(data);

…..and finally close it.

file.Close();

What we need is a way of specifying the methods that the subcontractors’ classes must provide, and an interface enables us to do this.
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When should I use an Interface?

Use an interface when the type of data (or state) is different but the functionality required is identical e.g. the operations cut, paste, copy and delete may be the same but the data for a Word or a Paint window would be very different.

See later notes on Roles.

Here’s the code, first we declare an interface then classes inherit from it providing the methods required by the interface.
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By convention, interface names start with a capital letter I.

interface IFile
{

void Open(string filePath);

// No code, the class must provide it

void Close();

FileData Read();

void Write(FileData data);

}

// Class implements IFile and therefore commits to providing its’ methods

//

public class WordFile : IFile

{

void Open(string filePath)

{

// Open a word document at the specified path

Console.WriteLine(“Open file ”+filePath);

}

void Close()

{

// Close the open word document

Console.WriteLine(“Close the file”);

}

FileData Read()

{

// Create a FileData object and read the data from the file

Console.WriteLine(“Read text from word file”);

}

void Write(FileData data)

{

// Write the data from the FileData object into the file

Console.WriteLine(“Write data to word file”);

}

}
Object or Interface?

When we were looking at inheritance, we found that a child class could be stored in a variable of the same type as its parent class and then treated like an object of the parent class’s type e.g.

public class Parent

{

}

public class Child : Parent

{

}

In our code, we can now write….

Parent theParent;

Child theChild = new Child();

theParent = theChild;

// Child object now acts like a Parent object

When using an interface we can do exactly the same thing, the object can be referenced through the interface…
	
[image: image3.emf]+Play() : void

«interface»

IMusician

PianoPlayer


	interface IMusician

{

void Play();

}

public class PianoPlayer : IMusician

{

void Play()

{

Console.WriteLine(“Play piano”);

}

}




In our code, we can now write….

PianoPlayer player = new PianoPlayer();

IMusician musician = player;


// Piano player acts like any musician

                                                                        // the object is referenced thru the 

                                                                        // IMusician interface

player.Play();


// Plays piano

musician.Play();

// Also plays piano

Interfaces and Roles?

An alternative way of thinking of this is to consider inheritance and roles. In the real world, there is a strong inheritance relationship between a person and their father, in the same way child classes inherit from a parent class. At the same time, a person can perform many different roles; they may be a doctor, patient, car mechanic, customer, etc. Interfaces allow objects to fulfil different roles within an application, and the application doesn’t need to know how the object was created or how it will perform that role. For example, in our weird world all doctors are also musicians, so a Doctor is both a musician and a medic.
public class Doctor : IMusician, IMedic

{

      void Play()    

( From IMusician
      {

            Console.WriteLine(“Play piano”);

      }

      void TreatPatient()    
( From IMedic
      {

            Console.WriteLine(“Treat patient”);

      }

}

We create the Doctor object 

Doctor doctor = new Doctor();
They join an Orchestra, the orchestra just knows that the object fulfils the role of a Musician that can play music.

IMusician musician =doctor;   ( It’s an IMusician
musician.Play();
Later they may go to work in a Hospital, and the hospital just knows the object is a Medic that can treat patients.
IMedic medic =doctor;   ( It’s an IMedic
medic.TreatPatient();
Here’s an example, Bob and Steve are both chemists while Tom is a mathematician. Bob plays the guitar, Tom the drums and Steve is the lead singer for the band. Using interfaces we will define these roles and then create classes to represent Bob, Steve and Tom.

namespace MusicianScientistMathematician

{

    interface IChemist
    {

        void PerformExperiment();

    }

}

namespace MusicianScientistMathematician

{

    interface IMathematician
    {

        int AddNumbers(int number1, int number2);

    }

}

namespace MusicianScientistMathematician

{

    interface IGuitarist
    {

        void PlayGuitar();

    }

}

namespace MusicianScientistMathematician

{

    interface IDrummer
    {

        void PlayDrums();

    }

}

namespace MusicianScientistMathematician

{

    interface ISinger
    {

        void Sing();

    }

}

Now the classes....

...we have a chemist who can play guitar....

namespace MusicianScientistMathematician

{

    class GuitaristChemist:IChemist, IGuitarist
    {

        #region IScientist Members

        public void PerformExperiment()

        {

            Console.WriteLine("Mixing blue chemicals");

        }

        #endregion
        #region IMusician Members

        public void PlayGuitar()

        {

            Console.WriteLine("Playing guitar");

        }

        #endregion
    }

}

....we have a mathematician who plays the drums....

namespace MusicianScientistMathematician

{

    class DrummerMathematician:IMathematician, IDrummer
    {

        #region IMathematician Members

        public int AddNumbers(int number1, int number2)

        {

            return number1 + number2;

        }

        #endregion
        #region IDrummer Members

        public void PlayDrums()

        {

            Console.WriteLine("Playing drums");

        }

        #endregion
    }

}

...and another chemist who can sing.

namespace MusicianScientistMathematician

{

    class SingingChemist: IChemist, ISinger
    {

        #region IChemist Members

        public void PerformExperiment()

        {

            Console.WriteLine("Mixing red chemicals");

        }

        #endregion
        #region ISinger Members

        public void Sing()

        {

            Console.WriteLine("Singing song");

        }

        #endregion
    }

}

The band needs a guitarist, drummer and singer to play the song, but we don’t care whether who plays guitar, drums or sings, etc. We also don’t care if they are a Chemist or Mathematician, etc, we just need them to be play the guitar, the drums or to sing. The individual members of the band can be added when the band is created.
namespace MusicianScientistMathematician

{

    class MusicBand
    {

        private IGuitarist _guitarist;

        private IDrummer _drummer;

        private ISinger _singer;

        public void AddGuitarist(IGuitarist guitarist)

        {

            _guitarist = guitarist;

        }

        public void AddDrummer(IDrummer drummer)

        {

            _drummer = drummer;

        }

        public void AddSinger(ISinger singer)

        {

            _singer = singer;

        }

        public void PlaySong()

        {

            _guitarist.PlayGuitar();

            _drummer.PlayDrums();

            _singer.Sing();

        }

    }

}

Let’s create the band; Bob is a chemist who plays guitar, etc.
        static void Main(string[] args)

        {

            MusicBand band = new MusicBand();

            GuitaristChemist bob = new GuitaristChemist();

            DrummerMathematician tom = new DrummerMathematician();

            SingingChemist steve = new SingingChemist();

            band.AddGuitarist(bob);

            band.AddDrummer(tom);

            band.AddSinger(steve);

            band.PlaySong();   ( make happy music ;-)
            Console.ReadLine();

        }

Bob and Steve are both chemists, so they want to go to a chemist’s convention. In this case, we don’t care whether they play musical instruments, etc. They just need to be able to do chemistry.

namespace MusicianScientistMathematician

{

    class ChemistsConvention
    {

        private IChemist _chemist1;

        private IChemist _chemist2;

        public void AddChemist1(IChemist chemist)

        {

            _chemist1 = chemist;

        }

        public void AddChemist2(IChemist chemist)

        {

            _chemist2 = chemist;

        }

        public void DoResearch()

        {

            _chemist1.PerformExperiment();

            _chemist2.PerformExperiment();

        }

    }

}

Create the convention and add Bob and Steve.

        static void Main(string[] args)

        {

            ChemistsConvention researchers = new ChemistsConvention();

            GuitaristChemist bob = new GuitaristChemist();

            DrummerMathematician tom = new DrummerMathematician();

            SingingChemist steve = new SingingChemist();

            researchers.AddChemist1(bob);

            researchers.AddChemist2(steve);

            researchers.DoResearch();

            Console.ReadLine();

        }

Here’s another example. Say we want an application that allows the user to type in the numbers as text “one”, “two”, “three”, etc, then click on an Add, Subtract, Divide or Multiply buttons and display the result e.g. “one” + “two” = 3 
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Unfortunately, we also need to support any number of other languages e.g. Italian, Spanish, German, etc.
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To allow multiple languages to be supported we will create an interface called IMaths. 
interface IMaths

{


int Add(string num1, string num2);

}

Say we are asked to support 5 languages then we will create an array as follows:
IMaths[] _maths = new IMaths[5];

Now using this interface we are going to create different classes for each language e.g.
public class EnglishMaths : IMaths

{


public int Add(string num1, string num2)

{


// Add numbers and return result

}

}

To add each language to our application, you create an object for each language and store them in the array e.g.

_maths[0] = new EnglishMaths();
// index 0 for English
_maths[1] = new FrenchMaths();
// index 1 for French
_maths[2] = new SpanishMaths();
// index 2 for Spanish
_maths[3] = new GreekMaths();
// index 3 for Greek
_maths[4] = new ItalianMaths();
// index 4 for Italian
Let’s use add some numbers “one” and “two”.

int result;

result = _maths[0].Add(“one”, “two”);
// English ( index 0
result = _maths[1].Add(“une”, “deux”);
// French ( index 1
In our application, if we want to choose a language and we could use an index.
int _selectedLang = 0;

// English

result = _maths[_selectedLang].Add(“one”, “two”);
Subtract, multiply and divide can all be performed, first add methods to IMaths…
interface IMaths

{


int Add(string num1, string num2);


int Subtract(string num1, string num2);


int Multiply(string num1, string num2);


int Divide(string num1, string num2);

}

… call the methods in the same way.

result = _maths[_selectedLang].Subtract(“one”, “two”);
result = _maths[_selectedLang].Multiply(“one”, “two”);
result = _maths[_selectedLang].Divide(“one”, “two”);
It may make your code easier to read if you store the selected object in a variable instead of using the index each time.
IMaths _selectedLang;

_selectedLang = _maths[0];
// Select English

result = _selectedLang.Add(“one”, “two”);

result = _selectedLang.Delete(“one”, “two”);

interface IMaths

{

     int Add(string num1, string num2);

     int Subtract(string num1, string num2);

     int Multiply(string num1, string num2);

     int Divide(string num1, string num2);

     string Language { get; }                    // Property

}
class EnglishMaths : IMaths

{

public int Add(string num1, string num2)

{

            int val1 = ConvertNumber(num1);

            int val2 = ConvertNumber(num2);

            return val1 + val2;

}

public int Subtract(string num1, string num2)

{

            throw new NotImplementedException();

}

public int Multiply(string num1, string num2)

{

            throw new NotImplementedException();

}

public int Divide(string num1, string num2)

{

            throw new NotImplementedException();

}

public string Language

{

            get 

            { 

                return "English"; 

            }

}

private int ConvertNumber(string num)

{

         
// Convert text to a number 

}

// Text displayed in ListBox

public override string ToString()

{

            return Language;

}

}
The private function ConvertNumber has been added to convert the text “one” into the integer number 1, etc.

This code is different for each language required, here’s an example for English.

private int ConvertNumber(string num)

{

int result = 0;

num = num.ToLower();

switch (num)

{

case "one":

      result = 1;

      break;

case "two":

      result = 2;

      break;


.


.


.


.


.

default:

      result = 0;

      break;

}

return result;

}
In the application, we create the array and add the EnglishMaths object to support English, we’ll just support one language for now.

Also double click on the addButton and the languagesListBox.

public partial class Form1 : Form

{
// Store languages, just one for now
private IMaths[] _maths = new IMaths[1];

public Form1()

{

      InitializeComponent();

}

private void Form1_Load(object sender, EventArgs e)

{

      EnglishMaths eng = new EnglishMaths();

      // Store EnglishMaths as an IMaths object in array
            _maths[0] = eng;    
}

// New ListBox item selected by user

private void languagesListBox_SelectedIndexChanged(

              object sender, EventArgs e)

{

      }

// Add Button clicked by the user

private void addButton_Click(object sender, EventArgs e)

{

      }

}
To allow the user to select a language we will display the array in the ListBox and read the selected IMaths object (i.e. the language) from the ListBox when the user changes the list box item selected. The selected object will be stored in an attribute called _selectedMaths.

We’ll add the attribute _selectedMaths, and set it by default to use the first language in the array.

public partial class Form1 : Form

{

private IMaths[] _maths = new IMaths[1];

private IMaths _selectedMaths = null;

public Form1()

{

      InitializeComponent();

}

private void Form1_Load(object sender, EventArgs e)

{

      EnglishMaths eng = new EnglishMaths();

      // Store EnglishMaths as just IMaths object
            _maths[0] = eng;    
            // Display the array in the ListBox

            languagesListBox.DataSource = _maths;

            // Remember the language which should be selected 

      // by default and display the language name

            _selectedMaths = _maths[0];

            languageLabel.Text = _selectedMaths.Language;

}

// New ListBox item selected by user

private void languagesListBox_SelectedIndexChanged(

            object sender, EventArgs e)

{

}

// Add Button clicked by the user

private void addButton_Click(object sender, EventArgs e)

{

}

}
When the user selects a new item from the ListBox, we will read it and store it.

// New ListBox item selected by user

private void languagesListBox_SelectedIndexChanged(

            object sender, EventArgs e)

{

// Check if item has been selected in the ListBox

if (languagesListBox.SelectedItem != null)

{

      // Store the selected language (IMaths object) 

      // from the ListBox and display the language name

      _selectedMaths =

                 (IMaths)languagesListBox.SelectedItem;

      languageLabel.Text = _selectedMaths.Language;

}

}

Finally, when the addButton is clicked we will call the Add() method and pass it the text from the TextBoxes. Subtract, divide and multiply are similar.
// Add Button clicked by the user

private void addButton_Click(object sender, EventArgs e)

{

int result;

// Read the numbers typed into the TextBoxes e.g "one",

// add them

result = _selectedMaths.Add(number1TextBox.Text,

                            number2TextBox.Text);
// Display the result

resultsLabel.Text = result.ToString();

}
Using the IMaths interface we have identified the parts of the design which vary and separated them from what remains the same i.e. if we need to support more languages we can without making any changes to the bulk of the main application code. Adding more languages is easy, add the new class implementing the IMaths interface, increase the array size and store the new object in the array.
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Remember, that you can always use a list if you want to store an arbitrary number of languages and this can also be displayed in a ListBox e.g.

List<IMaths> _maths =  new List<IMaths>();

EnglishMaths eng = new EnglishMaths();

_maths.Add(eng);



// Add IMaths object to list

languagesListBox.DataSource = _maths;
// Display the list in the ListBox

Task 1:

When describing interfaces, this worksheet illustrated the concept using a “Maths” application. But this application had a serious problem, only the ConvertNumber() method changed and the code for addition, subtraction, etc, was duplicated for each foreign language. Clearly this is not the best solution. Create a class called MathOps that performs the additions, subtraction, etc, and pass it an ILanguage interface that performs the number conversion.

Restructure the provided example, using this approach.

Another advantage of interfaces is a C# class can inherit from just one parent class, but it may implement multiple interfaces.

For example, say we have a game with multiple animals that have a common set of behaviours e.g. they move, make a noise, etc, we might create an interface IBehaviour that contains a list of common methods that provide this behaviour. Say they share some common attributes e.g. they have a head, legs, etc, so we create a common parent class Animal. Now we can create a Dog class that is a type of Animal but also implements the behaviours of an animal.

interface IBehaviour

{

}

class Animal

{

}

class Dog : Animal, IBehaviour

{

}

Perhaps only certain animals can see, so we want these animals to provide methods for vision i.e. implement an interface IVision. We can add those methods to the Dog class.
interface IBehaviour

{

}

interface IVision

{

}

class Animal

{

}

class Dog : Animal, IBehaviour, IVision

{

}

Task 2:

A remote control can command 8 separate entertainment units. Each of the 8 memory slots can be configured to control a DVD player, CD player, video streamer or audio streamer. Having configured each slot to control one of these devices, the user can select one of the units, then use the remaining controls to play, stop, pause, fast-forward or rewind the unit. The speed of the unit is displayed in an LED panel. Use an array for the memory slots. To store a device, the user picks a memory slot and selects the device type to store i.e. you create the object and store it in the array. Once stored, the user picks a slot and if a device is stored in it a light (i.e. radio button) is switched on and the user can use the commands. The method SelectUnit() returns true if memory slot contains a device. You can check if a device is stored by checking if the array element contains null e.g. to check the first slot (index 0). 

if(_units[0] != null) 

{ 

        // device stored 

}
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Using an interface IEntertainmentUnit, implement the windows application or simulate it in Console application. In either case, just display messages such as “Playing CD Slot 1”, etc. 
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Polymorphism

Poly means many and morph means form. Thus polymorphism refers to being able to use many forms of a type without regard to the details.
We have already seen that we can treat an object of a child class as an object of the parent class.
For example, a veterinary surgery contains a list of many Animals that have been check in for treatment and these animals are either Cats or Dogs.
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Say we have a pet dog we….

VeterinarySurgery vets = new VeterinarySurgery();
Dog myDog = new Dog();
// This my pet dog

vets.CheckInPet(myDog);
// Check my dog in for treatment.

As part of the treatment, every morning all the animals are woken up and must bark or meow. To achieve this in code, we have to convert each Animal into its child class (Cat or Dog) then ask it to make a noise.

public void WakeAnimals()

{

foreach(Animal pet in _animals)

{

if(pet is Cat)

{

Cat cat = pet as Cat;

cat.Meow();

}

else if(pet is Dog)

{

      Dog dog = pet as Dog;

dog.Bark();

}

}

}

The problem is that the surgery has many more types of animals than just Cats and Dogs e.g. Parrots, Mice, Snakes, Tortoise, etc.

Extending WakeAnimals() to handle hundreds of different types of animals is very difficult and would result in a lot of code.

Since these are all Animals, why can’t we just ask an Animal to make a noise?
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Unfortunately, what noise should be made when MakeNoise() is called? Bark, Meow, etc???

We might try to add the methods into the Dog and Cat classes….
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….but this doesn’t work because we still call the method in the Animal class.

[image: image12.emf]Dog

Dog::

MakeNoise()

Animal

Animal::

MakeNoise()

Application

Animal

Animal::

MakeNoise()

Application

Dog myDog = new Dog();

myDog.MakeNoise();

Animal myAnimal = new Dog();

myAnimal.MakeNoise();


Dog theDog

= new Dog();

Animal theAnimal
= theDog;

theAnimal.MakeNoise();
// This is MakeNoise in the Animal class 

// not the Dog class

theDog.MakeNoise();

// This is MakeNoise in the Dog class

What we want to do, is to replace the method MakeNoise() in the Animal class with the Dogs version of the same method.
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To do this we just need to modify the code to make the method in the parent class virtual and mark same method in the child class with override.

public class Animal

{

public virtual string MakeNoise()

{

return “I’m a generic animal, I don’t know my noise”;

}

}

public class Dog : Animal
{

public override string MakeNoise()

{

return “Bark”;

}

}

Dog theDog

= new Dog();

Animal theAnimal
= theDog;

theAnimal.MakeNoise();
// This is MakeNoise in the Dog class 

theDog.MakeNoise();

// This is MakeNoise in the Dog class

We can now rewrite the WakeAnimals() method:
	Without Polymorphism
	With Polymorphism

	public void WakeAnimals()

{

foreach(Animal pet in _animals)

{

if(pet is Cat)

{

Cat cat = pet as Cat;

cat.Meow();

}

else if(pet is Dog)

{

      Dog dog = pet as Dog;

dog.Bark();

}

}

}


	public void WakeAnimals()

{

foreach(Animal pet in _animals)

{

pet.MakeNoise();

}

}




In this example, we can still create an Animal object even though no such animal really exists. In some applications, creating an object of the parent class type makes perfect sense, but in this case there is no such thing as a generic “animal” in the animal kingdom only dogs, cats, fishes, birds, etc. 
Animal myAnimal = new Animal();

// What animal is this ??? 

// It’s not a cat, dog, duck, mouse, etc

Ideally we would like to prevent this, forcing us to create a child class instead i.e.
Animal someAnimal
= new Animal();
( Don’t want to allow this
Dog myDog

= new Dog();

(
Animal myAnimal
= new Dog();

( OK, Dog is a type of Animal
Likewise, the MakeNoise() method in the Animal class is a bit redundant because there is no generic/default animal noise. Again, sometimes the parent class will do something useful, often providing a common feature that the child classes will use. However, in this case we pointlessly return a string “I’m a generic animal, I don’t know my noise”. 
public virtual string MakeNoise()

{

return “I’m a generic animal, I don’t know my noise”; ( This is pointless
}

It would be nicer if we didn’t have to provide any code for this method and let the child class provide it.
To prevent the parent Animal class from being created mark it abstract.

When we don’t want to provide any code for a method in a parent class because we want the child class to implement it then mark the method abstract.

In effect, an abstract class is similar to an interface but allows you to add attributes and to provide code for non-abstract methods.

	
	Using Abstract Class

	public class Animal

{

public virtual string MakeNoise()

{

return “I’m a generic animal, I don’t know my noise”;

}

}

public class Dog : Animal
{

// May override method

public override string MakeNoise()

{

return “Bark”;

}

}
	abstract public class Animal

{

abstract public string MakeNoise();
}

public class Dog : Animal
{

// MUST override this method

public override string MakeNoise()

{

return “Bark”;

}

}


In UML it looks like this:
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When should I use polymorphism?

Use when the type of data is the same but the behaviour (functionality) is implemented differently (although the method signatures remain the same i.e. virtual methods).

Some people also argue that an abstract class should be used if the there is an “A is a B” relationship i.e. there is an inheritance relationship. Arguably, many of the interface examples above should have been abstract classes, but I wanted to keep them simple and avoid multiple interfaces or mixing class inheritance and interfaces (which you can do by the way).
Also if the parent class is changing often and an interface is used instead of an abstract class then this would continually break the classes that implement that interface.

However, you should note that a class can only inherit from one parent class but it can implement as many interfaces as you need.

Task 3:

A client needs a quiz game which asks the player’s questions from pools of questions covering various topic areas. Each pool contains different questions on the associated topic and the player is given a random question from the pool. 

The score awarded for correctly answering a question also depends on the pool, as does the “you win” or “you lose” message displayed. 

Here are the pools:-

History
5 questions,
+3points,
“You Won”,
“You Lost”

Science
10 questions,
+2points,
“Winner”,
“Loser”

Sport

20 questions,
+1point,
“Won”,
“Lost”

Implement the code using polymorphism:
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The constructors for each pool should create the QuizQuestion objects (with the question and its answer).

Use these classes like this….

Pool quizPool = new HistoryPool();

string question = quizPool.PickQuestion();

string answer;

Console.WriteLine(question);

answer = Console.ReadLine();

if(quizPool.CheckAnswer(answer) == true)

{

      Console.WriteLine(quizPool.WinMessage());

}

else

{

      Console.WriteLine(quizPool.LoseMessage());

}

For the PickQuestion() method, you will need to randomly pick a question from the array. To do this you will need a random number. Here’s the code…

Add the attribute to the Pool class….

private Random _rnd;

….in the Pool constructor….

_rnd = new Random();
….then add the method…

// Random value between 0 and maxValue, including

// 0 and maxValue themselves

public int RandomValue(int maxValue)

{

return rnd.Next(0, maxValue + 1);

}
Task 4:

The client wants a new game for teaching young children different languages, by converting numbers, colours and animal names into their foreign language equivalent. A child selects a language, whether to enter a number/colour/animal and then types in the English word to get the translation. Use an abstract class or interface and justify your choice.
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The application should use the Translator class like this:

Translator translation = new Translator();

FrenchTranslator french = new FrenchTranslator();

string translateNumber = “”;

translation.SpecifyLanguage(french);

translateNumber  = translation.TranslateNumber(“one”);
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