Worksheet 5. Classes
Classes and Objects
An object is a representation of an entity in the real-world

Objects can represent:

· Physical entities e.g. a car
· Intangible entities e.g. a job, an order

We can group objects in the real world based on the properties or behaviour they have in common e.g. everybody has a name, age, shoe size, etc

We can classify these groups (classification) e.g. animals that have feathers and wings are known as Birds.

So, each class has a name and is defined by the properties of the things (objects) in that class and what they are able to do. 
Likewise, when we write software we can divide our code into classes that determine the properties and behaviour of the objects they represent.

Think of database, you define the database table by declaring the names of the fields and the type of data they contain.
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You add records to the table, where each record contains the individual values for each field.
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Classes in code use the same principle:

	Class
	Database Table

	Has name
	Has name

	Defines attributes names and types
	Defines field names and types


	Object
	Record

	Create from class
	Created from table definition

	Contains unique values for each attribute
	Contains unique values for each field


Of course, each object (equivalent to row in database) has its own variable values but can also execute the behaviour/methods provided by the class used to create it.

	Everything that the software object knows (state) and can do (behavior) is expressed by the variables within that object and the methods associated with the class it is derived from. By “state” we mean that the object remembers what was previously done to it.
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Another way of putting this, is to see the class as the logical expression of the code and the object as the physical existence of the data the code uses.

We start by identifying classes. A common techniques is to read the requirements and identify the nouns e.g. user, customer, product, cart, order, etc.
Scenario 1:

On execution the application displays a dialog box that requires the user to enter their username and password, which are checked against a database. If the user successfully logs into the application, the users name, address and authorization (administrator or user rights) are loaded from the database. 
· Identify the nouns (bold underlined)

· Identify the attributes (underlined)

On execution the application displays a dialog box that requires the user to enter their username and password, which are checked against a database. If the user successfully logs into the application, the users name, address and authorization (administrator or user rights) are loaded from the database. 

The only class for which we can identify any attributes is the user class:

	Class Name
	User

	Parent
	None

	Attributes
	

	Name
	Type
	Initial Value
	Multiplicity
	Description

	userName
	string
	“”
	1
	The users username

	password
	string
	“”
	1
	The users password

	fullname
	string
	“”
	1
	The actual users real name

	address
	string
	“”
	1
	The users home address

	authorization
	string
	“”
	1
	Authorization rights for the user:

“User”, standard user rights

“Admin”, administrator rights


We can write the code for this class:
class User
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{

        // Attributes

private string _userName;

private string _password;

private string _fullname;

private string _address;

private string _authorization;

}

By convention, we use an underscore in front of each name to distinguish between normal variables and attributes of the class.

This is equivalent to the database table definition, to create an object (i.e. instantiate it) from the class we have to use the new operator. As with other variables, we have two steps a declaration and an initialization step.

Say we want to create an object from the User class. First we create a variable using the classes name for the variable type then use the new operator to create the object and store it in the variable. A class is sometimes referred to as a user defined type because we can use it as a variable type.
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Instantiation

(Create new object)

User myUser;

myUser = new User();

int count;

count = 10;

User myUser;

myUser = new User();

Standard type User defined type


Putting it together, we declare the class, declare a variable of that class type then initialize that variable using the new operator to create the object.

class User

{

         // Attributes

private string _userName;

private string _password;

private string _fullname;

private string _address;

private string _authorization;

}

….. Somewhere, in the code where we need a user….

User myUser;

myUser = new User();

This can be combined into one statement:

User myUser = new User();

Note:

What if you declare a variable using a class but don’t instantiate the object, then what does it contain?

User myUser;
( Haven’t used new yet so what does it contain??

Answer: 
Nothing or no object, which is represented by the keyword null.

You can also check if an object has been provided using this keyword.
if(myUser != null)

// Check if object exists

{

      // Code can now use object

}

The parenthesis following the class name makes it look like we are calling a function, which in a way we are. This function is known as the constructor i.e. there is a constructor called User().

Variables declared in a class are known as attributes. Attributes are similar to variables but are owned by the object we create from the class. They are almost identical to normal variables and obey variable naming rules, so attributes properties include:-

	Identifier
	Each attribute in a class has a unique name

	Value
	Stores a value

	Address
	Has a memory address because it’s stored in memory

	Type

	Kind of information
	Specifies the type of value that can be stored and therefore the operations that can be performed

	Memory Size
	The amount of memory required to store the value

	Lifespan
	Exists for as long as the object exists.


Note the lifespan is different than that from normal variables. Whereas normal variables only exist for the length of the code block they are declared within, an attribute exists until the object containing it is destroyed (see notes on Attribute Lifespan below).

In addition, attributes are different from variables because they can be used by all methods within a class and they have different levels of access (see notes on Access Modifiers below).

The point is that when you create an object it has its own set of attribute values and the object is stored in the variable. For example, if we have three users we could create the variables mike, bob and tom to represent the three users. When we instantiate an object, we are creating three sets of new attribute values as shown below:
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User mike = new User();

User bob = new User();

User tom = new User();

User myUser = new User();

}

“mike”,

“mikes 

password”,

“Mikes fullname”,

“Mikes Address”,

“Admin”

“bob”,

“bob password”,

“Bobs fullname”,

“Bobs Address”,

“User”

“tom”,

“tom password”,

“Toms fullname”,

“Toms Address”,

“User”

Four objects 

all with their 

own values

“someone”,

“some password”,

“some fullname”,

“some Address”,

“User”


Attributes Lifespan

Attributes are specified in a class, so they exist as part of the object we create from the class. When the object is no longer being used, the program will destroy it and all the attributes it contains. So the lifespan of an attribute is the same as the lifespan of the object containing it. When is the object destroyed? Well the object is stored in a variable, so when that is destroyed at the end of the code block then so is the object it contained.
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Constructors
When we create a new record in the database, we have to provide all the values for the record otherwise the values are undefined which is not a good thing.
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Likewise, when we create an object we want some way of setting all the initial values of the attributes it contains. To achieve this, we add a function inside the class which has the same name as the class. This special function never returns a value and doesn’t specify a return type. A simple constructor just copies parameter values passed in the constructor into the attributes of the object.
Note: When a function is declared in a class like this, we refer to it as a method instead. 
Therefore, classes define attributes and methods.
class User

{

        // Attributes

private string _userName;

private string _password;

private string _fullname;

private string _address;

private string _authorization;

// The constructor

public User(string userName, string password, string fullname, string address,

string auth)

{

_userName
= userName;

_password

= password;

_fullname

= fullname;

_address

= address;

_authorization
= auth;

}

}

….. somewhere, in the code where we need a user….

User standardUser;

User adminUser;

// Set the initial values when creating object

standardUser = new User(“tom”, “paswd”, “Tom Jones”, “Tree Rd”, “User”);

adminUser = new User(“bob”, “paswd”, “Bob Smith”, “Oak St”, “Admin”);

The important point here is that the statement


User myUser = new User(“tom”, “paswd”, “Tom Jones”, “Tree Rd”, “User”);

Implies two steps:

1. The new operator creates a block of memory, the object, which contains enough memory to store the attributes which in this case are the 5 strings _userName, _password, _fullname, _address and _authorization.

2. Once the memory is create the constructor, named User(), is called to set the values for these variables.
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User myUser = newUser(“tom”, “paswd”, “Tom Jones”, “Tree Rd”, “User”)

_userName = “tom”

_password = “paswd”

_fullname = “Tom Jones”

_address = “Tree Rd”

_authorization = “User”

User myUser = new User(“tom”, “paswd”, “Tom Jones”, “Tree Rd”, “User”)


You may want to add more than one constructor. For example, say we create a large number of users with standard user rights so we don’t want to just initialize the authorization rights every time.
class User

{

         // Attributes

private string _userName;

private string _password;

private string _fullname;

private string _address;

private string _authorization;

// The constructor

public User(string userName, 

string password, 

string fullname, 

string address,

string auth)

{

_userName
= userName;

_password

= password;

_fullname

= fullname;

_address

= address;

_authorization
= auth;

}

// Another constructor

public User(string userName, 

string password, 

string fullname, 

string address)

// No authorization required
{

_userName
= userName;

_password

= password;

_fullname

= fullname;

_address

= address;

_authorization
= “User”;
// Just set default rights

}

}

Now we have two ways to create objects…

User standardUser1;

User standardUser2;

// Set the initial values when creating object

standardUser1 = new User(“tom”, “paswd”, “Tom Jones”, “Tree Rd”);



standardUser2 = new User(“bob”, “paswd”, “Bob Smith”, “Oak St”, “User”);

We have overloaded the constructor so that we can create a new object using different parameters.

You can also create a constructor that takes no arguments, this is known as the default constructor because you will be expected to set the attributes to some default values.

Class User

{


.....


public User()

{

      // Just use default values

_userName
= “”;

_password

= “”;

_fullname

= “”;

_address

= “”;

_authorization
= “User”; 

}


.....

}

With a default constructor we can now create an object with no initial values provided.

standardUser = new User();
// Create use object with default values

Just out of interest

If a constructor is called when an object is created, is there a method that gets called when object is destroyed (no longer needed)? The answer is yes and it’s called a destructor and its written starting with a tilde.
class User

{

     public User()

     {


// Constructor

     }

     ~User()

     {


// Destructor

     }

}

Arrays of Objects

Just like standard variable types (i.e. int, double, string, etc), user defined types such as classes can also be used to create arrays. However, in this case the arrays contain objects.
Using our database analogy, imagine we have a database table called Product that contains three database rows.
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We can create a Product class which will store the same information:

class Product

{

    // Attributes

     private string _productName;

     private string _productDescription;

     private double _price;

     private int _quantity;

     // Constructor

     public Product(string name, string descr, double price, int quantity)

    {

          _productName = name;

          _productDescription = descr;

          _price = price;

          _quantity = quantity;

    }

     // Property (see later notes)

     public string Name

     {

          get

          {

               return _productName;

          }

     }

}

To store three Products in an array, we can create an array in the usual way:

Product[] products = new Product[3];

Then add the first product:

products[0] = new Product(“toaster”, “Toasts bread”, 20.0, 4);
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Product[] products = new Product[3];

products[0] = newProduct(“toaster”, 

“Toasts bread”, 

20.0, 

4);

products[1] = newProduct(“kettle”, 

“Boils water”, 

25.0, 

18);

products[2] = newProduct(“microwave oven”, 

“Heats food”, 

200.0, 

5);


Using the products from this array is easy, say we want to display the first products name:
Console.WriteLine(“Name is “ + products[0].Name);

Or display them all in a loop:

foreach(Product prod in products)

{

     Console.WriteLine(“Name is “ + prod);

}

We can also store arrays in a class, so if a Harbour class contains a specified number of Boat objects.

class Harbour

{

       // Attributes

       private Boat[]     _boats;

      // Constructor

       public Harbour(int numberBoats)

       {

               _boats = new Boat[numberBoats];
// Create array for the boats

       }

}

If we want a harbour with anchorage for 12 boats, we create the Harbour as follows:

Harbour devonHarbour = new Harbour(12);
Arrays of objects can still be passed as method arguments. For example, say we want to pass the harbour an initial array of boats that are docked when the harbour is created.

class Harbour

{

       // Attributes

       private Boat[]     _boats;

      // Constructor

       public Harbour(Boat[] initialBoats)

       {

               _boats = initialBoats;
// We are passed the array

       }

}

You program might look like this:

Boat[] someBoats;

Harbour cornwallHarbour;

someBoats = new Boat[3];

someBoats[0] = new Boat(“Pearl”);

someBoats[1] = new Boat(“Sealion”);

someBoats[2] = new Boat(“Grace”);

cornwallHarbour = new Harbour(someBoats);
(Pass in the initial boats

Classes are User Define Types

It is important to remember that classes can be referred to as user defined types, a “type” is the variable type similar to the primitive types string, int, double, bool, etc., and where the “user” refers to you the programmer. In other words, a variable type created by you. Wherever you would use a variable type, you can also use your user defined type or class e.g. when you declare a variable, declare an attribute in another class, passing an argument to a function (known as a method), etc.

For example, a Kennel contains a Dog. All dogs have names, a breed, age and fur colour. A kennel is painted a particular colour, can be made of wood or plastic and may contain a Dog. Although the dog may be in a Kennel, we want the details about the dog to be stored in a dog object.
enum DogBreed { Alsation, Boxer, Chiwawa }
class Dog

{

       // Attributes

       private string           _name;

       private DogBreed    _breed;

       private int                _age;

       private string           _furColour;

      // Constructor

       public Dog(string name, DogBreed breed, int age, string colour)

       {

               _name = name;
               _breed = breed;

               _age = age;

               _furColour = colour;

       }

}

enum Material { Plastic, Wood }

class Kennel

{

       // Attributes

       private string           _colour;

       private Material      _material;

       private Dog             _dog;                      ( Store Dog object in Kennel object

      // Constructor

       public Kennel(string colour, Material material, Dog dog)  ( Pass Dog here
       {

               _colour = colour;

               _material = material;

               _dog = dog;                             ( Store the dog
       }

}

Notice how the attribute _dog is of type Dog, because information about the dog being placed in the kennel will be held in the Dog object. Also, in the constructor the argument passed into the method is of type Dog.

Say dog owner has a dog...

Dog ownersDog;

ownersDog = new Dog(“Fido”, DogBreed.Alsation, 5, “Brown”);

... then we can give this dog a new home....

Dog ownersDog;

Kennel home;

ownersDog = new Dog(“Fido”, DogBreed.Alsation, 5, “Brown”);

home = new Kennel(“Red”, Material.Plastic, ownersDog);  ( Pass Dog to Kennel
Later, we will see that we can create method (i.e. functions in a class) that can also be passed and can return objects. So we might see code like this:

KennelFactory factory;

Kennel kennel;

// Build a new dog kennel

kennel = factory.BuildKennel();   ( Kennel returned from method

// Repair an existing kennel

factory.RepairKennel(kennel);     ( Kennel passed to method

Access Modifiers

When we created the attributes we marked them as private.

	private
	Attributes and methods are only accessible to methods within the class

	public
	No restrictions


Say we create a class with a private and a public attribute….
class Count

{

         // Attributes

private int _maxCount;

public int _currentCount;

// Constructor

public Count(int max)

{

_maxCount = max;

_currentCount = 0;

}

}

….. Somewhere, in the code where we need a count….

const int MaximumCount = 10;

Count cnt = new Count(MaximumCount);

cnt._maxCount = 20;

// Fails, can’t do this because it’s private

cnt._currentCount = 2;
// Works, current count is public so this is now 2

cnt._currentCount++;

// Works, current count is incremented to 3

Typically, we try to avoid making attributes public because we want to prevent the rest of our code messing with our classes values without checking what it’s doing. For example, we may want to make sure that the value doesn’t exceed some maximum value.

So we want to allow the code to read and set the value of an attribute but indirectly. Properties allow us to do just that.

Data Encapsulation:
This is the main reason of using classes. We want to avoid many parts of our code from changing the same variables. 

In procedural code, we talk about global variables that live outside of functions and are used willy-nilly by any function that wishes to read or modify them. If a global variable causes an error to occur it can be difficult to work out who changed it, when they changed it and why they changed it to a value that caused the problem. Therefore, the use of global variables is strongly discouraged and considered bad practice. In non OOP code, developers try to hide variables by restricting their access or visibility to just the code that needs them known as data hiding. 
In OOP, we ensure that the code that needs to change a specific set of variables (we know call attributes), lives in the same class as them and restrict access to them. This is known as data encapsulation. To prevent the attributes from being messed with by other code, we make them private to hide them. If you make an attribute public, you effectively violate the principle of data hiding.
Properties

When we add an attribute, we will also add a property as well.
class User

{

         // Attributes

private uint _age;

// Here is the property

public uint Age

{

get

// get accessor to allow us to read value
{

return _age;

}

set

// set accessor to allow us to set a new value
{

// The variable value is provided for us

// Check that the user is older than 0 years and

// less than 150 years old

if value > 0 && value < 150)

{

_age = value;

}

}

}

}

….. Somewhere, in the code where we need a User….

User user = new User();

int theAge;

user.Age = 20;
// Uses property set accessor
theAge = user.Age;
// Uses the property get accessor

To create a read-only property, don’t provide a set accessor.

Likewise, to create a write-only property, don’t provide a get accessor.

class User

{

         // Attributes

private uint _age;

public uint Age 
{ 
   get
// Read-only

   { 
return _age; 
   } 
         }



}
Adding Methods

Functions declared in a class are known as methods.

Classes consists of attributes which are the values required to solve the problem and methods for solving the problem using the attributes. So to solve bigger problems we can gather together all the related properties (attributes) and the behaviours (methods) required to solve it.
There is a big difference between a database table and a class, with a class we can not only specify the data it can store but also the behaviours that you can perform that will modify this data. In short, we can add method which will modify the values of the attributes of the class.
For example, say we want an Adder class to add numbers.

class Adder

{

// Attributes

// Store the result of adding the numbers

private int _total;

// Constructors

// Constructor to initialize the sum

public Adder()

{

_total = 0;

}

}

We can now add a method that takes two numbers and adds them.
class Adder

{

// Attributes
// Store the result of adding the numbers

private int _total;

// Constructors
// Constructor to initialize the sum

public Adder()

{

_total = 0;

}

// Properties
// Methods
// This method changes the _total value for the object calling it.

public int Add(int num1, int num2)

{

_total = num1 + num2;

return _total;

}

}

Calling a Method
To call a method on an object, use the name of the object (i.e. variable name) followed by a dot and the name of the method. Calling an objects method, changes the attribute values associated with just that object.

Adder adder1 = new Adder();

int result;

// This call changes the _total attribute value for the

// adder1 object calling it.

result = adder1.Add(10, 20);

// result is 30

We are calling the Add() method on the adder1 object to change the values in the adder1 object.

If we have two Adder objects, they both have _total attributes and they store their own values in it, so calling the Add() method on each object only effects the values of the object that method is being called on (just like each row in a database table contains unique values).

Adder adder1 = new Adder();

Adder adder2 = new Adder();

adder1.Add(2, 3);     ( The adder1 object contains 5
adder2.Add(4, 5);     ( The adder2 object contains 9
Don’t get confused, although the code in the class reads like this....

public int Add(int num1, int num2)

{

        _total = num1 + num2;

        return _total;

}

.... the _total attribute value is unique to each object, so the method is changing the value for the object the method is called on.

In fact, you can explicitly refer to this object using the keyword this., so the code could be written like this:

public int Add(int num1, int num2)

{

        this._total = num1 + num2;     ( this refers to the object the method is called on
        return this._total;

}
Old Programming Joke:

How many object-oriented programmers does it take to change a light bulb?

Answer: None, you just tell the light bulb to change itself.
We are quite pleased with this Adder class, but would like to use our class to keep a running total by providing numbers one at a time. Like this:

Adder adder1 = new Adder();

adder1.Add(4);

adder1.Add(8);

adder1.Add(2);
// total is 14

We can use the same method name provided the types, number of parameters or order of the parameters being passed to the methods are different (known as their signatures). Different return types alone don’t produce different signatures.

	Method
	Signature

	public int Add(int num1, int num2)
	Add(int, int)

	public void Add(int num)
	Add(int)


This is known as overloading methods. Sometimes this is also referred to “early binding” or “compile time polymorphism”. Be careful, using the term “polymorphism” here is just referring to allowing a class to have multiple methods with the same name and different signatures. The compiler works out which method to call and this is fixed in the executable, so never changes at runtime. Hence, “early binding” refers to the link between the called method and the method being called being established before the code is executed.

So we can have two Add() methods as follows:
class Adder

{

// Attributes
// Store the result of adding the numbers

private int _total;

// Constructors
// Constructor to initialize the sum

public Adder()

{

_total = 0;

}

// Properties
// Methods
public int Add(int num1, int num2)  ( Signature (two arguments int, int)
{

_total = num1 + num2;

return _total;

}

public void Add(int num)    ( Signature (one argument int)
{

_total = _total + num;
// Running total

}

}

Let’s add a property to read the total

class Adder

{

// Attributes
// Store the result of adding the numbers

private int _total;

// Constructors
// Constructor to initialize the sum

public Adder()

{

_total = 0;

}

// Properties
// Read-only because we just want to return the total

public int Total

{

get

{

return _total;

}

}

// Methods
public int Add(int num1, int num2)

{

_total = num1 + num2;

return _total;

}

public void Add(int num)

{

_total = _total + num;
// Running total

}

}

Say we want to reset the total, use another method:
class Adder

{

// Attributes
// Store the result of adding the numbers

private int _total;

// Constructors
// Constructor to initialize the sum

public Adder()

{

_total = 0;

}

// Properties
// Read-only because we just want to return the total

public int Total

{

get

{

return _total;

}

}
// Methods
public int Add(int num1, int num2)

{

_total = num1 + num2;

return _total;

}
public void Add(int num)

{

_total = _total + num;
// Running total

}

public void Reset()

{

_total = 0;

}

}

….. Somewhere, in the code where we need to add numbers….

Adder  totalize = new Adder(0);
int total;

totalize.Add(2, 3);

// total is 5

totalize.Add(4);

// total is 9

total = totalize.Total;

// Read 9

totalize.Reset();

// total is 0

Writing a Class
All classes should be written in the four sections as previously described. Also include the comments “Attributes”, “Constructors”, “Properties”, “Methods” and “Operators” (“Operators” is optional) to clearly delineate these sections.
public MyClass

{


// ************************************


// Attributes


// ************************************


private int _someAttribute;


// ************************************


// Constructors


// ************************************

public MyClass(int initialValue)

{


_someAttribute = initialValue;

}


// ************************************


// Properties


// ************************************


Public int SomeAttribute

{


get { return _someAttribute; }

set { _someAttribute = value; }

}


// ************************************


// Methods


// ************************************


public void SomeMethod()


{



Console.WriteLine(“Value is “ + _someAttribute);

}

}

Namespaces
Namespaces restrict a names scope, making it meaningful only within the defined namespace. In other words, every .Net classes lives in a namespace and to use it you must include the namespace. To allow classes to be divided into manageable groups, these namespaces are arranged hierarchically. For example, to use the StringBuilder class which lives in the System.Text namespace you can specify its namespace path and class name e.g.

System.Text.StringBuilder builder = new System.Text.StringBuilder();

Since this a bit cumbersome, instead of specifying the fullpath of the class we can imply the path with a using statement at the top of the file as follows:

using System.Text;

With the path implied you can drop the qualifying path in front of the class name, so the above code simply becomes:

StringBuilder builder = new StringBuilder();

Analogy:

Amazons web pages exist on Amazons website but to read them you have to use the URL www.amazon.com e.g. www.amazon.com/books.aspx
Static

When we were writing functions in the Console application, we were using the keyword static. If the attribute is static then the value of this attribute is shared between all the objects created by the class. For example, if we create a Counter class we can create an object and increment the same count value.

class Counter

{

     static int _count = 0;

      public void Increment()

     {

          _count = _count + 1;

      }

}

In our program, we can increment the same count value creating any Counter object.

Counter counter1 = new Counter();

Counter counter2 = new Counter();

counter1.Increment();
// Use counter1 to increment count

// _count is now 1

counter2.Increment();
// Use counter2 to increment the same count

// _count is now 2

Use can also use static methods that can change static attributes without creating the object. For example, to increment the counter above we have to create an object first which is very inconvenient so let’s just use the class. Making the Increment() method in the above class we get:

class Counter

{

    static int _count = 0;

    public static void Increment()

    {

        _count = _count + 1;

    }

} 

In our program, we can increment count like this.

Counter.Increment();
// No object required, just increment the counter
Actually, you have already been using examples of static methods in you Console applications.

class Console

{

     public static void WriteLine(string text)

     {

          // Display text on screen

     }

     public static string ReadLine()

     {

          // Read entered line of text

     }

}
Which you used as follow:

Console.WriteLine(“Hello World”);
Class Diagram

To help us to define the contents of the class, we can use a class diagram. A class is drawn as a rectangle divided into three parts showing the classes name, it’s attributes and its methods & properties.
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To indicate the access modifier private or public, each attribute, method or property starts with a + (public) or – (private).

Attributes are written with the name first followed by a colon then the attribute type.

_total:int
( an integer attribute called “_total”
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	class Adder

{

     // Attributes

     //  -_total:int
     private int _total;

}


A constructor is a method named after the class with no return, here are some examples showing (a) default constructor, (b) constructor with taking an integer argument and (c) a class with providing both constructors.
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	class Adder

{

     // Attributes

     //  -_total:int
     private int _total;

     // Default constructor

     // Initialize the attributes

     // +Adder()
     public Adder()

     {

          _total = 0;

     }

}


Other methods can also be provided, the return type of the method is shown at the end of it’s signature. For example, to show a method that adds two integers and returns the result:
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	class Adder

{

    // +Add(in num1:int, in num2:int) : int
     public int Add(int num1, int num2)

     {

           return num1 + num2;

     }

}


Properties are not specifically shown in a class diagram. If a method is shown that takes no parameters and clearly returns a specific attributes value then this can be written as a property. For example, our Adder class has an attribute _total and a property Total. (Remember, either the get or the set accessor are optional)
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	Class Adder
{

     // Attributes

      private int _total;

      // +Total():int
      public int Total

      {

            get

            {

                  return _total;

            }

            set

            {

                  _total = value;

            }

      }

}


The following shows how the complete Adder class would be drawn:
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Compare this diagram with the code for the Adder class we previously developed.
Lists
A large number of classes are already provided for us by the .Net framework, but here we are just going to look at the List class. To use this class you must include the System.Collections.Generic namespace near the top of the file as follows:

using System.Collections.Generic;
Here’s a simplified class diagram for the List class:
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This class is slightly different than our classes because the list can contain any type of object we want to store. When we create the List object we have to specify the type of data to store, and we do this using < > specifiers.
List<datatype> myList = new List<datatype>();

For example:

List<string> myStrings = new List<string>();
// To store strings

List<int> myIntegers = new List<int>();

// To store integers
Now we can just add as many integers values as we want to the list.

List<int> myList = new List<int>();

int someNum = 9;

myList.Add(someNum);

myList.Add(12);

myList.Add(4);

myList.Add(6);

myList.Add(8);

To get the number of items you’ve added to the list you can use the Count property.
int numEntries = myList.Count;

To empty the list you can clear it:

myList.Clear();

You can read through the list using a foreach loop as follows:

List<double> priceList = new List<double>();

double total = 0;

priceList.Add(10.20);

priceList.Add(9.30);

priceList.Add(8.50);

priceList.Add(9.99);

foreach(double price in priceList)
{

total = total + price;

}

Storing Objects on a List

As well as storing int’s, double’s, string’s, etc, you can store objects on a list.
For example, say we have a class Boat then we can create a list of boats.

List<Boat> boatList = new List<Boat>();

Boat rowingBoat = new Boat(“Pearl”);
// Each boat has a name
Boat luxuryBoat = new Boat(“Oyster”);

Boat sailingBoat = new Boat(“Seal”);

boatList.Add(rowingBoat);

boatList.Add(luxuryBoat);

boatList.Add(sailingBoat);

// Launch the fleet of boats

foreach(Boat boat in boatList)
{

boat.Launch();

}

Say we want to launch a boat by its name then we need to search the list and we could create a method like this:

class Harbour

{


// Attributes

// -boatList:Boat 


private List<Boat> _boatList;

// Constructor

// +Harbour()
public Harbour()

{


_boatList = new List<Boat>();

}

// +AddBoat(in boat:Boat) : void
public void AddBoat(Boat boat)

{


_boatList.Add(boat);

}


// +FindByName(in name:string) : Boat
public Boat FindByName(string name)

{

foreach(Boat boat in boatList)

{


if(boat.Name == name)


{


// Found boat with same name, stop searching


// and return it



return boat;

}

}

return null;
// No boat found, null represents no object
}
}

….. use it like this.

Harbour harbour = new Harbour();
Boat myBoat;

// Add some boats

harbour.AddBoat(new Boat(“Pearl”));

harbour.AddBoat(new Boat(“Oyster”));

harbour.AddBoat(new Boat(“Seal”));

// Search for the boat called Pearl

myBoat = harbour.FindByName(“Pearl”);
// Check if boat has been found then launch it

// null means no boat found

if(myBoat != null)

{

myBoat.Launch();

}
Diagrammatically we could draw this as follows:-
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Often a class uses other objects of other class types. To show this association, we draw a line between the classes. This line shows that the Harbour holds a reference to a Boat, the * shows that the harbour contains many boats i.e. a list of boats called _boatList.

The diagram for the above sequence of code calls is also shown below:
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 Additional Notes
Who’s this?

The code you write in a class is implicitly using the object when using its attributes, properties and methods. Therefore, you don’t have to specifically refer to the object itself e.g. say we have a method that copies the contents of another object of the same type.

class House

{

    // Attributes

    // -_address:string
     private string _address;

    // Constructor

    // +House(in address:string)
    public House(string address)

    {

        _address = address;

    }

    // + ChangeAddress(in house:House) : void
     public void ChangeAddress(House house)

     {

            _address = house._address;
// Implicit

     }

}

However, you may want to explicitly state that you are using the current object using the this keyword.

class House

{

    // Attributes

    // -_address:string
     private string _address;

    // Constructor

    // +House(in address:string)
    public House(string address)

    {

        _address = address;

    }

    // + ChangeAddress(in house:House) : void
     public void ChangeAddress(House house)

     {

            this._address = house._address;
// Explicit

     }

}

Both the above give identical results and would be used like this...

House clairesHouse;

House myHouse;

clairesHouse = new House(“4 Oak Rd”);

myHouse = new House(“12 Sycamore Dr”);

// Moved into Claire’s house

myHouse.ChangeAddress(clairesHouse);  ( myHouse has same address as Claire’s

We only ever really need to know this if we want to use the object e.g. say we have a Street class to which we can add houses but we want the House class to add itself to a street. 

class Street

{

     // Attributes     

     // -_houseList:House 

     private List<House> _houseList;

     // -_streetName:string

     private string _streetName;

     // Constructor

     // +Street(in streetName:string)
     public Street(string streetName)

     {

          _houseList = new List<House>();

          _streetName = streetName;

     }

     // +AddHouse (house:House) : void
     public void AddHouse(House house)

     {

            _houseList.Add(house);
// Add the house object to the List
     }

}

class House

{

     // Attributes     

     // -_houseNumber:int 

     private int _houseNumber;

     // Constructor

     // +House(in houseNumber:int)
     public House(int houseNumber)

     {

          _houseNumber = houseNumber;

     }

     // +AddToStreet(street:Street) : void
     public void AddToStreet(Street street)

     {

            street.AddHouse(this);
// Add this house object to the provided street
     }

}

We would use this something like this....

Street  oxfordStreet;

House myHouse;

oxfordSteet = new Street(“Oxford St”);

myHouse = new House(22);

// Add the house at number 22 to the Oxford St

myHouse.AddToStreet(oxfordStreet);     ( The house adds itself to the street !!
Reference Types
Up to now, whenever we pass parameters to a method they have been value types (at least most them have been) such as int, float, double, etc. When we create objects using our classes, they are reference types and they behave slightly differently when used as parameters. For value types the contents of the variable (its value) is copied to the parameters but for reference types the memory address is copied. So if we pass an object into a function we are really changing the value of the original object not a copy.

Say we have a method….

void SetValue(int num)

{

}

… we use it like this….

int temp = 10;

SetValue(temp);

Console.WriteLine(“Value of temp is “+temp);
// temp is still 10

Now say we have a class….

class MyClass

{

      // Attributes 

      // - _temp:int

private int _temp;

//  Properties

// +Temp : int
public int Temp

{

get

{

return _temp;

}

set

{

_temp = value;

}

}

}

…and a method….
// +SetObjectValue(in obj:MyClass) : void
void SetObjectValue(MyClass obj)

{

obj.Temp = 20;

}

….. we use it like this …

MyClass myObject = new MyClass();

myObject.Temp = 10;

// Object contains 10

myObject.SetObjectValue(myObject);

// Object now contains 20

Console.WriteLine(“Value of temp is “+myObject.Temp);
// temp is now 20

Passing Reference Types by Reference.

What if we pass a reference type by ref or out?

In this case, the method can swap the entire object rather than just changing the values contained in it.

public void SwapIt(MyClass obj)

{


obj = new MyClass();
( obj now contains a new object

}

Operator Overloading

Previously in the notes we were discussing an Adder class that kept a running total and provided Add() methods for keeping a running total. Let’s say we want to add and subtract values from the total then we might write methods to do this but operator overloading allows us to use “real” operators instead.
In both cases, we will use the same constructor for comparison purposes.
public Adder(int initialTotal)

{

     _total = initialTotal;

}

Now comparing both techniques:

	Using methods

	public void Add(int num)

{

      _total = _total + num;


 }

public void Subtract(int num)

{

      _total = _total - num;


 }

	Using operators

	// +operator+(in num1:Adder, in num2:int) : Adder
public static Adder operator +(Adder num1, int num2)

{

     return new Adder(num1._total + num2);

}

// -operator+(in num1:Adder, in num2:int) : Adder
public static Adder operator -(Adder num1, int num2)

{

     return new Adder(num1._total - num2);

}


Using the methods we would write:
Adder myAdder = new Adder();

myAdder.Add(10);

myAdder.Subtract(5);

Using operators we would write:

Adder myAdder = new Adder();

myAdder = myAdder + 10;

myAdder = myAdder – 5;

myAdder += 20;


// Add 20 to myAdder

You can overload operators just like overloading methods e.g. by adding another + operator to add two Adder objects together.
public static Adder operator +(Adder num1, int num2)

{

     return new Adder(num1._total + num2);

}

public static Adder operator -(Adder num1, int num2)

{

     return new Adder(num1._total - num2);

}

public static Adder operator +(Adder num1, Adder  num2)

{

     return new Adder(num1._total + num2._total);

}

So we can also write:

Adder myAdder1= new Adder(5);

Adder myAdder2 = new  Adder(6);

Adder result;

result = myAdder1 + myAdder2;

result += myAdder2;

You can also override the increment/decrement

public static Adder operator ++(Adder num)

{

     num._total = num._total + 1;

     return new Adder(num._total);

}

Now we can increment the total:

myAdder++;
// Increment the total by 1
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