Class Diagrams
Establish our Classes and Relationships between them:

Once we have the requirements we can identify the classes required. Class diagrams allow us to specify the attributes and the behaviours of each class, as well as showing how they are related.
To identify candidate classes from Use Case Documents, a method called CRC cards is often used.

Class/Responsibility/Collaboration (CRC) Cards

The first step in constructing a class diagram is to identify objects in the problem domain. These may be physical objects, such as people or documents; organisational entities, such as companies or departments; transactions, such as orders or loans, etc. All the objects identified at this stage should be understandable as part of the real-world problem domain.

One useful source of objects is the initial problem brief, which is a short, high-level statement of the problem area and the intended system.  Remember that objects are 'things', which are represented in English grammar as nouns. Therefore, every noun and noun-phrase in this statement should be underlined as a potential object, or candidate class. (Attributes tend to be adjectives, while operations are verbs).

Examine each noun in the description and consider whether it meets the following criteria:

· It’s a thing or a family of things
· It’s part of a problem to be solved

· It’s not part of the implementation details

· It’s not an event or occurrence

· It’s not a property of a thing

	Type of noun
	Example
	It’s likely to be..

	A family of things
	Person, Product
	Class

	A proper noun (name)
	Tom
	Object

	A property of something
	Age, Colour
	Attribute

	A value or data
	22 years, red
	Attribute’s value

	A condition of a thing
	Brand new, open, ready
	State

	An occurrence, event or time
	Added to cart, purchasing
	Operation to be performed

	Part of the implementation
	Database
	Leave for design


Ref: UML 2 for Dummies

Next, study the list of potential objects and reject those that are unsuitable for use as the basis for classes.  According to Britton and Doake (2000), objects should be rejected if they are:

· Duplicates (different names for the same thing).

· Irrelevant (not part of the intended system).

· Vague (words such as 'item' which have no precise meaning).

· General (some words, such as system, are too broad).

· Attributes.  One of the best tests for a class is to consider what we need to know about it.  We sometimes discover, with words such as department, for example, that we are only interested in the department as part of another class (an attribute of an employee class perhaps). 

· Associations.  Sometimes, words appear to be objects but actually represent associations or relationships between objects.

· Roles. Sometimes, objects may be referred to by the role they play in a particular part of the system.  When potential classes, we must be careful to pick the name that corresponds to the basic identity of the class, such as employee, rather than, say, cleaner, or clerk.

· Implementation constructs. Classes relating to how the system may be implemented are not part of the class diagram at this early stage, although they may be added later, during design.

We also need to consider whether any classes have been missed out at this stage.  Some of the important sources of objects and classes are expert knowledge of the problem domain, a general understanding of the environment in which the system will operate, and common sense.

Example CRC Card for a class CarPark
	CarPark

	Responsibilities (knowing and doing)
	Collaborator (helper)

	Know the capacity of the car park

Know the number of free spaces in the car park and inform the Full Sign

Increment the number of spaces left in the car park each time a car leaves.

Decrement the number of spaces left in the car park each time a car arrives.
	Barrier

ExitBarrier

EntranceBarrier


The collaborators are other classes that provide behaviours (i.e. methods) that are used by the CarPark class to fulfil its responsibility. For example, the EntranceBarrier class informs the CarPark class when a car enters the car park and allows it to decrement the number of available spaces.

Class Diagrams

A class is drawn as a box consisting of three parts, which are the name of the class, the attributes of the class and a list of the methods.
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Attributes
Attributes are the pieces of information that we need to know about classes (and when instantiated into objects, these attributes hold values which define the state of an object at a point in time).  The problem brief is often a useful source of attributes; they can be identified from phrases, such as 'the number of the member of staff', and 'the 'numbered card'.  Use cases, scenarios, and knowledge of the problem domain are also important sources.

· Attributes that are not relevant to the specific problem should be avoided; for example, we would not hold information on the cost of a card, as it is not needed in this system.

· Avoid storing information unnecessarily - reject attributes that can be derived from others.  For example, if we decided to record the time of entry and the time of exit of a car, we should not also record the car's time in the car park.

· At this stage, avoid attributes that relate to implementation, such as pointers to other classes; these will be added later on.

· If we are recording the same details for two different classes, one of the classes is superfluous (e.g. 'staff card' records the same details as 'employee').

· Do not retain classes for which we do not need to retain information, and which provide no functionality to the system.

It is also possible to show the visibility of the attribute on the diagram.  Visibility relates to the level of information hiding to be enforced for the attribute.  The visibility of an attribute can be:

	+
	public: an attribute that is not hidden from any other object.  As such, other objects can use/access the data and modify its value.

	#
	protected: an attribute that is hidden from all other classes except its immediate subclasses.

	-
	private: an attribute that is hidden from all other classes.


The default visibility for an attribute is normally private.
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Task 1:

A games arcade owner has 50 arcade machines each fitted with a device to report back to a central management unit each day. Each unit provides its name, the number of coins it contains, the total value of its takings, the number of games played and the number of winners. The management unit displays a table of these details, one row per machine. In addition, the profits should be calculated and displayed before and after VAT (which is 15%).

Identify the classes & attributes then draw the class diagram.

Provide a detailed explanation of the diagrams and the design that you produce, including a discussion of the symbols used and also include references.

Methods (also known as Behaviours or Operations)

Objects do not just 'know things', they also 'do things'.  Operations describe actions that the objects of a class can perform (in response to some trigger - a message or request). An operation is defined by its name and, in the later stages of development, by a list of arguments and type of result. 

A very effective way of identifying operations is to use scenarios, which are descriptions of particular sequences of interactions between the user and the system.

All classes tend to require operations that create instances of objects, delete objects, access individual attribute values, etc. However, at this early stage of development, avoid cluttering up the diagram with such basic operations; focus on the important domain specific operations, and those that are unique to the class.

Operations are followed by parentheses that contain the parameters needed by the operation.  To perform the operation 'CurrentAge', for example, we would need to specify the parameters (currentDate minus dateOfBirth).  If an operation has no parameters, the parentheses are still shown but are empty.

The return type is shown after a colon following the paranthesis:

MethodName(paramName1 : type, paramName2 : type) : return type
For a constructor, the MethodName is the same as the class name and return type is not necessary so is omitted.

For example, to add two integer numbers and return the integer result we might write:

Add (num1 : int, num2 : int) : int

It is also possible to show the visibility of the operation on the diagram (in the same way as attributes).  For example, to make the method public we would precede the name with a plus sign (+)
+ Add (num1 : int, num2 : int) : int

Finally, in Microsoft Visio the kind of parameter may also be shown, we would normally just use in but here is description of the others:

	in
	Typically used. In C# these are the parameters passed by value.

	out
	The value passed into the method (may be uninitialized) is ignored and a new value is returned in the parameter. In C#, corresponds to parameters marked with the out keyword.

	inout
	The value passed in is used but the method can return a new value in the parameter. In C#, corresponds to parameters passed by reference with the ref keyword.


The parameter kind is shown just before the parameters name.

+ Add (in num1 : int, in num2 : int) : int
Here’s an example of a class that demonstrates many of the features just discussed:
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Note: If you want to indicate a list or an array is being passed to the method, you can specify multiplicity with the method argument e.g. to show that we want to add all the numbers in a list we might create a method that is passed a list like this:
+Add (in numbers : int [0..*]) : int                  ( Note the [0..*] suffix
Associations
An association is a meaningful relationship between classes.
Association ( indicates that instances of certain class associate i.e. communicate with each other, and thus work together.

The association between the classes is shown by the line joining them.  The association can be named, as shown here. Some texts say that this is frequently omitted in order to reduce clutter on the diagram, other texts say that all associations must be given names because it expresses the intent of the relationship to the reader. The optional small solid triangle allows a direction to be associated with the relationship just to increase readability.
A student studies a course:
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The numbers and asterisks on the line indicate the multiplicity of the association: the numbers of objects of each class that may be connected in this way.  The example above says that a student must study one or more courses, whereas a course may exist without any students.  Alternatively, read this as a student is connected to one-to-many courses and a course is connected to zero-to-many students.
Firstly it must be stated that the UML is very vague about what the nature of relationship that exists between the classes in an association. There is often disagreement between developers. The following discussion describes the conventions that we will adopt.

Firstly, we begin by considering what multiplicities imply. The notations used to specify different multiplicities in association (and aggregation) are as follows:

	Zero or one
	0..1

	Exactly one
	1 (or may be omitted)

	Zero, one or many
	* or 0..*

	One or more
	1..*

	An exact number
	e.g. 2, 3 , 24

	A range
	e.g. 2..4, 8..*


Using the following figure, we can interpret these as:
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	1
	A student instance must be linked with one instance of a course.

	* or 0..*
	A student instance may be linked with zero or more course instances.

	0..1
	A student instance may be linked with zero or one instance of a course.

	1..0
	A student instance must be linked with at least one or more course instances.

	N
	A student instance must be linked with N course instances.


If the multiplicity is just one then a variable is required, if x-to-many then a List is required and if an exact number greater than one is required then an array is required.

When instances of both classes invoke methods on each other, the association is bi-directional i.e. the association can be navigated in both directions. This also implies instances of both classes maintain links to each other so that they can execute these methods. Take this example,
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….here’s how this might be coded….
	class Student

{

     // 1..* courses required

     private List<Course> _courses;

     private string _name;


     // Constructor

     // Student must study a course so we
    //  will require a course be provided

    // when creating the student.

     public Student(Course crs)

      {

            _courses.Add(crs);

            crs.Enrol(this);

      }

     public void AddCourse(Course crs)

     {

           _courses.Add(crs);

          crs.Enrol(this);

     }

     public property string Name
     {

           get

           {

                 return _name;

           }

     }

}
	class Course

{

      // 0..* students required

      private List<Student> _students;

      // Enrol a new student on course

      public void Enrol(Student stud)

     {

           _students.Add(stud);

     }

     Public string PrintStudentNames()

     {

           string names= “”;

          foreach(Student s in _students)

          {

                names = names + s.Name;

          }

          return names;

     }

}


Course crs = new Course();

Student stud = new Student(crs);
// Must provide a course when creating student

Typically an instance of one class invokes methods on an instance of the other (uses the other to perform operations), and the association can only be navigated in one direction (uni-directional). This is shown by an arrow:-
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Reading the multiplicity we get: the cart contains one-to-may products, and a product is contained in zero-to-many carts. Alternatively, read this as the “Cart is connected to one-to-many Products”. 

Here the instance of the Cart class invokes methods on instances of the Product class.

This also implies that only the Cart needs to maintain links to instances of Products and the Product doesn’t need a link to the Cart because the Product class will never execute methods on the Cart instance. 
Here’s how this might be coded….

	class Cart

{

     // 1..* products in cart

     private List<Product> _productList;


     // Constructor

     // Don’t need cart unless we have

    // a product to add to it

     public void Cart(Product prod)

     {

            _productList.Add(prod);

     }

     public void AddProduct(Product prod)

    {

            _productList.Add(prod);

    }

    public double Total()

    {

          double total = 0;

           foreach(Product p in _productList)

           {

                total = total + p.Price;

           }

           return total;

     } 

}
	class Product

{

     Private double _price;

      public property double Price
     {

          get

          {

               return _price;

          }

          set

          {

                _price = value;

          }

     }

}


The multiplicity applied to the Product class doesn’t require any attribute to be added to the Product class, instead it defines the way that it can be used.
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In this case, the zero-to-many multiplicity implies that product instances are created once and added to many carts.

Product prod1 = new Product();

Cart cart1 = new Cart(prod1);
Cart cart2 = new Cart(prod1);

If we change this multiplicity to one then it implies that a new product instance is required for each cart.
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Product prod1 = new Product();

Product prod2 = new Product();

Cart cart1 = new Cart(prod1);

Cart cart2 = new Cart(prod2);

Note: 
You might expect a bi-directional navigability to be shown by two arrows but the default case (no arrows) is usually taken to represent this instead.
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You may actually show more than one association between the same classes e.g. a Customer may rent or buy a House.
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The customer buys one or more houses and a house can be bought by just one customer. The customer rents one house and a house can be rented by one or more customers. (This implies two lists, one in the Customer class for homes owned by a customer and one in the House class for tenants renting the house).
This is another good reason to name the association.

Association Roles (also known as association ends)
Role(describes in a single name how a class behaves in association to another class.
· A name is shown on the association line next to the class that plays some role in relationship to another class.

· You use roles to help clarify the nature of the behaviour that an instance exhibits when it’s linked to an instance of another class.

UML2 Dummies Guide

These become the names of the attributes e.g.
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public class Cart

{


private List<Product> _productList;

}

Note: The diagram implies that the product is created then stored in a cart, which might be coded as follows:
Cart theCart = new Cart();

// Create a cart

Product prod1 = new Product();
// Create some products

Product prod2 = new Product();

theCart.AddProduct(prod1);

// Add the products to the cart

theCart.AddProduct(prod2);

You can show roles at both ends of the association e.g. the customer owns a cart and a cart is owned by a customer.
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To help readability, this can also be drawn with an optional arrow after the name.
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This is coded as follows:
public class Cart

{


private Customer _owner;

}

public class Customer

{


private Cart _ownedCart;

}

These could be connected as follows:

Customer theCustomer = new Customer();
// Create a customer

Cart theCart = new Cart(theCustomer);
// Create a cart for this customer

theCustomer.AddCart(theCart);

// Tell the customer that this is their cart

Associations without multiplicity
We can create associations that look like this:
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We interpret the lack of multiplicities as transient relationship between the classes i.e. they don’t maintain references to the objects as we saw before. So in this case, the code might look like this:

	class Formatter

{

     public void ApplyStyle(
                                  Document doc)

    {

            // Do some work
            Style style = new StyleX();

            doc.ApplyStyle(style);

    }

}
	class Document
{

     public void Format(Formatter format)

    {

            format.ApplyStyle(this);

    }

     public void ApplyStyle(Style style)

    {

            // Use new styling

    }

}


A uni-directional relationship can also be drawn e.g.
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This implies that the Factory is using the Widget. Actually, in this case it is “using” the constructor of Widget to build widgets like this:

class Factory

{

     public Widget BuildWidget()

    {

            // Create the Widget
            Widget widget = new Widget();

           // Do some work on Widget

            return widget;

    }

}

What if we want have a multiplicity indicated at just one end e.g.
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Here the implication is that the Accumulator is storing a list of ComplexNumbers and then sums them later when SumNumbers() is called. The lack of a mulitiplicity implies that the ComplexNumber class never needs a reference to the Accumulator class, although the uni-directional relationship gives us this information anyway. So the result is the same as specifying a multiplicity on the both sides as we saw before. However, now we don’t know whether the same ComplexNumber object can only be added to just one Accumulator object or as many as we want. UML gives us the choice whether we want to specify this, and in this example we decided we didn’t. Omitting the uni-directional relationship in this case wouldn’t make much sense because the ComplexNumber class has no reference to the Accumulator so two-way communication is not possible.
Note:

As we have already noted, the UML is not clear about what is meant by a “relationship”. It might therefore be the case that you want to imply that a class’s method is passed a number of objects for processing but never stores them. It might look like this:
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Here we are interpreting this as the SumNumbers() method being passed a list of ComplexNumbers which it then reads through calling methods on each number before returning the sum. Notice the suffix [0..*] added to the “numbers” argument passed to SumNumbers() to indicate that this a list being passed. 
However, this could get confusing so on the whole I would suggest that we stick to thinking of multiplicity as implying that a class is keeping a reference to objects of the other class’s type.
A Complete Example

A stock control system allows customers to order multiple products, with each order containing one or more products. I haven’t shown any methods in these classes to focus on the associations and attributes, but it shows the level of detail required. There are probably more notes than would be expected attached to this diagram, but you can see how they can be very useful.
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Task 2:

A room booking system is designed to store the details for a number of rooms, room bookings, the computers in those rooms and the lecturing staff. Each room has a number and contains up to 25 computers. The lecturer’s names and the names of up to 6 different courses they teach are also stored. Likewise, each computer has a name and list of software that has been installed on it. When a room is booked, the room, lecturer and the bookings date & time are recorded.
A BookingSystem class is also required, and here it is:
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RoomBooking is also a class that you will need.
Develop the class diagram for this application. Note: You don’t necessarily need to define any methods for these classes but you may add the constructors.

Association Classes

Sometimes you need a third class to provide data that is used by both classes in an association. If a Client rents Cars, the day of rental doesn’t belong with either of these classes but with the association i.e. we need a third class to contain this attribute. This object may be stored in the Client or passed when a method is called.
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Another example, a Theatre Company authorizes an Agent by signing a Contract.
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This is not used that often, so you are unlikely to require this relationship.

Composition and Aggregation
Composition and aggregation are subsets of association meaning they are specific cases of association i.e. 
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A has a B, and B can outlive A

Aggregation is important because it hides complexity, the “whole” class and its associated parts can be drawn on a separate class diagram.
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On a separate diagram we draw the Car class. For an aggregation the objects that form the “parts” are passed to the object that forms the “whole” (or are created and made available by it as a property or return from a method) but may simultaneously be used by other objects.

[image: image25.emf]+ChangeTyre(in wheel : int, in tyre : Tyre) : Tyre

-_tyres : Tyre

Car Tyre

1

-_tyres

4

Car Has Parts

à ß

A Part Of Car


In the above, the Car requires 4 tyres but a tyre may need to be changed if it gets a puncture. Say we are writing an application for a garage that needs to track the tyres fitted to each car, new tyres, tyres being repaired and tyres being scrapped, etc.

public class Car

{


public Tyre ChangeTyre(int wheel, Tyre tyre)


{



Tyre oldTyre = _tyres[wheel];
// Remember the old tyre



_tyres[wheel] = tyre;
// Replace with new tyre



return oldTyre;
// Return the replaced tyre

}

}

The object oldTyre that we return may outlive the car object, because it may now be stored in the garage or even fitted to a different car.

The point of an aggregation relationship is that it shows that the Car needs 4 tyres otherwise it’s not usable.

Note:

Actually there is some debate about the difference between association and aggregation. For some, there is no difference and aggregation is seen as irrelevant. Others say aggregation occurs when a class maintains pointer or reference to another object. This begs the question, earlier we said that the following UML diagram…..
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…implied the following code

class Cart

{

     // 1..* products in cart

     private List<Product> _productList;  ( We keep references to Product objects


But this must mean that the Product objects exist in the Cart so isn’t this an aggregation?


[image: image27.emf]Cart Product

0..* 1..*


The answer is it could be interpreted this way, if you fall into the camp that believes that storing references to Product objects makes this an aggregation. This is certainly how some people would interpret this relationship. If we remember that UML is about describing how the code should work, then we have to ask ourselves does creating an aggregation to represent storing an object really make the relationship any clearer given that specifying a multiplicity does that already. Aggregation does imply that the “part” provides functionality needed by the owning class, which suggests something more than just storing references to objects. The Cart here doesn’t really need the products to function per se and can certainly operate quite happily without them e.g. it would just calculate a total cost of zero if it was empty. In this case, we probably should just show it as an association. 
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If we don’t want to be specific about the Product existing outside the Cart, then we can drop the left hand side multiplicity as well.
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So you see how aggregation is a bit of grey area and leads to confusion. The best bet is to use aggregation sparingly when you really want to emphasise that a class needs to hold onto other helper classes to do anything useful.
Composition is a special case of aggregation. With composition parts can’t be shared with other objects. The life of the part is completely within the life span of the whole, it has a OWNS-A semantic relationship.

A has a B, and B depends on A

The composition relationship is not strictly necessary because C# handles the destruction of objects itself (using garbage collection). The following is an example of composition, which is shown using a filled diamond. 

For example, a human can have a kidney transplant, so the kidney can be removed and placed in another human. The kidney has an aggregation relationship with the host human. However, as far as I know, the brain and the spine are not transplantable so if the human dies so do these body parts. Thus, these parts have a composition relationship with the host human.
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Another example is a Calculator, which performs some particularly sophisticated addition and subtraction operations that require separate classes. We never need to pass Adder and Subtractor objects around since they perform some specialised functionality required by the Calculator.
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In the above, the Calculator class requires the Adder and the Subtractor classes to be able to execute its methods. When a Calculator object is destroyed, it destroys the Adder and Subtractor objects it contains.
We will interpret a composition relationship as being one where the classes that form the parts are created and are only used by the class that forms the whole.
public class Calculator
{


private Adder
            _additionOperation       = new Adder();

private Subtractor      _subtractionOperation   = new Subtractor();
}

Actually, the implication of a composition is that the parts of the Calculator never exist outside of the whole e.g. an Adder object will only ever exist in a Calculator object. This may imply that “part” classes are specifically designed to support the requirements of the “whole”. If this is the case, we could declare the Adder and Subtractor classes inside the Calculator class so they are only usable in this class.
public class Calculator
{


private class Adder
{


// Attributes and methods of Adder class

}


private class Subtractor
{


// Attributes and methods of Subtractor class

}

            private Adder
            _additionOperation       = new Adder();


private Subtractor      _subtractionOperation   = new Subtractor();

}

Unfortunately, this obviously can get a bit messy so it’s usually better to create them as separate classes but bearing in mind they are only used inside the Calculator class.

Here’s another example of aggregation, the Door and DoorHinge classes have an aggregation relationship, because the DoorHinge objects can exist outside of the Door object, because you may need to replace them. But without the DoorHinge class the Door is useless because you can’t open or close it i.e. it is totally reliant on have DoorHinge objects in order to work.
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Let’s expand on this. In the figure below, the ShipControl system has a number of engines which put online or taken offline for testing. An Engine object is created and is made available to the Ship by adding it to the ships control system by calling PutEngineOnLine() where it is added to the _engines list of available engines. This is an aggregation because the ShipControl system is useless without engines providing their functionality.
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As described for standard associations, the arrow heads indicate that the engine itself doesn’t need to store a reference to either the ShipControl or the EngineTest objects because it is used by both these classes i.e. the Engine itself doesn’t call methods on either the ShipControl or EngineTest objects. For demonstration purposes I’ve shown both the ShipControl and Engine aggregations on the same diagram because they are very simple but remember the point of this relationship is they can be drawn on separate diagrams with only the “whole” class shown in the main design diagram.

In code this might look this:
ShipControl ship;

EngineTest test;

Engine engine1;

Engine engine2;

ship = new Ship();

engine1 = new Engine();

engine2 = new Engine();

// Put both engines online

ship.PutEngineOnLine(engine1);

ship.PutEngineOnLine(engine2);

// Take engine1 offline

ship.TakeEngineOffLine(engine1);

// Test it

test = new EngineTest(engine1);

test.Test();

The important point to note here is that engine1 exists outside of the Ship class and we later re-use it by passing it to the EngineTest class.

Assuming the Engine class is a composition, it will have a separate class diagram that we can expand. Expanding the Engine class we discover that it consists of a number of parts that only exist to provide functionality for the Engine class.
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Here the Ignition and FuelMonitor classes only exist to provide functionality for the Engine. For example, to start the engine the StartEngine() method in the Engine class relies on the Ignition class to do the actual work e.g. 

public StartEngine()

{

     _ignition.BeginIgnition();



// Warm the engine up
    if (_ignition.IsReady() == true)


// Is it ready?
    {

        _ignition.Start();




// Start it!!
    }

}

Likewise, in the following figure, the Player object only exists as part of a Game because we don’t need the players position if they are not playing the game. A composition relationship exists between the Game and Player classes.
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The code might look something like this:

public class Game
{


private Player  _player;    ( Declared private here

public Game()


{


      _ player = new Player();  ( Created here

}


__player is never returned by any public properties or methods

public void MoveUp()


{
      _ player.SetPosition(_player.GetX(),         (   Only ever used by methods
                                                  _player.GetY() + 1);          in the Game class
}

}

Please note that when the Player object is destroyed (either by setting any reference to it to null or by allowing it to drop out of scope) because the only reference to the Game object is within this class both objects are garbage collected together (in C++, destroy the object in the destructor).

UML Dependency or Use Relationship

This represents a transient relationship showing that a class requires or depends on another class’s implementation. Because of this, dependency is called a supplier - client relationship, where supplier provides something to the client. A dependency exists if changes in one object results in changes in the other, and is shown as a broken line with an open arrow pointing from the client (dependent) at the tail to the supplier (provider) at the arrowhead. Again, the UML fails to clarify what this means in practice. Our interpretation of associations with no multiplicity shown, already allows for an object being passed into or returned from a method. Therefore, we may interpret this as a class being used internally by a method.
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In the above, a Report class is responsible for managing the contents a report such as the title, author and the main descriptive text. The report itself must be saved to a file, so the class contains a SaveReport() method, but this method needs to use a StreamWriter object in order to write the strings to the file. Once the method completes the object is destroyed, so its lifespan is restricted to the method call. There is no attribute for this object in the Report class, because the object is stored in a variable that is local to the method.

public class Report

{


public SaveReport(string filePath)


{

            FileStream fs = new FileStream(filePath, FileMode.OpenOrCreate);


// Local function variable wr created here.

            StreamWriter wr = new StreamWriter(fs);


wr.WriteLine(_title);


wr.WriteLine(_author);

            foreach (string textLine in _description)

            {

                wr.WriteLine(textLine);

            }

            wr.Close();
// Done with the object now
            fs.Close();


}
// All local function variables destroyed here!!

}
In fact, as you can see, this class is also dependant on the FileStream class which we could also show on the class diagram.

Task 3:

A windows application emulates a telephone and provides all the functionality of a traditional phone. 
1. The user turns on the phone

2. The audio controller turns on the speaker
3. Audio controller set audio frequency

4. Audio controller generates a beep

5. The audio controller turns off the speaker

6. Display controller turns on display

7. A logo is displayed by the display controller

8. A default dial screen is displayed prompting user to enter number
9. Phones idle timer is started for specified delay

10. The user enters the phone number on key pad

11. Keypad controller reads key

12. Display controller displays entered number
13. User presses make call key

14. The dialler is passed the number and connects to the telephone company

15. Phone checks that dialler is making call and displays “Dialling” message

16. The audio controller turns on the speaker

17. The dialler connects the call

18. At any time the user can hang up the call

19. When user or other party hangs up, the dialler disconnects the call

20. The audio controller turns off the speaker

21. Phone idle timer is started for specified delay

22. Phone checks if delay has expired and when timer expires the display is turned off

23. If display is off when key is pressed then display is turned on

Given that the Phone class represents the application, identify the classes, attributes and methods. Draw the class diagram using composition.
Please note this is an exercise, in practice you will very rarely need to use composition.

Inheritance

When one class is a specialisation of another the relationship between the classes is called inheritance. The child class automatically inherits the characteristics of the parent class and can then add features to reflect its specialisation change or suppress inherited features.  In a true inheritance relationship, the child class is said to have an IS-A  (or IS-A-KIND-OF) relationship with its parent class.  This means that it is of the same kind (but with some specialisation) as its parent; just as a Labrador is-a-kind-of dog, or a car-is-a-kind of vehicle. Alternatively, the parent class is said to have a CAN-BE-A relationship with its child class, just as a dog can-be-a Labrador (or an Alsatian), and a vehicle can-be-a car (or a truck).

When using inheritance, we arrange classes in a hierarchy in which the generalised class is at the top and the specialised classes are at the bottom. A line between classes with an empty triangle pointing towards the parent class indicates an inheritance relationship. Note, when all of the child/sub-classes have a relationship with another class (that is not within the generalisation/specialisation class), we define the relationship/multiplicity with the super-class and not the sub-classes.
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Task 4:

A graphics application contains a number of user controls for displaying information and allowing the user to enter information. Each control can be added to a parent Window object. In this example, you do not have to define the Window class except as an empty class to allow you to define the _parent attribute.
Once added to a Window, every control will be asked to display itself by the window. If the user clicks on the control, types a key or selects an item in the control, the window will call the appropriate method in each class. There are a number of controls that the application provides:-
Button: A button has a border, displays text (e.g. “OK”, “Cancel”) and allows the user to click on it.

TextBox: A text box has a border, receives each key pressed and allows the entered text to be read

List Box: A list box has a border, displays a number of ListItems, the user can click on any item and the list box allows the selected item to be read. Each list item contains the text that should be displayed in the list box and additional data in the form of a number.

All controls must be given a name.

Draw the class diagram.

Hint: What are the types of controls??

Task 5:

In the previous worksheet, you were given a “Brows Catalogue” use case which you had to analyse. Develop a class diagram for this use case.

You will be using these classes in a later task, so identify the methods required by each class carefully.

Provide a detailed explanation of the diagrams and the design that you produce, including a discussion of the symbols used and also include references.
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. The substitutability principle is that the child instance must be capable of being used wherever a parent instance is expected.
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In this example, the Mammal class provides a polymorphic method called MakeNoise() that the Dog and Cat classes override it.

	public class Mammal

{

     public virtual string MakeNoise()
    {

         return “Who am I?”;

    }

}
	public class Dog : Mammal

{

     public override string MakeNoise()

    {

         return “Bark”;

    }

}
public class Cat : Mammal

{

     public override string MakeNoise()

    {

         return “Meoww”;

    }

}


Obviously, the MakeNoise() method in the Mammal class doesn’t make sense because there is no generic animal. Hence the “Who am I?”, which is a pretty poor attempt to provide some sort of method. Actually, we don’t need to declare this method at all because the child classes perform the correct actions i.e. make the correct noises.

We make this method abstract and the Mammal class abstract, so only a Cat or Dog may be created. In UML, we write the method in italics and the class name in italics to show they are abstract.
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	abstract public class Mammal

{

     abstract public string MakeNoise();

}
	public class Dog : Mammal

{

     public override string MakeNoise()

    {

         return “Bark”;

    }

}

public class Cat : Mammal

{

     public override string MakeNoise()

    {

         return “Meoww”;

    }

}


Task 6:

A banking client needs an application to store current balance and the number of transactions made on each account. There are three types of account:

1. Normal: Deposit and withdrawals just change the balance. There is an £8.00 monthly fee that counts as a normal withdrawal transaction.

2. Cash: Each withdrawal generates a 5p fee. Both the withdrawal and fee counts as a single transaction

3. Gambler: Each withdrawal generates a fee with a 0.49 probability of no fee being charged and a 0.51 probability of a 10p fee being charged.

When an account is created an initial deposit should be made (using a constructor).

A customer can make a deposit at any time and request to see the balance held in the account. At the end of every month each account will have an EndOfMonth() method called, and should levy any monthly fees and display the a summary of the account balance and the number of transactions made during that month.

Note: For the gambler account, the fee can be generated using a random number between 0 and 100 as follows:-

If(randomNumber <= 50)

{

     fee = 0.10;

// 10p

}

Draw the class diagram and write the code using polymorphism.

Interfaces

Each interface has the <<interface>> stereotype, the name of the interface as the name of the class and the full operation signature for each operation with in the interface. The class that realizes this interface (i.e. provides all the methods the interface requires), is connected to the interface by a dashed arrowed line.
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	public interface IEngine

{

     virtual void StartEngine();

     virtual void StopEngine();

}
	public class CarEngine : IEngine

{

     public void StartEngine ()

    {

    }

     public void StopEngine ()

    {

    }

}

public class TrainEngine : IEngine

{

     public void StartEngine ()

    {

    }

     public void StopEngine ()

    {

    }

}


In C# we can only inherit from one parent class but we can implement multiple interfaces. Use abstract classes when you need to inherit data or common methods, and interfaces when you want to provide common behaviours. Interfaces are often used in design patterns.

Task 7: Additional Marks – provided for practice.
Modify the previous task to inherit from an interface, and then demonstrate the use of the interface to withdraw & deposit cash, get the cash balance and the EndOfMonth by building a test application.
Using Visio

Start by opening a UML diagram. File(New(Software and Database(UML Model Diagram (Metric)

Expand the UML Static Structure window and drag class object into page.
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Right click on class, select Properties and change the name.
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To make class abstract click on IsAbstract and the class name will appear in italics.

Attributes

Under categories pick Attributes.

Type in the name of the attribute, pick a C# type from the Type drop down list…..
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…. Pick visibility ….
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…. Pick multiplicity (note you can type your own value or clear the multiplicity if you don’t want to show it) ….
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Select value
	[image: image47.png]



Type in new value
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Clear value if not required


Note: To display the attribute multiplicity, right click the class and select the “Shape Display Options….” menu item then check “Attribute multiplicity”.
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… if required, type in Initial attribute value.
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Methods
Under categories select Operations.

Type name of method and pick C# return type (you may select <None>)….
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…. pick visibility ….
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… if using polymorphism (virtual method) then select Polymorphic tick box.

Select method and either click on the “Methods…” or “Properties…” button.

Methods…. button

You may describe a method by clicking on the “Methods…” button.
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For abstract methods, uncheck the Has Method tick box and the method will be displayed in italics.
Properties… button

Clicking on the “Properties…” button allows you to specify the parameters for the selected method.
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Pick Parameters under Categories, enter name of parameter and select the Type.
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Kind can be “in”, “out” or “inout”, typically use “in”.
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Associating Classes
Drag a Binary Association onto the page and connect classes…
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Right click on the association, pick “Properties…” from the menu item, enter the Name and pick a Name Reading Direction (or leave as <none specified>). By default the name is not displayed (see below Shape Display Options).
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Enter any end point names (roles) if required, you can hide these names (see below).
Select Aggregation or leave as “none”.
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Select Multiplicity as described for attributes.

Check the IsNavigable checkbox on end point to give association a direction (i.e an arrow)
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To display the association name you need to right click on the association, pick “Shape Display Options…” and check the Name option. You may also hide end names (roles), end multiplicities, etc.
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Inheritance
A generalization is dragged and dropped from the Static Structure window into the page and connected to both classes.

[image: image69.png][l ML Static Structure (Metric)

£ package

o— Interface ] Interface ¢—

Class

L, oo g

==+ Depend. 7] subsystem
Bound
5 Bement
= obiect 1 Lnk = Ntk (¥

[l UML Use Case (Metric)




_1321996689.vsd
Customer

House

buys


1


1..*


rents4 


1..*


1



_1381742164.vsd
+MakeBooking(in lecturer : Lecturer, in room : Room, in dateTime : DateTime) : void


-_bookings : RoomBooking


BookingSystem


_1504426728.vsd
+AddNumber(in number : ComplexNumber) : void
+SumNumbers() : int



_1504600376.vsd
Cart

Product

Contains


0..*


1..*



_1504601093.vsd
-_additionOperation : Adder
-_subtractionOperation : Subtractor



_1504602648.vsd
+MoveUp() : void


-_player : Player


Game

+GetX() : int
+GetY() : int
+SetPosition(in x : int, in y : int) : void



_1504603057.vsd
+ChangeCarTyres(in car : Calculator, in newTyre : Tyre) : Tyre


-_cars : Car
-_newTyres : Tyre
-_oldTyres : Tyre



_1504601846.vsd
-_hinges : DoorHinge


Door

DoorHinge

-_hinges


2



_1504600614.vsd
Cart

Product

0..*


1..*



_1504427632.vsd
+SumNumbers(in numbers : ComplexNumber[0..*]) : int


Maths

ComplexNumber

0..*



_1504600284.vsd
Cart

Product

1..*



_1504424595.vsd
+BuildStyle(in doc : Document) : void


Formatter

+FormatDocument(in format : Formatter) : void
+ApplyStyle(in style : Style) : void



_1504425520.vsd
+BuildWidget() : Widget


Factory

Widget


_1504363682.vsd

_1504364643.vsd
Cart

Product

0..*


1..*



_1411999180.vsd
+Adder()
+Adder(in num1 : int, in num2 : int)
+Add(in num1 : int, in num2 : int) : int
+Add(in num : int) : void
+Reset() : void
+Total() : int


-_total : int


Adder

Attribute Name


- = private


Method Name


+ = public


Attribute Type


Method Parameter


Class Name


Return type from method


Constructors 
(no return type)



_1414394217.vsd
-_brain : Brain
-_spine : Spine
-_kidney : Kidney


Human

Brain

Spine

Kidney

1


-_brain


1


1


-_spine


1


1


-_kidney


1..2


Human Has Parts à 


A Part Of Human à  


ß A Part Of Human


ß A Part Of Human



_1344861813.vsd
-_ownedCart : Cart


Customer

-_owner : Customer


Cart

Owns


-_owner


1


-_ownedCart


1



_1355725578.vsd
+ChangeTyre(in wheel : int, in tyre : Tyre) : Tyre


-_tyres : Tyre


Car

Tyre

1


-_tyres


4


Car Has Parts à 


ß A Part Of Car



_1381146775.vsd
+StartEngine() : void
+StopEngine() : void
-Status(in fuelLevel : int) : string


-_ignition : Ignition
-_fuelMonitor : FuelMonitor


Engine

+PutEngineOnLine(in engine : Engine) : void
+TakeEngineOffLine(in engine : Engine) : void
+StartEngines() : void
+StopEngines() : void


-_engines : Engine


ShipControl

1


-_engines


0..4


+EngineTest(in engine : Engine)
+Test() : bool


-_engine : Engine


EngineTest

1


-_engine


1



_1381146567.vsd
+StartEngine() : void
+StopEngine() : void
-Status(in fuelLevel : int) : string


-_ignition : Ignition
-_fuelMonitor : FuelMonitor


Engine

+BeginIgnition() : void
+IsReady() : void
+Start() : void


Ignition

+FuelLevel() : int


FuelMonitor

1


-_ignition


1


1


-_fuelMonitor


1



_1344863885.vsd
Customer

-_customers : Customer
-_products : Product
-_orders : Order


StockControl

-_customer : Customer
-_products : Product


Order

Product

3 Stores Details


-_customers


0..*


1


Manages4 


1


-_products


0..*


Contains4 


0..*


-_products


1..*


3 Has Taken


1


-_orders


0..*


3 Taken For


1..*


-_customer


1


0..*

Products are created before orders

are taken, therefore product may 

not initially  be part of any order


1..*

Customers are only created

when they make an order


1..*

Order is only created when

it contains at least one product


0..*

When started, the Stock Control

System will initially contain no

products until we add some


0..*

When started, the Stock Control 

System will initially contain no

orders until the first customer places

one


0..*

When started, the Stock Control 

System will initially contain no

customers until the first customer places

an order



_1351060827.vsd
+Report()
+SaveReport(in filePath : string) : void


-_title : string
-_author : string
-_description : string


Report

+StreamWriter(in fs : FileStream)
+Write(in text : string) : void
+Close() : void


-_fs : FileStream


StreamWriter

writer = new StreamWriter(fs);

writer.WriteLine("some text");

writer.Close();



_1344861494.vsd
+AddProduct(in prod : Product) : void


-_productList : Product


Cart

Product

Contains


0..*


-_productList


1..*



_1344861737.vsd
-_ownedCart : Cart


Customer

-_owner : Customer


Cart

Owns4 


-_owner


1


-_ownedCart


1



_1321993424.vsd
Student

Course

Studies4 


0..*


??



_1321995787.vsd
Cart

Product

Contains


0..*


1..*



_1321996394.vsd
Cart

Product

Contains


1


1..*



_1321993959.vsd
Student

Course

Studies4 


0..*


1..*



_1317211922.vsd
Cart

Product

Contains


0..*


1..*



_1321802397.vsd
Student

Course

Studies4 


0..*


1..*


Student

Course

Studies4 


0..*


1..*


equivalent to



_1321983900.vsd
Client

Car

-dayOfRental : DateTime


Rent


1


1..*



_1317220945.vsd
+MakeNoise() : string


Mammal

+MakeNoise() : string


Dog

+MakeNoise() : string


Cat

Abstract class (italics)


Abstract method (italics)



_1317294290.vsd
TheatreCompany


Agent

-_startDate : Date
-_endDate : Date
-_termsAndConditions : string


Contract


1


0..*



_1317222300.vsd
+StartEngine() : void
+StopEngine() : void


«interface»
IEngine


+StartEngine() : void
+StopEngine() : void


CarEngine

+StartEngine() : void
+StopEngine() : void


TrainEngine

Officially we should use a dashed line to show

 that the interface has been implemented by

 a class. But we won't worry too much about 

whether the line is dashed or not.


Italics used for polymorphic methods



_1317220304.vsd
+MakeNoise() : string


Mammal

+MakeNoise() : string


Dog

+MakeNoise() : string


Cat


_1317202408.vsd
-_attributName : int
+_attributeName2 : string
#_attributeName3 : double


Class Name


private


public


protected



_1317208788.vsd
MikesClass

MikesClass2


_1317209805.vsd
Drag the side handles to change the width of the text block.


Student

Course

Studies4 


0..*


1..*


Association name is optional



_1317209014.vsd
MikesClass

MikesClass2


_1317208730.vsd
MikesClass

MikesClass2


_1317208764.vsd
MikesClass

MikesClass2


_1317198972.vsd
+MethodName(in parameterName : int) : int


-_attributName : int


Class Name

Name of the class


Attributes of the class


List of methods provided by the class



_1315853411.vsd
+Pay(in wage : double) : void


-_name : string
-_address : string
-_employeeID : string
-_totalWages : double


Employee

+RenewContract(in contractEndDate : Date) : void


-_contractStartDate : Date
-_contractEndDate : Date


PartTimer

+PayBonus(in bonus : double)


-_bonuses


FullTimer

Specialization


Generalization



