Object Oriented Concepts using UML

UML is a graphical language or notation for modelling systems analysis and systems design in an object-oriented fashion.  It is a conglomeration of previously existing notations and seeks to include the best of each by providing a unified notation.  It has been used since the ‘90’s to describe OO design and was intended to describe OO systems using a standardised formal notation and language.  It is still useful today but is often used to sketch and communicate OO design when developing OO systems. 

Prior to the advent of agile methods, a software engineering team was expected to design their systems using UML before then programming the system.  Now it is often used to help explain and communicate various views of the system and there is a degree of informality in its use.  Its core ideas are still used in this respect and it remains a useful way to explore, understand and explain OO systems.  You don’t have to use all the ideas involved, for example class diagrams, sequence diagrams and sometime use-case diagrams might suffice. 
UML supports three, separate but interrelated, architectural views of a system. These are:

1. A functional view which describes the external behaviour of the system from the perspective of the user. Use cases are used here (see previous work on use cases).

2. A static view which describes the structure of the system in terms of attributes, methods, classes, relationships and messages.  Class diagrams and object diagrams, CRC (class-responsibility-collaboration) cards, component and deployment diagrams are used to portray the static view of an OO system.

3. The dynamic view describes the internal behaviour of the system in terms of messages passed between objects and state changes within objects.  The dynamic view is represented in UML by sequence diagrams, collaboration diagrams, statecharts and activity diagrams.

Object Oriented Analysis and Design (OOAD) approaches emphasise that a complex system is best built as a series of iterations, correcting, refining and providing increments in functionality with each iteration.

Class Diagrams

Recall that an object represents an instance of a class and UML models classes using the class diagram.  Class diagrams are the core of OO system development and they are used in each phase of the system’s development.  The class diagram models the data elements in the system, the ways they are grouped together and the relationships between them.  Each class represented in the diagram identifies the attributes and the operations associated with it.

A class diagram can be developed as follows (although other methods exist):

1. Identify objects and derive classes for each object.

2. Identify attributes of the classes.

3. Identify operations on the classes.

4. Identify relationships between classes using association, aggregation and inheritance.

5. Use the CRC technique to uncover responsibilities and collaborations.

6. Iterate and refine the model.

1. Identifying objects and deriving classes for each object

 Use cases & their scenarios can be used to deduce objects by identifying items within them.  There is a danger here, since if there are many scenarios then it is easy to produce too many classes.  It is easier to add newly identified classes later than remove classes which were erroneously identified at an earlier stage. However we can use the noun identification technique familiar to EAR diagram developers to help us identify objects. Objects in the problem domain might include physical objects such as people or documents; organizational entities such as companies or departments; transactions, such as orders or loans, and so on.  All objects identified at this stage should be understandable as part of the real world problem domain.

Useful sources of objects might be the initial problem brief or developed use cases and scenarios.   Remember objects are ‘things’ which, in English Grammar, are referred to as nouns.  Therefore every noun or noun-phrase in the problem statement should be underlined as a potential object, or candidate class (it is worth noting at this point that an object’s attributes are usually adjectives, whilst operations tend to be verbs).

Next, study the list of potential objects and reject those which are unsuitable for use as the basis for classes.  Objects ripe for rejection are:

Duplicates: different names for the same thing.

Irrelevant: not part of the intended system.

Vague: words such as ‘item’ or ‘thing’ which have no precise meaning.

General: some words such as system, which are too broad.

Attributes: one of the best tests for a class is to consider what we need to know about it. For example the word ‘department’ might only be of importance to us as an attribute of another class such as employee.

Associations:  sometimes words appear to be objects but might really be associations or relationships between objects.

Roles: Occasionally objects might be referred to by the role they play in a part of the system.  When identifying classes we need to refer to the class using a word that corresponds to the basic identity of the class.  For example employee should be used as a class name in place of cleaner or clerk.

Implementation constructs: At the analysis phase, classes relating to how the system is to be implemented might not be included as part of the class diagram.  These constructs might be included later at the design phase.

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

2. Identify attributes of classes.
Attributes are pieces of information that we need to know about a class. When an object is instantiated from a class, it is these attributes that will hold data values, and which will identify the state of an object at a particular point in time.  Attributes can be identified from the problem brief.  For instance, phrases such as ‘the number of the member of staff’ or ‘the numbered card’ describe attributes.  Use case scenarios and knowledge of the problem domain are also important sources.

Attributes not relevant to the problem domain should be excluded.

Reject derived attributes.  A derived attribute is an attribute that can be derived from other attributes of the class. TimeSpentInCarPark can be derived from TimeLeft – TimeEntered and should therefore not be included as an attribute of the class.

Avoid attributes that relate to the implementation, for example pointers to other classes.  These can be added at the detailed design phase.

If we are recording the same information in two different classes, then one of the classes is superfluous.

Do not retain classes for which we do not need to retain information.

3. Identify Operations on Classes
Objects not only know things, but they also do things.  Operations describe actions that objects of a class can perform in response to some trigger - a message or request.  An operation is defined by its name and later by a list of arguments and return type.

Another common name for an operation is ‘method.’  You can think of operations as procedures or functions associated with a class.

A very effective way of identifying operations is to use “use case” scenarios.

All objects require operations to create, delete, set and read attribute values, however at this stage, these operations can be left out as they will clutter the diagram unnecessarily .

4. Identify relationships between classes using association, aggregation and inheritance.

A system requires a society of co-operating objects.  In order to accomplish a task an object may perform some of the work itself and then pass a request to another object which in turn may do some of the work itself and pass a request on to another object, and so on.  These objects are talking to each other, i.e. collaborating.  To identify which object talks with another we look for relationships between objects. We think of a relationship as a line of communication between objects and we use a class diagram to specify how objects are related so that this communication/collaboration can be achieved.  The relationships we model on a class diagram are inheritance, aggregation (similar to composition) and association.

a) Inheritance
When one class is a specialization of another then relationship between the classes is called inheritance.  Here a child class automatically inherits the characteristics of the parent class and can add special features to reflect its specialization, change or suppression of inherited features.  A child class is said to have an ‘IS-A’ or ‘IS-A-KIND-OF’ relationship with its child class.  In the car park example given earlier, the two cards identified are VisitorCard and StaffCard.


Instead of repeating attributes and operations in both card classes, we can instead place the common attributes and operations in a Card class.


Note the italicized parent class name, card.  This implies that Card is an abstract class which will never be instantiated as an object. We place the most general class at the top and the most specialized classes at the bottom. Inheritance makes it easier and faster to define classes and redundancy is reduced.  Is a card and its varieties a part of the car park? 
b) Aggregation
Objects are sometimes made up of other objects.  This is known as aggregation.  All aggregation relationships relate parts to wholes or parts to assemblies.  In other words the relationship is ‘A-PART-Of’ or ‘HAS-PARTS’.  A line between classes with a diamond at the ‘whole’ end denotes aggregation as shown in the following simplified class diagram of a cark park.






c) Association
Another relationship between classes is an association relationship.  Relational database designers will recognize this as a relationship between entities in an Entity-Attribute-Relationship (EAR) diagram.  In fact, objects can be thought of as EAR diagrams without the operations.  An association can be named (though this is often left out to reduce clutter in the diagram.  The solid arrow head shows the direction of the association in order to aid readability.




The numbers and asterisks represent the multiplicities of the association (and aggregation), i.e. the number of objects in each class that may be connected in this way.  The above example says that a student may study one or more courses and a course can exist with none or many students.  The following table describes the allowed multiplicities and their meaning.

	Zero or 1
	0..1

	Exactly one
	1 (or may be omitted)

	Zero,one or many
	* or 0..*

	One or more
	1..*

	An exact number
	e.g. 2,3,5,22

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


As you are aware from your study of EAR diagrams, implementation problems arise

When a many-to-many relationship exists, such as when one or more drivers can drive one or more trucks.


In these cases the many to many relationship must be broken into two many to one relationships with an intermediate class called an association class.  In the example below, and intermediate Journey class has been added and shows that the trucks are assigned drivers for particular journeys.




5. CRC technique to uncover responsibilities and collaborations
CRC stands for Class, Responsibilities, Collaborations (Beck and Cunningham, 1989) and can be used in all stages of development but especially in the early stages when identifying classes and their associations.

CRC cards help us consider the purpose or functionality of a class in terms of its responsibilities to provide services to other classes.

A responsibility of a class describes something the class can do, this responsibility leads us to identify the operation needed to fulfil it.

It can fulfil its responsibility because it has access to the relevant information, either directly through its attributes or accessible through collaboration with other classes.  Collaboration indicates there is a relationship between the classes.  The following CRC card illustrates this idea using the car park example we used earlier.

	Cark Park

	Responsibilities (knowing and doing)
	Collaborator (helper)

	Know the capacity of the car park.
	

	Know number of free spaces in the car park and inform the full sign.
	Barrier.

	Increment the number of spaces in the car park whenever a car leaves.
	Exit Barrier.

	Decrement the number of spaces in the car park whenever a car arrives.
	Entrance barrier.


	Full Sign

	Responsibilities (knowing and doing)
	Collaborator (helper)

	Light the Full sign when there are no free spaces in the car park and switch off when a space becomes available.
	Carpark.


Remember that creating class models is an iterative process which allows us to modify existing objects and identify new ones as we begin to better understand our problem area.  As we move through the modeling process we must learn to expect change because it will happen.  For example,  the  car park example we have been modeling has reached a stage where we have what seems a reasonable representation of the physical car park. However, as our understanding of the system improves we will notice inconsistencies and perhaps identify new responsibilities and collaborations.  New objects might present themselves to us.  The card reader object of the car park reads a card, but where will the validation of the information read by the card reader take place?  Somewhere we will need to store a database of valid users and this database object (entity object) will be required to validate the information read by the card reader (i.e. it must service the card reader by performing a check of the card details and returning a message to the card reader).  This means we will need to modify our class diagram again to include this additional detail.  The following diagram illustrates this.









Questions.

What is the relationship between  CardReader and ValidCard? What is the multiplicity of each?  Is another entity object required during implementation?

Is the ValidCard class part of the cark park or is it merely a mode of inputting data to the card reader?
The dynamic, behavioural view.

The dynamic behaviour of objects is modeled using behavioural models. The include:

Interaction diagrams

· Sequence diagrams and

· Collaboration diagrams

· Statecharts (state diagrams)

· Activity diagrams

Sequence Diagrams

Each Use Case in a system describes a sequence of steps involved in completing the use case.  We use a sequence diagram to identify the objects and actors involved in a particular scenario and the messages passing between them. The following examples illustrate a sequence diagram.

The use case for Enter Car Park is along the lines of:

1. Sue approaches the car park and sees that the full sign is off.

2. Sue’s car arrives at the entrance to the car park.

3. Her car’s arrival at the barrier is detected. 

4. Sue inserts her card in the card reader.

5. The card is recognized as one that is known to the system.

6. The card is returned.

7. The entrance barrier is raised.

8. Sue drives into the car park

9. Her car’s entry is detected.

10. The barrier is lowered.

This use case has no detail of how the objects of the system interact.  The use case only describes the “what.” The internal “how” needs to be detailed and indeed this is what we can achieve with sequence diagrams since they show the messages passed between the objects of the system and the order in which they occur.  The following diagram illustrates a sequence diagram for the Enter Car Park scenario described above. 

Across the top are listed the actor(s) and objects participating in the sequence diagram associated with the scenario.  The diagram shows their interaction (the messages passed between them) and the time sequence in which they occur.  Time is considered to flow downward, that is the order of interactions is read from the top of the diagram line by line.  The horizontal lines indicate the direction in which messages are passed.  The vertical dashed lines are object life lines and indicate the duration of existence of the object in the scenario.


:User

Collaboration Diagrams
A collaboration diagram, like a sequence diagram illustrates the interactions between objects.  However, rather than focusing on the time ordering of message passing, collaboration diagrams ephasize the flow of messages passing between objects (i.e. their relationships).  The following collaboration diagram shows the scenario which describes what happens when a card is not recognized:
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