BSc. Computing Portfolio, level 3


The Object-oriented (O-O) Approach to Developing Systems Using UML

The rapid increase in the power, speed and capacity of computers over the last four decades has encouraged software developers to tackle increasingly large and complex systems.  Since the late 1960s, developers have incorporated structured methods into their development process to try to overcome the problems of late systems delivery, cost over-runs, inadequate system functionality, maintenance problems and systems failure.  While structured methods have helped improve system robustness, reliability and maintenance, they are not a complete answer - it is still rare for a project to be delivered on time, within budget and without serious faults. What O-O promises is a new approach to systems development which will produce software that is more:

· Maintainable

· Testable

· Reusable

· Able to cope with large and complex systems.

Although object-orientation (O-O) is still seen as a relatively new approach to developing systems, it has been around for some time and the ideas on which it is based go back as far as the late sixties.  Early interest in the O-O approach focused on programming issues, but over the years this has grown to cover the whole of the systems development process, from capturing initial requirements right through to the final software product.  This change has been accelerated through the creation of the Unified Modelling Language (UML).  UML provides a common vocabulary of object-oriented terms and diagramming techniques that is rich enough to model any systems development project from analysis through to implementation.

 Basic characteristics of O-O systems (concepts)

1. Classes, objects, methods and messages

2. Encapsulation and information hiding

3. Inheritance

4. Polymorphism

1. Classes, objects and messages
a) Objects

The basic building block of O-O software is the object.  Software objects are derived from and model the real-world objects in the application domain.  Whatever type of software system you are developing, whatever problem you are trying to solve, it will feature certain entities, objects or things.  These objects or 'things' form the subject matter of the system (simply put, what you will keep information about).  A mail order system will feature objects such as customers, orders and products. A library system will feature objects such as members, books, loans and reservations.  A restaurant booking system will have customers, tables, reservations and cancellations.  Objects in the real world translate into objects in the software system.

Objects in an O-O system can represent physical things (such as customers, products, books), conceptual things (such as orders, loans, reservations) or organisational things (companies and departments).  Objects can also be computer implementation features such as GUI windows, files or linked lists, but this type of object is ignored in the early stages of development.

Real-world objects will have certain properties or attributes that are of interest to the system developer: a customer in a mail order system will have a name, an address and a telephone number; a product will have a product number, a description and a price; a car knows the amount of fuel it has in its tank, the speed at which it is moving, the temperature of its engine.

Real-world objects also have characteristic behaviour: a customer can change her address or telephone number; a product can be withdrawn or have its price changed; a car can start, stop, move forward or backwards. 

Like the real-world object it models, a software object packages together data and behaviour.  A software object consists of certain data attributes/values and knows how to perform certain functions. To represent the real-world car as a software object, its data (amount of fuel, speed, temperature) will be translated into attributes, and its behaviour (start, stop, move, etc.) into procedures (known as operations or methods). 
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Jemima: Car

fuel = 6.4 litres

speed = 32 mph

temperature = cool

The first line of the object specifies the object name (Jemima), the class of the object (Car - see 'classes' below), while the other lines specify the values of its data attributes.  Notice that the name of the class that the object belongs to is always underlined and preceded by a colon (:).  The object name is often omitted, but if mentioned, it comes before the colon. 

Conventionally, operations are not mentioned in an object diagram, but are specified in the class description (see 'classes' below).  It is understood that all objects of a given class know about and have access to these operations.  A diagram of an object concentrates on showing what is unique to each object, such as the object name and its attribute values.

Yourdon and Argila (1996) informally define an object as "an independent…entity which 'knows things' (i.e. stores data), 'does work' (i.e. encapsulates services), and collaborates with other objects (by exchanging messages), to perform the overall functions of the system being modelled."

b) Messages

An O-O system is made up of such objects which collaborate to achieve the functionality required by the system.  An object will be sent a request to perform its part in the functionality.  In turn it may send a request to another object to perform the next part of the functionality.  The sending of such requests is known as message passing.  Let us assume that the software using our car object also has a person object, and that person is called Tom.  If Tom wants the car to start, he must send it a message telling it to execute its start operation.
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Tom:Person

Jemima: Car

An aspect of the O-O approach, highlighted by message passing, is the emphasis placed on building objects that are independent and self-sufficient.  Objects once triggered/activated by a message, take charge of executing their own responsibilities.

The only way that a program can read or change the data carried by an object, or access the data in any way at all, is by invoking one of the pieces of program code (operations/methods) that the object carries within itself.

c) Classes

An object is defined in terms of its class.  When we specify that a class will have certain attributes and certain operations, we determine that all objects of that class, that is, all instances of that class, will have the same structure - precisely those attributes and precisely those operations.  Notice that a car object (being a particular instance) has values for its attributes (e.g. 6.4 litres), but a class (being a general representation) does not.

We can think of a class as being an object factory, a template for all objects of that class.

If we were modelling a mail order system, it might have classes as shown below:

The lines that connect the classes are known as associations and indicate that these classes have some sort of relationship.  The numbers and asterisks indicate the multiplicity of the relationship. 

In traditional data modelling terms, a class is to an object what an entity is to an occurrence of that entity; or in programming terms what a type is to a variable of that type.  However, classes also define operations - operations cannot exist separately.  The operations, attributes and associations together achieve the responsibilities of the class.  For example, the class Customer is responsible for recording and maintaining data about the company's customers; it will have operations to find a given customer, update customer details, insert a new customer, delete a customer, etc. 

2.  Encapsulation and information hiding

Packaging data and operations together is called encapsulation.  The encapsulation mechanism provides two desirable software qualities:

· Proper modularity - reusable units of code that are as independent as possible (loosely coupled, or not very dependent on other units of code). The fact that we can only use an object by sending it a message asking that the object perform an operation is the key to reusability. Object independence shields the internal workings of the object from changes in the outside system and it keeps the system from being affected when changes are made to an object. This means that there are fewer 'ripple effects' from changes.

· Data abstraction/hiding.  An object's name, class and the names of its operations form its public interface (what other parts of the program can see), but exactly how the object stores data or performs methods is hidden in the private interface.  How the object performs its operations is not relevant to other objects, so long as the object functions as it should (black box thinking).  This means that irrelevant detail is abstracted away (hidden). The data encapsulated in an object can only be accessed by using that object's operations - operations designed to ensure that the data is handled properly.  We can think of data as being surrounded by a protective outer ring of operations.

3.  Inheritance

Inheritance is a mechanism that allows new classes to be defined in terms of existing classes; a new class can be defined as a specialisation of one that has already been written.  The specialised class automatically includes or inherits the operations and attributes of the class from which it is created.  O-O terminology has different ways of describing this relationship:

Specialised class
inherits from the
general class

Child class

inherits from the
parent class

Sub-class

inherits from the
super-class

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 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. 

A medical system, for example, might contain information about patients and doctors.  Much of the data attributes and methods we need for both patients and doctors may be quite similar (e.g. name and address, phone number, insert, delete).  Although we could define each class separately, it might be simpler to define one general class called person that contains the data and methods needed by both patients and doctors, and then have these classes inherit the properties of the person class.  When using inheritance, we arrange classes in a hierarchy in which the generalised classes are at the top and the specialised classes are at the bottom.  Notice how a class can be both a super-class and a sub-class (e.g. doctor). 

Instead of repeating the attributes and methods in the doctor and patient classes separately, the attributes and methods that are common to both are placed in the person class and inherited by the classes below. Inheritance makes it easier and faster to define classes and redundancy is reduced. Reuse of code by 'cloning' classes helps ensure that consistent standards are applied (e.g. via a class library). 

An inheritance relationship is indicated, diagrammatically, by a line between classes with a triangle pointing towards the parent class.  Conventionally, inherited features are not shown in the specialised classes, but features that are introduced in the specialisation are shown. 

4.  Polymorphism

Polymorphism means that the same message can be interpreted differently by different objects. A message will tell an object to perform a particular operation, but how the operation is executed (the method) will depend on which object receives the message; each object is responsible for interpreting the message appropriately.  For example, if we sent a message 'draw yourself' to a square object, a circle object and a triangle object, the results would be very different even though the message would be the same. 

This means that the programming of events is simpler; replacing or changing objects in a system is easier; and there are fewer ripple effects from changes within an object or in the system itself.
In the inheritance hierarchy below, the operation talk is first defined in the class Person. Each of the specialised classes: Baby, Toddler, Teenager, Mother, Father, Granddad, Granny, specialises the operation, so that each has a different method associated with the operation.

The message, talk, will produce a different response depending on the class of the object to which it is sent.

Class
Method implementation

Person

Baby

Toddler

Teenager

Teenager

Mother

Father

Granddad

Granny
I'm not saying anything

Wah, Wah

Contents of the attribute vocabulary

(male) Grunt, Grunt

(female) Where's my mascara?

Have you tidied your room?

I'm going to football

I'm (currentYear minus yearOfBirth) years old

When's the boxing on?

· This means that if we send an object of class Baby the message 'talk', it will respond 'Wah Wah'.  

· If an object of class Toddler is sent the message 'talk', it will respond by outputting the entire value of the attribute 'vocabulary'.

· An object of class Teenager will respond variously depending on the value of the attribute 'gender': if male it will respond 'Grunt Grunt'; if female 'Where's my mascara?'

· If an object of class Granddad is sent the message 'talk', it will subtract its year of birth from the current year and tell us its age.

Student activity

Imagine that we have created objects from our class hierarchy as follows. How will they respond to the message 'Talk'?




RESPONSE

A Baby
Named Amber



A Toddler
Named Noah
Whose vocabulary is 'Mama' and 'No'


A Teenager
Named Edward
Of male gender


A Teenager
Named Lisa
Of female gender


A Mother
Named Lola



A Father
Named Matthew



A Granddad
Named David
Born 1911, current year is 2003


A Granny
Named Janet



According to the creators of UML (Booch, Jacobson and Rumbaugh, 1999, cited in Dennis et al, 2002, pp.14-15), any modern object-oriented approach to developing information systems must be:

1. Use-case driven. Use cases are the primary modelling tool for defining the behaviour of a system.  A use case describes how the user interacts with the system to perform some activity, such as placing an order, making a reservation, or searching for information.  The use cases are used to identify and communicate the business requirements for the system to the programmers who must write the system.  All other details of the system are derived from the system's use cases.  Use cases are inherently simple because they focus on one activity at a time.  In contrast, the process model diagrams (hierarchical DFD's) used in structured methods are far more complex because they require the analyst and user to develop models of the entire system at a time rather than just one activity.

2. Architecture centric. The underlying software architecture should support three separate, but interrelated, architectural views of a system:

· The functional view describes the external behaviour of the system from the perspective of the user.  Use cases are used to depict the functional view.

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

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

3. Iterative and incremental. OOAD approaches using UML emphasise that a complex system is best built as a series of small iterations (supports RAD/prototyping); each release provides an increment in functionality.  The same UML diagramming techniques are used throughout all phases of the SDLC (although some diagrams are more important in some phases).  The UML diagrams are rather conceptual and abstract at the start of the SDLC, and as development moves through the SDLC, the diagrams gradually become more detailed.

Benefits of the object-oriented approach

Concept
What the concept supports
What the concept leads to

Classes, objects, methods and messages
· A more realistic way for people to think about their business

· Highly cohesive units that contain both data and processes
· Better communication between user and analyst

· Reusable objects

· Benefits from having a highly cohesive system

Encapsulation and information hiding
· Loosely coupled units
· Reusable objects

· Fewer ripple effects from changes within an object or in the system itself

· Benefits from having a loosely coupled system

Inheritance
· Allows us to use classes as standard templates from which other classes can be built
· Less redundancy

· Faster creation of new classes

· Standards and consistency within and across development efforts

· Ease in supporting exceptions

Polymorphism
· Minimal messaging that is interpreted by objects themselves
· Simpler programming of events

· Ease of replacing or changing objects in a system

· Fewer ripple effects from changes within an object or in the system itself

Use-case driven


· Allows users and analysts to focus on how a user will interact with the system to perform a single activity
· Better understanding and gathering of user needs

· Better communication between user and analyst

Architecture centric
· Viewing the evolving system from multiple points of view
· Better understanding and modelling of user needs

· More complete depiction of information system

Iterative and incremental


· Continuous testing and refinement of the evolving system
· Meeting real needs of users

· Higher quality systems

Source: Dennis et al, 2002, p. 19

Briefly explain the difference between the following pairs of terms. Try to think of small examples to illustrate your answers.

1. Class/object

2. Attribute/operation

3. Association/multiplicity

4. Sub-class/super-class

5. Message/method

6. Encapsulation/datahiding

· The Object-oriented (O-O) Approach to Developing Systems 
Using UML

What O-O promises is a new approach to systems development which will produce software that is more:

· Maintainable

· Testable

· Reusable

· Able to cope with large and complex systems.

 Basic characteristics of O-O systems (concepts)

1. Classes, objects and messages
2. Encapsulation and information hiding

3. Inheritance

4. Polymorphism

1. Classes, objects and messages
a) Objects

· The basic building block of O-O software is the object.  Software objects model the real-world objects. These objects or 'things' form the subject matter of the system (simply put, what you will keep information about). 
· Objects in an O-O system can represent: 
· physical things (customers, products, books), 
· conceptual things (orders, loans, reservations) or 
· organisational things (companies and depts.).  
· computer implementation features (GUI windows, files, linked lists), but this type of object is ignored in the early stages of development.

· Real-world objects will have certain properties or attributes that are of interest to the system developer: 
· a customer in a mail order system will have a name, an address and a telephone number; 
· a product will have a product number, a description and a price; 
· a car knows the amount of fuel it has in its tank, the speed at which it is moving, the temperature of its engine.

· Real-world objects also have characteristic behaviour: 
· a customer can change her address or telephone number; 
· a product can be withdrawn or have its price changed; 
· a car can start, stop, move forward or backwards. 

· Like the real-world object it models, a software object packages together data and behaviour. 
· To represent the real-world car as a software object, its data (amount of fuel, speed, temperature) will be translated into attributes, and its behaviour (start, stop, move, etc.) into procedures (known as operations or methods).

Jemima: Car

fuel = 6.4 litres

speed = 32 mph

temperature = cool

· Operations are not mentioned in an object diagram, but are specified in the class description (see 'classes' below).  It is understood that all objects of a given class know about and have access to these operations.
· A diagram of an object concentrates on showing what is unique to each object, such as the object name and its attribute values.
Messages

· Objects collaborate to achieve the functionality required by the system.  An object will be sent a request to perform its part in the functionality.  In turn it may send a request to another object to perform the next part of the functionality.  The sending of such requests is known as message passing.  
· Let us assume that the software using our car object also has a person object, and that person is called Tom.  If Tom wants the car to start, he must send it a message telling it to execute its start operation.




Tom:Person

Jemima: Car

· An aspect of the O-O approach, highlighted by message passing, is the emphasis placed on building objects that are independent and self-sufficient.  Objects once triggered/activated by a message, take charge of executing their own responsibilities.
· The only way that a program can read or change the data carried by an object, or access the data in any way at all, is by invoking one of the pieces of program code (operations/methods) that the object carries within itself.

Classes

· An object is defined in terms of its class.  
· When we specify that a class will have certain attributes and certain operations, we determine that all objects of that class, that is, all instances of that class, will have the same structure - precisely those attributes and precisely those operations. 
· Notice that a car object (being a particular instance) has values for its attributes (e.g. 6.4 litres), but a class (being a general representation) does not.

· We can think of a class as being an object factory, a template for all objects of that class.

· The lines that connect the classes are known as associations and indicate that these classes have some sort of relationship.  
· The numbers and asterisks indicate the multiplicity of the relationship (e.g. 1 to many). 

· In traditional data modelling terms, a class is to an object what an entity is to an occurrence of that entity; or in programming terms what a type is to a variable of that type.  
· However, classes also define operations - operations cannot exist separately.  The operations, attributes and associations together achieve the responsibilities of the class.  
· For example, the class Customer is responsible for recording and maintaining data about the company's customers; it will have operations to find a given customer, update customer details, insert a new customer, delete a customer, etc. 
2.  Encapsulation and information hiding

· Packaging data and operations together is called encapsulation.  The encapsulation mechanism provides two desirable software qualities:

· Proper modularity - reusable units of code that are as independent as possible (loosely coupled, or not very dependent on other units of code). 
· The fact that we can only use an object by sending it a message asking that the object perform an operation is the key to reusability. 
· Object independence shields the internal workings of the object from changes in the outside system and it keeps the system from being affected when changes are made to an object. This means that there are fewer 'ripple effects' from changes.

· Data abstraction/hiding.  An object's name, class and the names of its operations can be seen by other parts of the program, but exactly how the object performs methods is hidden.  
· How the object performs its operations is not relevant to other objects, so long as the object functions as it should (black box thinking).  This means that irrelevant detail is abstracted away. 
· The data encapsulated in an object can only be accessed by using that object's operations - operations designed to ensure that the data is handled properly (data is protected). 
3.  Inheritance

· Inheritance is a mechanism that allows new classes to be defined in terms of existing classes; a new class can be defined as a specialisation of one that has already been written.  
· The specialised class automatically includes or inherits the operations and attributes of the class from which it is created.  O-O terminology has different ways of describing this relationship:

· Specialised class
inherits from the
general class

· Child class

inherits from the
parent class

· Sub-class

inherits from the
super-class

· 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 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. 

· A medical system, for example, might contain information about patients and doctors.  Much of the data attributes and methods we need for both patients and doctors may be quite similar (e.g. name and address, phone number, insert, delete).  
· Although we could define each class separately, it might be simpler to define one general class called person that contains the data and methods needed by both patients and doctors, and then have these classes inherit the properties of the person class.  
· When using inheritance, we arrange classes in a hierarchy in which the generalised classes are at the top and the specialised classes are at the bottom.  Notice how a class can be both a super-class and a sub-class (e.g. doctor). 

· Instead of repeating the attributes and methods in the doctor and patient classes separately, the attributes and methods that are common to both are placed in the person class and inherited by the classes below. 
· Inheritance makes it easier and faster to define classes and redundancy is reduced. 
· Reuse of code by 'cloning' classes helps ensure that consistent standards are applied (e.g. via a class library). 

· An inheritance relationship is indicated by a line between classes with a triangle pointing towards the parent class.  
· Conventionally, inherited features are not shown in the specialised classes, but features that are introduced in the specialisation are shown. 
4.  Polymorphism

· Polymorphism means that the same message can be interpreted differently by different objects. 
· A message will tell an object to perform a particular operation, but how the operation is executed (the method) will depend on which object receives the message; each object is responsible for interpreting the message appropriately.  
· For example, if we sent a message 'draw yourself' to a square object, a circle object and a triangle object, the results would be very different even though the message would be the same. 

· This means that the programming of events is simpler; replacing or changing objects in a system is easier; and there are fewer ripple effects from changes within an object or in the system itself.
· In the inheritance hierarchy below, the operation talk is first defined in the class Person. Each of the specialised classes: Baby, Toddler, Teenager, Mother, Father, Granddad, Granny, specialises the operation, so that each has a different method associated with the operation.

The message, talk, will produce a different response depending on the class of the object to which it is sent.

Class
Method implementation

Person

Baby

Toddler

Teenager

Teenager

Mother

Father

Granddad

Granny
I'm not saying anything

Wah, Wah

Contents of the attribute vocabulary

(male) Grunt, Grunt

(female) Where's my mascara?

Have you tidied your room?

I'm going to football

I'm (currentYear minus yearOfBirth) years old

When's the boxing on?

· This means that if we send an object of class Baby the message 'talk', it will respond 'Wah Wah'.  

· If an object of class Toddler is sent the message 'talk', it will respond by outputting the entire value of the attribute 'vocabulary'.

· An object of class Teenager will respond variously depending on the value of the attribute 'gender': if male it will respond 'Grunt Grunt'; if female 'Where's my mascara?'

· If an object of class Granddad is sent the message 'talk', it will subtract its year of birth from the current year and tell us its age.
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