MT211 Revision


MT211 Object-oriented Technology - Revision Notes

1. Software Life Cycle
· Requirement Analysis – produces negotiated statement of requirement

· System Analysis – produces a system specification

· System Design – produces a design document

· Implementation – produces Smalltalk code

· Testing and Integration 

· Maintenance (all the above) – modify an existing system

2. statement of requirements 

· Customer sets out in detail what a proposed software system is required to do (behavioural requirement), and may specify limitation (constraint or non-behavioural requirement) upon the system and the development process.

· a design directive is a statement which tells developer what decisions should be taken during design activity. 

· an implementation directive tells developer what should be done during implementation activity. 

· For example,

· the system should respond to teller’s request for those account which have been overdrawn since the beginning of the month (behavioural) within three seconds (constraint)
· the new financial reporting system must use the same database which is currently employed by the existing accounting system (design directive)

· the software must be written in C++ (implementation directive)

3. CARC Concepts:
· Class describes the behaviour of a set of objects of the same kind
· Association is a connection/relationship between objects that is significant for the application area.

· Responsibility refers to the behaviour of the class of objects in meeting the requirement of the system. Two forms: responsibility for recording information (attribute) and for doing something (protocol)

· Collaboration with other objects (sending messages to other objects) is the means object uses to fulfil its responsibility

4. Identify classes

· look for tangible objects, roles (employee, student), events (registration, enrolment), organisational units, etc.

· textual analysis: identify noun or noun phrases from statement of requirements

· Example of abstract class: a doctor is always either a consultant or junior doctor. This implies that Doctor is an abstract class which has no instance and  is used to define common behaviour. 

· Example of orchestrating instance: Administration has only one instance. Every object model must have an orchestrating instance.

5. Identify associations

· look for verbs and verb phrases

· class-association matrix: take the classes that have been identified and pair them together in a matrix and consider if an association between two classes is of significant to application area

· We know that Patient object can be associated with Nurse object via On-Same-Ward association. However, this association is said to be redundant because it can be derived from Has-On and Is-Staff-By. (Please notice that converse is not true).




6. Invariant 

· something which must be true about the class and association instances. For example, it expresses the rule that a doctor who treats a patient must be from the same team as the consultant doctor who is responsible for that patient.

· In my opinion, it is something (esp. rules) which cannot be represented properly in the class-association diagram. Please note that they must be expressed in terms of instances classes and associations. For example,

Invariant 

Any given instance of Nurse is associated with other

instances of Nurse via the Supervises association. Each

of these other instances of Nurse must be associated,

via Is-Staffed-By, with the same instance of Ward with

which the given instance of Nurse is associated via Is-

Staffed-By.

7. Domain model

· underlying software objects, including its messages, protocols, states, etc.

· “everything else” from user interface

· an attempt to describe an application area in terms of objects

· user interface (both textual and graphical) are separated from the actual working part of the application (domain model). Different user interfaces allow same message to be sent to the same object.

· accepted alternative for “domain model” is “problem domain”

8. Collaboration

· Class: Client (which requests service)

Collaborators: Server (which provides service)

· read as ‘Server is a collaborator/helper for Client’. That means, Client can request a service from Server. 

9. anthropomorphism

· Attributing human personality to a software object -- as in, 'The single Administration instances knows about all the other object instances.'

10. directional usage in the navigation of association

· an association may be represented in Smalltalk can vary depending on how the association is to be used.

· For example,



· In order to support navigation from Teacher to Student, in each instance of Teacher, we may need to hold a reference to a collection of Student objects who are taught by that Teacher.

· However, if we want to locate the Teacher who is associated with a particular Student, then in each instance of Student, an instance variable which holds a reference to its corresponding Teacher is required.

11. Walk-throughs (Analysis stage)

· Takes some coherent piece of behaviour that the system must exhibit -- like the admission of a patient on to a ward -- and explores how this behaviour can be effected by the object model.

· two initial stages

· Understanding in application (or problem domain) terms 

· what information is the system provided with?

· what must the system do with that information?

· Understanding in terms of instances of classes and associations

· by taking actions that the system must carry out and deciding, for each action, what is involved in terms of class and association instances

· I would suggest you to visualize the steps over the class-association diagram and make a short note for each step on the diagram. Then, try to formulate them into a comprehensive description.

· Remember that:

i. To introduce a new instance, you need also to add the corresponding associations to that instance (it cannot live alone in the model).

ii. Similarly, to remove an existing instance, you need to remove all its related associations first.

iii. No matter you add or delete an association, it is obvious that you must first get reach of the two object instances that involve in that association.

iv. Please base only on the given information (that the system is provided with) to locate or navigate to the instance. Don't make your own assumption.

· to take account of the responsibilities and collaborations necessary to incorporate the actions involved in terms of class and association

· I would suggest you to check against the following list in order to lessen chance of any possible omission of responsibilities and collaborations:

i. Who is responsible for the overall action and coordination? What is that action?

ii. Consider for each action in terms of class and association:

a. What responsibilities of involved classes need to fulfil the action?

b. What is the direction of navigation? (:1, :n)

c. Which collaborators are needed?

12. For example, in Administration Walk-throughs

· The system must carry out actions:

· record the info about new patient (name, address, age)

· record the fact that the patient is now on the named ward

· Then, formulate into comprehensive description:

i. create a new instance of Patient, such that the instance must record name, address and age of the new patient.

ii. locate the Ward instance corresponding to the named ward

iii. create a new instance of Has-On association, such that it connects the appropriate Patient instance with appropriate Ward instance.

· the problem domain Administration is a class with just one instance from which all other object instances can be reached by navigation of association instances and other object instances.  That is, the single Administration instance ‘knows’ about all other object instances, either directly (it knows Team because they are directly related via Teams) or indirectly (it knows ConsultantDoctor because it knows Team which in turn knows ConsultantantDoctor). We recognise this unique position of Administration by referring to it as the orchestrating instance. As such, we expect this Administration class to initiate creation of new Patient instance and orchestrate the coherent behaviour of recording the admission of a patient.

· Class: Administration

"There is only one instance of this class and it is the orchestrating instance."

Responsibilities:
Handles admissions

Collaborators:
Patient

· Next we assign to Administration the responsibility for keeping track of Ward instance because it knows about all Ward instances. But Ward is not collaborator for Administration since the action of locating the Ward instance does not involve sending message to Ward instance.

· To create a new instance of Has-On association type, the Administration can send a message to Ward object and Patient object to the effect that they are now related. To carry out this action, Ward and Patient need to collaborate with Administration.

· To locate the Team instance corresponding to the given team code, we need to assign to Administration the responsibility for keeping track of Team instances corresponding to team codes, given that Administration is related to all instance of Team via Teams association (which navigated in the direction of :n).

13. Zombie 

· an unusable object that should have been garbage collected, but now simply takes up memory space. Typically all the objects that care about it have been destroyed, but some bookkeeping reference to it persists, allowing it to evade garbage collection. Sometimes dependents become zombies when their master is removed. If the creation of zombies is repeated frequently, this may constitute a memory leak. Using an instance of Model or its subclasses for any master object, reduces the occurrence of zombies.

· subclassing the 'master' from Model caused the lost objects to be garbage collected because Model has an instance variable dependents which reference the master’s dependents.

14. Approaches to designing usable user interfaces:

· To Use Style Guide

· Style Guide is a collection of design principles and design rules which can be used to develop consistent user interfaces.

· It specifies the way the software should look and so all Apple and Microsoft user interface look similar.

· Teleocentric design (usage-centric)

· In this approach to user interface design, the purpose for which the software is being designed is paramount. Thus the developer is creating tools which allow the users to achieve their goals easily and quickly.

· It requires less detailed knowledge of the users and the environment in which they are working.

· Main techniques: use-case and essential use-case

· Use-case is a generic scenario. As such it describes a specific interaction using generic language. E.g.

(a)  A telephone salesperson answers a call.

(b) The introductory screen is already being displayed.

(c)  Having established that the caller wants to make a booking, the salesperson

selects the Booking button.

(d) The salesperson enters the details.

(e)  The salesperson selects the Make booking button and selects the appropriate
· Essential use-case is further level of generalisation which represents the abstract interaction, focusing on its purpose. Thus, it represents the essential information with a use-case. E.g.

Name: MECEBS

Essential purpose: Booking film seats

	User actions                             
	System response

	Requests to make a booking

Enters details

Requests seat availability

Books seat
	Displays details needed

Details displayed

Displays seating plan and availability

Displays modified seating plan




· Discount Usability Engineering

· This is an approach to developing a usable user interface, created by Jacob Nielson. It involves heuristic evaluation, observing users and think-aloud.

· Usability of a user interface concerns with (1) how easily and quickly user achieve the goal (2) how quickly user learn to use it (3) do they like it.

· Our approach 

· a variant of discount usability engineering

· uses a mixture of design principles and data collection techniques

· User needs analysis (which comprises of the user characterisation, task analysis and situational analysis) is used to inform the design of the user interface and thus this approach is referred as being user-centred.

· Two techniques of knowing the user

· Analysing the available documentation (Documentary Analysis)

· Observing the users (Observation)

15. Responsibility-driven Design

· embody encapsulation in the design before it is implemented

· it does so by viewing a system in terms of the client/server model

· the advantage of client/server model is that it focuses on what services a server provides for clients – its specification, rather on how the server provides them – its implementation.

· Encapsulation effects this same separation between the specification and the implementation of an object. Therefore, during design, by focusing on what rather than on how means that we shall have embodied encapsulation in the design  before we implement that design.

· focusing on responsibilities of objects maximises encapsulation

16. Walk-throughs (Design stage)

· When developing a design from the object model, our approach would be to focus on representing the responsibilities. Thus, for each coherent behaviour that the system must exhibit (that we analysed by means of walk-through), we shall need to consider how the actions the system must carry out are represented in terms of responsibilities.

17. Stages of design activity

· i. Refining and representing the class structure

· ii. Representing responsibilities

· iii. Representing collaboration and orchestrations

18. Refining and representing the class structure

· the class-association diagram developed during the analysis activity forms the basis of the class structure which will be implemented as Smalltalk classes.

· two tasks

· (i) refine the initial class structure (by factoring out common behaviour into abstract classes)

· (ii) incorporate the refined class structure into the Smalltalk class library

19. Types of responsibility (AIRO – pronounce arrow):

· I – responsibilities for recording information

· A – responsibilities for performing actions

· R – responsibilities concerned with keeping track of related objects

· O – responsibilities for performing walk-throughs’ actions (by the orchestrating instance)

· Guidelines (do in the reverse order of AIRO):
· O – appears only in the class of orchestrating instance, “Handles…”
· R – looks for key words of “Keeps track of …”
· I – looks for key words of “Recording …”, “Maintains…”
· A – those responsibilities left behind after identifying the above three

20. Representing responsibilities

· responsibilities for recording information (I)

	Class: Patient
	Superclass: (Person)

	Responsibility
	Type
	Collaborator
	Smalltalk variables and methods

	Maintains the patient's age
	I
	
	Instance variables:

age ---> aSmallInteger

Instance methods:

age

age: aSmallInteger

“Set the age of patient to a SmallInteger – between 0 and 120. Answer the receiver”


· we can enforce the class of object to which each instance variable refers by a precondition for the set accessor method

· responsibilities for performing actions (A)

· Normally, just the instance methods (their method names and comments) are enough. For example, to express the responsibility of “Calculate the total cost of purchase”:

calculateTotalCost

“Calculate the total cost of the purchase”

21. Represesnting collaboration and orchestrations

· Responsibilities concerned with keeping track of related objects (R)

· When deciding on how to represent associations, we need to consider the multiplicities and the directional usage.

· E.g. 1



This is one-to-one association type. If Team needs to collaborate with ConsultantDoctor to fulfil a particular responsibility, then each instance of Team will need to hold a reference to its associated instance of ConsultantDoctor. We can do this by including an instance variable in Team, named consultantDoctor, which references the associated instance of ConsultantDoctor.

Then, in “Smalltalk variables and methods” column of design document, we can include the following info to the corresponding R-typed responsibility for the Team class:

Instance variables:

consultantDoctor --- > aConsultantDoctor

Instance methods:

consultantDoctor

consultantDoctor: aConsultantDoctor

· E.g. 2


One-to-many association type where each instance of Ward is associated with one or more instances of Patient. The multiplicity of the association type with respect to Patient is “many”. (N.B. we don’t need to care the multiplicity of the Ward side as long as it is not in the direction of the directional usage).

We can choose OrderedCollection, Set or Dictionary to hold the instances of Patient. And we finally choose Dictionary. Then we can include the following into the design document for the Ward class:

Instance variables:

patients --- > aDictionary (

   patient name -> aPatient



   patient name -> aPatient . . . )



Instance methods:



patients

patients: aDictionary (

   patient name -> aPatient



   patient name -> aPatient . . . )

· Responsibilities for performing walk-throughs’ actions (O)

· E.g. for the O-typed responsibility of Administration class “Handles admissions”, all you need is add the method name and comments to the design document:

Instance methods:

patientAdmissions

“Handles admissions”.

· The general format for presenting a instance variable is:
instanceVariableName ---> an object or a collection of objects that needs to be kept track of

E.g.

transaction ---> aTransaction


activeShoppers ---> aSet( aCustomer aCustomer …)


· Please pay attention to how many instances that needed to be kept track of (notice if a plural or singular form is used). If more than one instances are required, you must use a collection class; otherwise, single object of the class is enough. Please also use a matching instance variable name with “s” at the end for a collection of objects.  For example, we use “customers”, “activeShoppers” and “productGroups” here because they are all referring to a collection of objects.
· Note that the <key> used in a dictionary should be an instance variable in the class of the <value> (probably introduced by representing Type I responsibility of that class).  And that instance variable should be a unique key for that particular class.  For example, 
“aDictionary(group name -> aGrouping …)”, “name” is an instance variable in the “Grouping” class and each grouping instance would have a unique name.

· Please be very careful when ‘reading’ a one-to-many relationship diagram.  (see p14 of Chapter 33). For example, 




A ward has many patients (one-to-many) but one patient can only be on one ward (one-to-one).  Thus, whenever you read a 1:m relationship, you need to be careful from which side you are looking at that relationship. If you get confused during the exam, don’t be panic. Think out a typical example (like the above one where you can apply your common sense) and compare it to your new association.

Then, you will not make the mistake by referencing a collection of Organisation objects and a collection of WorthyCause objects in the Sponsorship class. In other words, you should be very clear that every Sponsorship object is associated with only one Organisation object and only one WorthyCause object respectively.

22. types of method used to describe the behaviour provided to subclasses

· i. Base methods
· to implement behaviour in one place so that it can be inherited by subclasses

· E.g. the brown method of Amphibian class

brown


"Set colour of receiver to Brown. Answer the receiver."


self colour: Brown

· ii. Abstract methods
· to fully specify the subclasses’ responsibilities and it itself does not do anything particularly useful

· the subclasses are expected to re-implement (override) the entire method

· E.g. the right method in Amphibian class

right


^self subclassResponsibility

· iii. Template methods
· provide an abstract definition of an algorithm (i.e. step by step logic where each step can invoke a base or abstract method)

· subclass must implement specific behaviour to provide the full services required by algorithm.
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