Introduction to Application Design
Introduction to the UML Diagrams

In the next few worksheets we will be looking at the UML design process and reviewing a number of design diagrams. These diagrams fall into three categories:-

· Static: The static characteristic of a system is essentially the structural aspect of the system. The static characteristics define what parts the system is made up of. 

· Use case diagram 

· Class diagram

· Dynamic: The behavioural features of a system; for example, the ways a system behaves in response to certain events or actions are the dynamic characteristics of a system. Object diagram 

· State diagram 

· Activity diagram 

· Sequence diagram 

· Collaboration diagram

· Implementation: The implementation characteristic of a system is an entirely new feature that describes the different elements required for deploying a system.

· Component diagram

· Deployment diagram

We will not be looking at all these types of diagrams, but for reference here is a description of their usage.

· Use case diagram: The use case diagram is used to identify the primary elements and processes that form the system. The primary elements are termed as "actors" and the processes are called "use cases." The use case diagram shows which actors interact with each use case. 

· Class diagram: The class diagram is used to refine the use case diagram and define a detailed design of the system. The class diagram classifies the actors defined in the use case diagram into a set of interrelated classes. The relationship or association between the classes can be either an "is-a" or "has-a" relationship. Each class in the class diagram may be capable of providing certain functionalities. These functionalities provided by the class are termed "methods" of the class. Apart from this, each class may have certain "attributes" that uniquely identify the class. 

· Object diagram: The object diagram is a special kind of class diagram. An object is an instance of a class. This essentially means that an object represents the state of a class at a given point of time while the system is running. The object diagram captures the state of different classes in the system and their relationships or associations at a given point of time. 

· State diagram: A state diagram, as the name suggests, represents the different states that objects in the system undergo during their life cycle. Objects in the system change states in response to events. In addition to this, a state diagram also captures the transition of the object's state from an initial state to a final state in response to events affecting the system. 

· Activity diagram: The process flows in the system are captured in the activity diagram. Similar to a state diagram, an activity diagram also consists of activities, actions, transitions, initial and final states, and guard conditions. 

· Sequence diagram: A sequence diagram represents the interaction between different objects in the system. The important aspect of a sequence diagram is that it is time-ordered. This means that the exact sequence of the interactions between the objects is represented step by step. Different objects in the sequence diagram interact with each other by passing "messages". 

· Collaboration diagram: A collaboration diagram groups together the interactions between different objects. The interactions are listed as numbered interactions that help to trace the sequence of the interactions. The collaboration diagram helps to identify all the possible interactions that each object has with other objects. 

· Component diagram: The component diagram represents the high-level parts that make up the system. This diagram depicts, at a high level, what components form part of the system and how they are interrelated. A component diagram depicts the components culled after the system has undergone the development or construction phase. 

· Deployment diagram: The deployment diagram captures the configuration of the runtime elements of the application. This diagram is by far most useful when a system is built and ready to be deployed.

(See http://www.developer.com/design/article.php/1553851/UML-Overview.htm)

IMPORTANT:

The following lists the diagrams we will be covering and the order these diagrams should be used in produced.

Requirements Analysis

1. Use Case Diagram

2. Use Case Documents

3. Robustness Diagrams

4. Analysis Sequence Diagrams

Structural Analysis

5. Class Diagrams

Behavioural Analysis

6. State Chart Diagrams ((will only be taught if time allows)
7. Sequence Diagrams

Please note, the design process is iterative so it is expected that you will rework previous diagrams in the sequence as you uncover new issues. However, you should strive to make the requirements analysis as complete as possible before moving onto the other diagram types. Making late changes to the requirements may require in multiple changes to multiple diagrams. 

Basic Requirements Analysis:

To begin designing an application, we need to determine the functionality required and the interaction between visual interfaces displayed to the user.

Role play the interaction between the user and interface(s) in the application.

This is best achieved working in pairs, with one person acting as a user of the application and the other taking notes. Use storyboards to describe the process.
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UML Use Case Documents

Note: We should produce Use Case Diagrams before writing Use Case Document, to allow Use Case Diagrams to make more sense I’m reversing the description of these concepts.

From the storyboards you have created, you can write a series of use case documents describing in detail the operations that are being performed. For example, the following use case describes the process of making an appointment at a doctor’s surgery.

[image: image2.png]Patient doesn't exist

Use case name: Make appointment

Staksholders and interests:
Patient - wants to make, change, or cancel an appointment
Doctor - wants to ensure patient's needs are met In a timely marnner

Brief description:  This use case describes how we make an appointment as
well as changing or canceling an appointment.

Trigger: ~ Patient caile and asks for a new appointment or asks to cancel or change an existing appointment.

Normal flow of events:
1. The Patlent conacts the office regarding an appointment.
2. The Patient prosides the Receptionist with his or her name and address.

Make new appointment

Time required is not available

3. The Receptionist validates that the Patient exiets In the Patient database.
4. The Receptionist executes the Make Payment Arrangements use case.
5. The Receptionist asks Patlent if he or she would like to make a new
appointment, cancel an existing appointment or change an existing appointment.
1 the patient wants to make a new appointmert,

‘the S-1: new appointment subfiow is performed.
1 the patient wants to cancel a existing appointment,
the 5-2: cancel appointment subflow is performed.
If the patient wante to change a existing appointment,
the 5-3: change appointment subflow is parformed.
6. Tho Receptionist provides the resuite of the transaction to the Patlent.

Subfiows:

» S-1: New Appointment
1. The Receptiorist asks the Patient for possible appointment times.

2. The Receptionist matches the Patient's desired appointment times
with available dates and times and schedules the new appointment.
5-2: Cancel Appointment
1. The Receptionlst asks the Patient for the old appointment time.
2. The Receptionist finds the current appointment in the appointment
file and cancels it.
$-3: Change Appsintment
1. The Receptionist performs the 5-2: cancel appointment subflow.
2. The Receptionist performs the S-i: new appointment subflow.

Alternate/exceptional flows:
»3a  The Receptionist exccutes the Create New Patient use case.

| 551, 2at: The Receptionist proposes some alternative appointment
times based on what Is available In the appointment schedule.

-1, 2a2; The Patient chooses one of the proposed times or decides.
not to make an appolntment.





The normal flow of events describes the typical procedure that a patient would follow to make an appointment, with additional sub-flows describing other scenarios identified in the normal flow of events. If problems arise, such as this is a completely new patient, then the actions performed when the scenario deviates from the typical events are detailed in the exceptional flows.
When writing requirements remember the following rules:

1. Each requirement must be clear and concise. Avoid wordy descriptions that can be interpreted in a variety of ways.

2. A requirement statement should focus on one point. The finer granularity enables better traceability through the model.

3. Every requirement must be verifiable. “The UI must be intuitive” cannot be objectively tested and so is not a verifiable requirement statement.

Task 1:

The following is a use case document that describes the functional requirements for browsing the catalogue of an online shop that sells many varieties of roses.
	

	Use Cases Name: Browse Catalogue

	Stake Holders and Interests:

Customer

	Brief Description:

Anonymous online customer browses the online catalogue of roses. There are no restrictions applied to what the customer is able to view in the catalogue, and although they may just be visiting the website they are still considered to be a customer.

Customers can browse the different varieties of roses by a hierarchy of rose families or by searching for a specific variety of rose. The customers can search for roses by name or by keywords from the description of each rose variety.
Information about each rose variety includes the name, description, colour(s), breeder name, year introduced, cost and a picture.

When a customer clicks on a rose to view the full details, this use case includes the Show Product Details use case.

When a customer decides to buy, this use case includes the Add Item to Shopping Basket use case.

If during browsing the customer decides to purchase the items in the shopping basket, this use case includes the Checkout Shopping Basket use case.

	Trigger:

Customer clicks the browse products link.

	Normal flow of events:

1. Customer views the catalogue page and the system displays an initial list of roses that are currently on sale with hyperlinks to display more detail on offer
2. The system displays a hierarchy of the different rose families available and a small search form for the user to enter a name and/or keywords.

3. Customer selects a rose family from the hierarchy or to search.

If the customer selects a rose family, the S-1 browse family subflow is performed

If the customer selects to search, the S-2 search subflow is performed

4. Customer can scroll through the list of roses displayed

5. When more roses are available than can be displayed in a page, the customer is presented with the option to move forward or backward page-by-page through all the available roses as appropriate.

6. Each rose is displayed with its name, picture and price.

7. Customer can view the full details of a rose by clicking on its picture or hyperlink.

8. Customer can at any time add a rose to the shopping basket
9. Customer can at any time checkout the shopping basket.

10. Customer can at any time leave the page

	Subflows:

S-1:
1. System returns a list of roses of the selected family

2. A brief description of the family is provided at top of page before the roses are displayed

3. Only 10 roses are displayed in the page.

S-2:

1. System searches for roses that match the specified name or keywords entered in the search form

2. Customer can select the number of items that are displayed in a page

	Alternate/Exceptional flows:

S-2, 1a:
1. System finds no roses that match the provided search criteria.

2. System redirects to an error page explaining the problem to user

9a:

1. Shopping cart contains no products to be purchased; this is handled by the Checkout Shopping Basket use case.

	


For the above use case, identify a list of candidate classes and any attributes & behaviours that may be associated with them.
There are three missing use cases:

Show Product Details

Add Item to Shopping Basket

Checkout Shopping Basket

You may assume that the uses cases for registration and login have already been written, but you should make it a requirement that a customer must login before purchasing any products.

Using role-playing & storyboards to help you, write the use case documents for these three scenarios.

Use Case Diagrams
A system is always developed for a purpose: to provide functionality, or behaviour, that will satisfy the needs and wishes of clients and users.  Use cases are concerned with the behaviour of the system that is visible externally; they aim to establish what the system does from the user's point of view, in terms that the user can readily understand.  They are functional diagrams in that they describe the essential functions of the system; that is, the ways that the users make use of the system and how the system should respond to the user's actions.  

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.

Creating use case diagrams involves the users working with the analyst to produce:

· the use-case diagram, which depicts graphically the main uses of the system (tasks);

· text-based use-case descriptions which describe the course of events, or sequence of steps that a user will go through for each task.
Each use case describes one and only one function in which the users interact with the system, although a use case may contain several paths that a user can take while interacting with the system (e.g. when searching for a book in an online bookstore, the user might search by subject, by author or by title).  Each path through the use case is referred to as a scenario.

“A use case is a specific way of using the system by performing some part of the functionality.. The collected use cases specify all the existing ways of using the system.”

Scenarios –

· An ambulance becomes free while calls are awaiting allocation

· Often starts and finishes with same actor e.g.


“Customer adds item to shopping cart


… item added to database


… total cost of items calculated


…. cart page opened showing customer contents of cart”
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We can think about the use cases in a system at varying levels of detail.  In the early stages of development, the main use cases are developed.  

Actor

The labelled stick figures on the diagram represent actors.  An actor is not a specific user but a role that a user can play while interacting with the system.  An actor can also represent another system in which the current system interacts.  Sometimes an actor plays a specialised role of a more general type of actor. Both actors can be depicted on the diagram, the specialised actor shown inheriting the behaviour of the more general actor (linked with a line with a hollow triangle), but the specialised actor will extend the behaviour of the generalised actor in some way. An actor defines a role played by a user of the system e.g. human, another system, hardware i.e. video, audio, encoders, decoders, etc
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Association

Use cases are connected to actors through association relationships, which show the use cases with which the actors interact (typically two-way, but a solid arrowhead can be used to designate the direction of the flow of information).  It is also possible to represent the multiplicity of the association.

Use case

“The specification of sequences of actions..that a system, subsystem or class can perform by interacting with outside actors”

A use case, depicted by an oval, is a major process performed by the system that benefits an actor in some way, and is labelled using a verb-noun phrase.


[image: image6.emf]Arrange Meeting


Actors invoke uses cases and/or receive information from use cases. The direction of the information flow may be shown using an arrow head.
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Each use case has a corresponding Use Case Document describing the scenario.

You may also show sub, alternate and exceptional flows in the Use Case Diagram, these are shown as an instance of the Use Case. The alternate scenario is named “credit card ok” followed by a colon (:) and the name of the use case it belongs to “Make Room Reservation”. We have already seen these in our Use Case Document.
However, this can lead to over verbose Use Case Diagrams so they are not commonly shown. In fact, Visio doesn’t support them so you can’t use them.
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At times, a use case:

· includes the functionality of another use case on the diagram (some use cases represent the common functionality of two or more other use cases – for re-use). This is shown using the include relationship and is a mandatory course of action.

· extends the functionality of another use case on the diagram (in unusual/exceptional circumstances, an extra set of actions are sometimes necessary). This is shown using the extends relationship and represents an optional course of action.

· generalises the functionality of another use case on the diagram (parent-child inheritance).  This is shown using the generalisation relationships (the hollow triangle).

Include Relationship

Assuming two or more use cases contain a common scenario.

Concrete use case – describes complete sequence invoked by actor

Abstract use case – describes partial sequence, is only invoked in conjunction with another use case and is known as an inclusion use case
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Notice in the use case document in task1, I talked about including various use cases and this might be shown like this:
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Here, I would argue that the customer might perform these actions from other use cases. For example, from the home page where we might imagine a use case discussing how the content of the home page is created/obtained and want the customer to be able to show a products details. So both View Home Page and Browse Catalogue are using the same steps to show the details.
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Again simplify the diagrams; you don’t have to show all the detail in every diagram just the important relationships you want to highlight. For example, if we assume that the most customers will view the product details before adding it to the basket, and that they are most likely to checkout from the basket then draw this relationship. 
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Just make a note that they can also perform these actions from the View Home Page, Browse Catalogue, etc.

In Visio, this relationship is known as a <<uses>> relationship, although this not typical it means the same thing:
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Extend Relationship

The extend relationship is used to indicate behaviour that takes place only under certain conditions. Base use case specifies a set of extension points at which conditional behaviour may take place. The relationship specifies an extension point and optionally a constraint (some condition) that must be met for the extension to be applied
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“An extension use case could be optional to implement or optional to execute at runtime. Most practitioners prefer the second approach because it seems easy to see whether a use case has a condition to test before it executes. For many use cases, however, it’s hard to define whether something is truly optional to execute. Would a use case be an extension if it’s used by the alternative course but considered included it it’s used by the main course?

It’s better to interpret optional to mean optional to implement. For openers, we believe that UML directed arrow requires the base use case not depend on extension use cases, but a base use case can depend on included use cases.

· You must deliver any included use case along with its base use case.

· You may deliver any extended use case later than its base use case.”

O’Reilly, UML2 for dummies
Obviously there is some discussion on whether extensions should be used for optional to implement, however, I will be happy for you to use extensions for this purpose.
Generalization Relationship

A child use case can inherit requirements of the parent class and behaviour may be modified polymorphically.
Child use case must be useable anywhere the parent use case can be applied
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System boundary

Use cases are enclosed within a system boundary, which is a box that represents the system and clearly delineates what parts of the diagram are external or internal to it (actors are external) i.e. distinguishes between what is being modelled and the outside world.  Use cases are always placed inside boundary. Actors are always placed outside boundary. The name of the system can appear either inside or on top of the box. For clarity, the system boundary is often omitted.
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Use Case Diagram Example

[image: image17.emf]Check Login

___________

Bad Login

User

Find Data

Update Data

Manage Database

«include»

«include»

Scan Fingerprint

Check Password

Freeze User Account

«extends»

(Bad Login)

Application

{Login Attemps > 3}

Application

User

Use Case Diagram 1: Login Process

Use Case Diagram 2: Data Management


In this use case diagram, we see that the user must login into the application as described in the Check Login use case. This use case also must also freeze the user’s login account if they have 3 bad login attempts (it is optional, but I have chosen to show this constraint), and this scenario is sufficiently complex that it has been divided into a new Freeze User Account use case. The account is frozen at the Bad Login extension point in the Check Login use case. 
The application, also allows the user to login by entering a password described by the Check Password use case or by using a fingerprint scanner as described in the Scan Fingerprint use case. Since they inherit from Check Login, this implies they login scenario is identical i.e. we check three times, accept or reject the attempt, etc., but obviously in one use case the password is text and in the other a fingerprint.

Once logged in, the user is able to search for data as described in Find Data and modify the data as described in Update Data. Both these use cases need to use a database, and from the diagram it must be assumed that the managing the database is sufficiently basic that only one use case Manage Database is required to describe. You could create separate use cases for adding, editing and deleting data but remember each of these would translate into fairly short use case documents.
Task 2:

Draw the use case diagrams for the use case documents describing the online shop that you completed in a previous task.

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

Robustness Diagrams

Using the Use Case documents it is possible to identify a number of analysis level objects and to illustrate the main scenarios with a set of robustness diagrams.

	Analysis Level Objects

	
[image: image18.emf]
	Boundary Objects represent the interface between the actor and the system. Instances of these objects are typically entry screens ore special user interface controls. In Web applications, these may represent whole we pages.

	
[image: image19.emf]
	Entity Objects are those things that are described in the use case but that will outlast it. Orders, Customers, Products, Cart and Cart Items are entity objects whose instances may appear in many invocations of use cases. May represent data being stored in a database.

	
[image: image20.emf]
	Control Objects represent processes. These objects represent systems activities that can often be named. Add to cart, checkout, login user, are all processes that are significant enough to be named. Control objects direct the activities of the entity and interface objects.
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	Actor represents the user performing the action or the user to which the interface is being displayed. 


RULES:

· Actors can interact only with boundary objects.
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· Entity objects can interact only with controller objects.
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· Controller objects can interact with any object, including other instances of controllers.
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In a UML use case, Boundary objects are the “nouns” and controllers are the “verbs”.

Boundary objects should be focused on a single task e.g. login form.
Scenario 1:

A jewellery shop requires a web application that allows a customer to view the available jewellery. Initially, the home page displays a limited number of items that can be purchased. To view all items, the customer must login using a login form or a new user must register using a registration form. On successfully registering, an e-mail containing the new password should be posted to the customer. You can assume that the user and jewellery data is stored in a database. 

Only the admin user may add jewellery items to the database using an admin page.
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The previous diagram is too large; I would suggest logically subdividing it into smaller diagrams like this:
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Task 3:

Draw a robustness diagram for the customer using the Play.com website to login, register and display the cart. You can assume that the shopping cart, cart items, user details and products are all stored in a database.

Here’s the home page….
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Clicking on MyAccount takes you to this page….
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Clicking on Create account takes you to this page….
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Clicking on My Shopping Basket takes you to this page….

[image: image30.png]My Accourt | Help o €
PLAY.
m 'COM Al Products [ [ Search |

FREE DELIVERY ON EVERYTHING Your basketis empty

Home  Toys DVD  Bluray Music Tickets Games Books Clothing  Electronics ~Computing Gadgets ~Mobile |l [h(ll;

DVD Bargains | Music Bargains | Console Bundles | Books Bargains | Hi-Def | Calendars | GiftVouchers | Play.com CreditCard | International | Help

Play.com Credit Card The most entertaining card on the web!  More info O

W Shopping Basket Back fo shop

Item Status’ Quantity

You have no items in your shopping basket.
Please select "Back to Shop" to continue shopping.

Back to shop | (e T2 S w




Using your own imagination, show how the process may work for a user that adds two products to the shopping cart. 
The Checkout procedure may look like this:

1. User views a shopping cart page showing the items added to the cart.

2. The user clicks the CheckOut button

3. The total cost, cost of shipping and VAT are calculated by a “Checkout” controller

4. A Summary page is displayed and the user is invited to confirm the order

5. If the order is confirmed the items are removed from the cart and added to the order database.

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

Analysis Sequence Diagram
To describe the way the application works, we can expand the robustness diagram to include more detail of the interaction of these objects.
Study the diagram below for the case where the user has to login the first time they visit the home page.

1. The user opens the home page by typing in the URL

2. The “Display List of Items” controller is asked to load the page

3. The controller reads the jewellery items (typically from a database)

4. A limited number of items are added to the home page and the page is displayed to the user

5. The user opens the login page by clicking on a “login” button
6. The “Login the User” controller is asked to find the user details (typically from a database) 
7. The controller checks to see if the provided user name and password matches one of the stored (registered) users

8. If the login was successful, the home page is loaded but now displays the full list of available items.

9. Else the login failed and an error page is displayed
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Task 4:

Again, based on the above example and robustness diagrams, draw two analysis sequence diagrams for the cases where:

1. A new User has to register before they can login

2. The Administrator adds a new jewellery item

Provide a detailed explanation of your interpretation of what the diagrams are showing. You may use sketches or storyboards to illustrate your answer.

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

Task 5:

Study the Browse Catalogue use case from task 2 then draw the robustness diagram and the analysis level sequence diagram associated with this use case. 
Provide a detailed explanation of the diagrams and the design that you produce, including a discussion of the symbols used and also include references.
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