Sequence Diagrams
Model the Dynamic Activity:

The interaction between objects can be modelled using sequence diagrams.

Interaction diagrams

Interaction diagrams model the interactions or collaborations that take place between objects.  There are two types of interaction diagrams - sequence and collaboration diagrams - that can be used to model the interactions that take place between the objects in an information system.  When modelling interactions, we model at the object level rather than the class level.

The Basic Concept of Sequence diagrams

Each use case in a system has a use case description that identifies the steps involved in its achievement (each use case description describes one or more scenarios). Sequence diagrams are used to identify the actors and objects involved in a particular scenario and the message passing between them. However, the main contribution of the sequence diagram is that it shows object interactions arranged in time sequence.

Here is an example of a scenario where a driver is entering a car park:

1. Sue approaches the car park and can see 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 recognised as one that is known to the Just A Line system.

6. Sue's card is returned.

7. The entrance barrier is raised.

8. Sue drives into the car park.

9. Her car's departure is detected.

10. The barrier is lowered.

The interactions in this scenario are between the actor, Sue (in her role as a car driver) and objects of the following classes: Car Park, Valid Cards, Card Reader, Full Sign, Barrier and Sensor.  However, as soon as we begin to draw the sequence diagram, we find that there are more issues that have to be sorted out.  For example, what turns the full sign on and off?  Where does the sensor send the message that a car has been detected?  Where do the instructions to raise and lower the barrier come from? Answers to these types of question can not come from the user as part of requirements elicitation; these questions involve events that are internal to the system, which must be answered by the system developer.

One of the purposes of constructing a sequence diagram, therefore, is to identify gaps and inconsistencies; drawing a sequence diagram reveals new issues in a scenario that we thought was complete.

Across the top of the diagram are the actor and the objects involved in the interactions when a car enters the car park.  The actor is represented by a stick figure (on the left), and the objects (in no particular order) by named rectangles.  The fact that the names are underlined and prefixed by a colon shows that it is the particular objects that take part in interactions, not the classes themselves.

The dotted line underneath each actor and object is called its lifeline; the arrows represent messages and information passing between the actor and objects.
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If we follow the arrows down the diagram, we can see exactly what happens when a car enters the car park.  The sequence of events is as follows:

1. The car driver sees that the Full Sign is off.

2. A car's arrival is detected by the sensor and this information is passed to the car park.

3. The car park checks to see if there are still spaces (an additional check in case a driver ignores the full sign).

4. There is still at least one space available.

5. A card is inserted into the card reader by the car driver.

6. The card reader reads the card number and checks that it is in the list of valid cards.

7. The card is known to the system.

8. The card is returned.

9. The card reader tells the barrier to raise itself.

10. The sensor sends a message to the barrier that the card is no longer detected.

11. The barrier lowers itself.

12. The barrier tells the car park to subtract 1 from the number of available spaces.

13. The car park checks to see if there are still spaces.

14. There is at least one space available.

The events in this sequence are not exactly the same as those in the original scenario, since the sequence diagram illustrates not only the interaction between actor and system, but also exchanges of information between objects inside the system.  So, the sequence diagram is based on the requirements elicited in the scenario, but illustrates early design decisions on the way that these requirements are going to be implemented and how the functionality is going to be shared out between the classes.

The sequence diagram below shows the scenario when the card that is inserted is not known to the car park system.  The scenario is as follows:

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

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

3. Her car's arrival is detected.

4. Sue inserts her card in the card reader.

5. The card is not recognised as being known to Just A Line.

6. A message is displayed to say that the card has not been recognised.

7. The card is returned.

8. Sue drives away.
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Using the class diagrams, different scenarios can be converted to sequence diagrams.
Formal Implementation Sequence Diagrams

As already stated, across the top of the sequence diagram are the actor and the objects involved in the interactions for the scenario being illustrated.  The actor is represented by a stick figure (on the left), and the objects (in no particular order) by named rectangles. Each different scenario identified in the use cases is illustrated with its own sequence diagram e.g. user logs in, add product to cart, checkout, browse products, etc. These sequence diagrams should be kept as short and simple as possible.
For each use case, you will already have drawn an analysis level sequence diagram. A simple approach to identifying classes and drawing a sequence diagram is to convert the analysis objects into their appropriate web pages, forms and classes.

The following is a login use case:

	Use Cases Name: User Login

	Stake Holders and Interests:

User

	Brief Description:

User logs into application. When the application starts the main window is hiddent and the login dialog box is displayed immediately.
When a user logs in correctly, this use case is extended by the Display Main Window use case. 

If the user enters the incorrect username or password then a warning message is displayed on the dialog box.

	Trigger:

User starts the application.

	Normal flow of events:

1. User starts the application
2. Login dialog box is displayed

3. User enters username and password to login

4. Login details are checked

If login details are correct, the S-1 display main window subflow is performed

If login details are incorrect, the S-2 failed login attempt subflow is performed 

	Subflows:

S-1:

1. Login dialog box is closed

2. Hidden main window is shown; this is handled in the Display Main Window use case.

S-2:

1. Display login error warning beneath the login form

	Alternate/Exceptional flows:




The robustness diagram for this scenario looks like this.
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The analysis sequence diagram is drawn like this.
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From this we get the four classes MainForm, LoginDialog, UserLogin and User. The methods can also be deduced from the analysis sequence diagram.
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Each use case has a generalized description of its most common scenario – its main course or main flow. In such a flow you describe the interaction of participating objects as an ordered set of steps of actions that and actor (or system) takes as the flow plays out. A participating object takes a set of actions, communicating the results of one or more of these actions in a message to another participating object. Sometimes the participating object needs help from another object, so it requests a service in a message to the other object. When you draw a sequence diagram, you emphasize the message sequences among the participating objects.

Object Lifelines

Object lifelines are drawn as a box containing the objects name and/or the class name of the object, with a dashed line below it. We will only ever display the class name.
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Messages
Messages exchanged between objects are shown as arrows drawn between object lifelines.

A procedural message invokes operation in receiving object and is indicated by filled solid arrowhead. The sender can only send one procedural message at a time and is blocked until the receiver returns. A return can be drawn as a dashed arrow but we normally omit these to simplify the drawing.

IMPORTANT: Procedure messages are the methods defined in the class diagrams, so you must create the class diagrams first. UML tools like Visio will then allow you to draw a message exchange between lifelines and choose the method from the class receiving the message.
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When displaying the method name on the message exchange, you can optionally choose whether to show the arguments being passed. To reduce clutter on the diagram, we often just show the method name.
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Notice, the above class names also show the namespace of the class.

Sometimes you may want to specifically use an event message to indicate a button has been pressed, a timer has timed-out, etc. For example, a human being will interact with the system using events like clicking a button, typing text into a text box, etc. A message is still used but with an open arrow head:
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Don’t worry about getting these mixed up, we are not too concerned with getting this fairly minor detail right.

Hint: When naming the event, include the name of the control e.g. if the user logs in by clicking the Button called “loginButton” then either use the name of the control & the type of the event i.e. “loginButton Click” or just use the controls name if the event type is obvious e.g. a Button can only be clicked.
Note: I’m not going to talk about asynchronous events but you may wish to investigate this concept in more detail yourself.

Object Lifetime

When an object is created (instantiated by new operator) during a scenario we can show this by moving the object lifeline down the diagram to start where the object is created.

Say we have a FurnitureShop that uses a Factory to create Desks, the class diagram might look like this:
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Whenever the furniture shop wants a desk, it asks the Factory to build the desk for it i.e. it creates a new desk object. In other words, the desk object doesn’t exist at the start of the scenario but is created during it.
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Note, <<create>> is a stereotype which adds more information to the model (see below). Basically, it implies the new operator is used i.e. Desk desk = new Desk();
You can also show where an object is deleted using a cross.
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Here object2 is deleted after the Cancel() method is called. Note: in C# this implies Object1 has a reference to object2 which is set to null so we no longer have a reference to it (garbage collection will do the rest).

class MyClass1

{

     private MyClass2 object2 = new MyClass2();

     public void CleanUp()

     {

          object2.Cancel();

          object2 = null;         (object2 is destroyed here

     }

}

Somewhere in the program...

MyClass1 object1 = new MyClass1();

object1.CleanUp();

Object Activation

Objects may be active during the entire sequence or only for part of the sequence. The period of time during which the object is active is shown by a narrow rectangle drawn down the lifeline. Active can be interpreted as executing an objects method.
For example, furniture shop uses the factory to build a desk thus activating the factory but no longer uses it in this scenario after the desk has been created. The shop then sets the colour of the desk, activating the desks object. This can be seen below:
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We will not be using this method because it clutters the sequence diagram.

Frames

A frame provides a portable context for a diagram. Once enclosed inside a frame, a diagram may be nested inside another diagram. A frame consists of a name and a content area.
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For a frame containing a sequence diagram, it is common to add the keyword sd before the name of the diagram.
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Referencing and Reusing Interactions

Quite a common problem with sequence diagrams is that the scenarios we are developing in our use case documents contain overlapping requirements. The solution is to create a named sequence diagram (using a frame) and then refer to it by name in the other diagrams. To refer to this interaction we use what is called an interaction occurrence, which is created using a frame and adding the labelling it ref with the name of the referenced sequence diagram included in the frame.
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For example, say the login process requires some complex decryption sequence we would split out the decryption process into its own diagram and then refer to it in the other diagrams.
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Branching in Sequence Diagrams

WARNING: Although as we shall see, we can add branching and loops into sequence diagrams it can result in very ugly hard to read diagrams. Only use this approach if the sequences are fairly short and clear. Otherwise, draw the alternative sequences in separate diagrams using references where steps would be repeated.
In your use case documents you have documented subflows and alternative flows and will want to display these in the sequence diagrams. This also assumes that you have created the classes with appropriate methods from these documents.

Informally, subflows can be drawn in sequence diagrams by using the notes field on the left hand side of the diagram.
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The more formal UML way of achieving this is to use frames again, but specifying the sequence as optional (opt), may be repeated (loop) or may have alternatives (alt). In UML opt, loop, break and alt are known as operators (there others you may want to investigate yourself). Again, heed the above warning when applying these techniques.
When using opt you provide a constraint (i.e. condition) called a guard to indicate when the sequence would be executed. For example, a user logs into a Windows application and we want to show the sequence that would occur on a successful login. The guard here is [login OK] and we only Show the main form when they login successfully.
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You can get very specific in the guard condition, even checking the specific return from the method e.g.
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Note that the opt operator doesn’t show what sequence we need to execute when the login fails, if we want to show this on the same diagram we should use the alt operator instead.
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You can also show iteration using the loop operator i.e. loop between some min and max as long as the guard is true. Below we loop between 1 and 3 times while the login fails, if the user successfully logs in then we leave of the loop early. 
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Note you can add a frame with the break operator to escape from the loop based on some guard condition.

Extending the Sequence Diagram using Stereotypes
A stereotype provides additional/new meaning to a model element. Stereotypes can be shown in two ways, either in guillements << meaning >> or as an icon.

Although not official, we will use the following stereotypes for Windows applications.
	Stereotype Name
	Stereotype Description

	<<windows form>>
	Windows Form: A Windows form which may just display information or allow user to enter data.

	<<dialog box>>
	Dialog Box: A Windows dialog box.

	<<message box>>
	Message Box: A message box.

	<<custom control>>
	Windows Custom Control: A user control.


For a web application, the official stereotypes are given by the Web Application Extensions (by Jim Connallen).
	Stereotype Name
	Stereotype Description

	<<server page>>
	Server Page: A web page that has scripts executed by the server. Actually, represents the parts of a web page that are executed at the server.

	<<client page>>
	Client Page: A HTML formatted web page and is a mix of data, presentation and even logic. Client pages may include client-side scripting e.g. JavaScript.

	<<form>>
	form: A collection of input fields that are part of a client page. A form class maps directly to a HTML form.


Scenario 1:

When a user runs an application, a login screen is displayed and the user is asked to enter their username and password. If the user logs in correctly, the main screen of the application is displayed. See the User Login use case above.
The robustness diagrams and analysis sequence diagrams have already been drawn above.

As a Windows application, the boundary objects become the Windows forms, dialog boxes and message boxes. So we can directly convert the analysis sequence diagram to an implementation sequence diagram by changing the analysis level objects to classes. Likewise, the requirements descriptions can be converted to suitable method names.
Again, we have already seen the classes but here they are again but with the stereotypes added to provide more description of what they represent.
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Then add them to the sequence diagram with the stereotypes added.

The MainForm is a windows form and the LoginDialog is a dialog box.
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Scenario 2:

Using the same scenario as above, we apply it to a website with a Home and a Login pages. Furthermore, client-side JavaScript will be used to check if the user details have been entered.

The Web Application Extensions (WAE) provides a number of stereotypes to identify the different types of web pages that perform functionality in a web application.

The trick here is that the Login page is represented as three classes a web form that the user enters their username & password into, a client-side class to check that the details were entered using JavaScript and a server-side class that reads the values entered into the form and performs the login. Finally, a User class is still used to read the login file or database. 
For ASP.Net the server side class actually exists as the code behind file i.e. an ASP.Net page is represented by a class at the server. The other two “classes” for the form and client are conceptual but allow client side functions to be identified.

The three classes that we will use to represent the login page are a client-side LoginPage, a HTML form called LoginForm and the server-side code UserLogin. 
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The Login form is a part of the client page, and the relationship is therefore drawn as a composition. When the form is submitted the details are passed to the server side code to process, so an association is drawn between these classes. The stereotype <<submit>> is used to indicate that the server side code is run when the form is submitted by the user.
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Actually, the server side script uses the User class to search the login file or database, so the complete class diagram is:
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The sequence diagram for the successful login process can now be produced.
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Notice that we don’t create a login page or re-display the home page; instead we use a <<redirect>> stereotype to load a new page into the browser. The User object has to be created when the server side code executes, because the server never stores variables or objects when the user moves between web pages.
Task 1:

You have already seen the use case below and identified the classes.

Using the classes you identified, develop the sequence diagrams for this use case.

Use the appropriate stereotypes e.g. <<form>>, <<redirect>>, etc
	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 is extended by the Show Product Details use case.

When a customer decides to buy, this use case is extended by 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 is extended by 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:

3. System returns a list of roses of the selected family

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

5. Only 10 roses are displayed in the page.

S-2:

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

3. 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.


The Basic Concept of a Collaboration Diagrams

A collaboration diagram, like a sequence diagram, shows interactions between objects.  However, rather than focusing on the time-ordering of message passing, collaboration diagrams emphasise the flow of message passing (the relationships) between the objects.  A collaboration diagram is very similar to a class diagram except that it shows message passing relationships instead of aggregation or inheritance associations, and also shows the actors involved.

The collaboration diagram below shows the scenario where the card that is inserted is not recognised a car park system.  By comparing it to the sequence diagram at the top of the worksheet that shows the same information, you can see the difference between the intent of the two diagrams.

In the collaboration diagram below, the named rectangles represent the objects and the lines show the links between them.  Numbered arrows indicate the messages and the order in which these occur.
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Again the formal details of drawing real collaboration diagrams have not been discussed. We will not be using these diagrams.
Visio 2008

To add the stereotypes, go to the UML menu and select the “Stereotypes…” menu item.
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In the UML Stereotypes dialog box, click the “New” button and type in a name and select the Base Class to which the stereotype is being applied.

“Class” for stereotype applied to class diagram.

“ClassifierRole” for stereotype applied to sequence diagram object.

“Message” for a sequence diagram message.
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Sequence Diagram

Select the UML Sequence window.
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Drag Object Lifeline object onto page.
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Select and right click then pick Properties from menu.
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Name the object then in the Classifier drop down list choose the class that this object represents.
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If this object represents a windows form, etc, then choose the stereotype from the list. Note: if you can’t find the stereotype then add it (as a “ClassifierRole”) as described above.

If you want to show it being destroyed at the end of the lifeline, right click and select the Shape Display Options. Tick the Destruction marker option, and a cross will be shown at the end of the lifeline.
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To create messages, drag them from the UML Sequence window and link them between the life lines of the classes. 
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If you added a Message(call) then pick the operation required or add a new one to the class. Select the Flow kind i.e. procedure call or flat.
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To avoid displaying the return value in the message, delete its name from the arguments.
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To prevent the arguments being shown on the message exchange, right click the message exchange and select Show Display Options. Deselect the Message arguments option.
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Actors

Drag an actor from the UML Use Case and below it just draw a dashed line by hand.
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