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1 Inputs

Use Case Document
Proof of Concept Prototype
Logical Data Model
Business Rules Document

2 Outputs

System Analysis Model
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3 Overview

Use case implementation is about defining the interactions between internal objects that need to take place in order to implement the functionality defined in the use case document. A class diagram is created to define the objects that will be involved in the use case implementation including system interface objects and an optional use case control object. These objects are added to a sequence diagram for the basic flow and a sequence of interactions between the objects is created to implement each line in the use case description. Further sequence diagrams are created to implement each alternate flow and sub flow. These are connected together with hyperlinks to make the use case implementation easy to navigate. Each time a sequence diagram is completed the object model is updated to ensure that it fully supports the functionality of the use case.
Once sequence diagrams have been created for each flow in the use case, linked together to follow the flow of the use case and the object model has been updated to support all the functionality of the use case, then the use case implementation is complete.
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4 Create Use Case Class Diagram

Create a package with the name of the use case to be implemented in the use case implementations view of the system analysis model (see system analysis model template). Create a class diagram in the package and call it ‘Use Case Name – Class View’.
Examine the use case diagram for the use case:
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 Index
4.1 Add System Interface Classes

For each association between an actor and a use case add a system interface as a class to the class diagram with an appropriate name. Move the class to the logical view.
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4.2 Add a Control Class

Optionally, add a class with the name of the use case to the diagram. This will become the use case controller and is important for traceability into the design model.

 Index
4.3 Add Control Relationships

If a controller has been added, add unidirectional associations from the active actor system interface to the controller and from the controller to the passive actor system interfaces. If no controller has been added, add unidirectional relationships from the active actor system interface to the passive actor system interfaces.

 Index
4.4 Add Entity Classes

Add each entity class in the logical data model that will be involved in the use case add a unidirectional relationship from the controller (or from the screen if there is no controller) to each entity that will be accessed directly by the controller or screen.
For example:
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5 Create Basic Flow Sequence Diagram

Inside the use case implementation package for the use case create a sequence diagram called ‘Use Case Name – Basic Flow’.

 Index
5.1 Add Objects

Add the active actor as an object (an instance of the class, not the class itself) on the left-hand side of the diagram. Then add the active actor system interface, controller if there is one, passive actor system interfaces and passive actors to the right. This can normally be achieved by dragging the actor/class from the use case view/logical view and dropping it onto the diagram as an instance. For example:
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5.2 Add Messages

For each line in the use case flow add messages between objects to implement the line. Use a synchronous paradigm. This means modelling the incoming event across the system boundary as a function call (synchronous message) whose data return will be the event that finally crosses the system boundary going back out again. This will create an ‘activation’ on the object lifeline that starts with the actor action in the line in the use case description and ends with the system action (normally) in the same line in the use case, shown (normally) as a data return across the system boundary. All internal activity will then be a hierarchy of calls and returns between objects.
Messages should be named using operation naming conventions for ease of traceability into the design. Message names for calls should begin with a lower case letter, have no spaces, and have subsequent words start with a capital letter. For example: ‘setProductNumber’. Data returns can be named using prose in lower case stating the data that is returned. For example: ‘description, unit price and available stock’. The name should indicate the expected return from the call if possible. If so, or if there is no significant return, then it is not necessary to show the data return from internal calls as this can be assumed. Data returns across the system boundary should always be shown in order to maintain traceability from and consistency with the use case description.
For example:

	3
	The sales assistant enters the product number into the system
	The system displays the description, unit price and available stock to the sales assistant
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Continue until all lines in the use case flow have been implemented on the sequence diagram. If the diagram becomes large, then break it down into more than one diagram linked together with hyperlinks at the appropriate places so it is easy to navigate the flow.
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5.3 Add Iteration and Selection

If the use case description shows iteration over multiple use case lines, then this can be shown by adding a note to the diagram and anchors from the note to the starting and ending messages together with a description of the iteration condition in the note. For example:
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If a call is conditional and the flow that follows is always the same whether the call is made or not, then the condition can be shown as part of the call name. For example:
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Conditional calls that have subsequent sequences that are different to the basic flow are in fact alternate flows and should be implemented on separate sequence diagrams and linked into the basic flow with hyperlinks.
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6 Add Alternate Flow Sequence Diagram
For each alternate flow and sub flow in the use case document add a new sequence diagram that describes the flow of the alternate or sub flow. Add a hyperlink to each sequence diagram from which the alternate flow is invoked at the correct place in the invoking sequence. Add a return hyperlink to the invoking flow at the end of the alternate or sub flow sequence diagram. The hyperlinks should be organised so that the interconnections between sequence diagrams allow all possible paths through the use case to be navigated easily.
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7 Update Object Model

Once a sequence diagram is completed, the underlying object model should be updated to ensure that it fully supports the functionality described in the sequence diagram. This process ensures that the object model will contain all the functionality required to implement the use case.
It is important to ensure that the underlying object model, which supports all the use case implementations, is used in a manner that is consistent between use cases. For this purpose one person in the team should be appointed to periodically review the object model for consistency use.
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7.1 Map Messages into Operations

Operations should only be added to classes in order to implement messages on sequence diagrams. This ensures that the underlying object model will only contain the functionality required for the use case flows that are to be implemented and so ensure that functionality is added that will not be tested.
Create an operation on the class of the target object for each message in the sequence diagram. Do not add parameters, parameter types or return types at this point. It is likely that these will be subject to significant change during design. Also, adding them will take a significant amount of effort and reduce the willingness to create a complete set of sequence diagrams for each flow in each use case.
Link the message in the sequence diagram to the operation name so that if the operation name changes, the message name will change with it. If there is already a suitable operation available on the class that has been created for another sequence diagram then reuse it, provided that you are sure of the full functionality of the operation.
The whole of the above can normally be achieved directly from the sequence diagram editor.
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7.2 Add Operation Descriptions

Describe the functionality of the operations in the note attribute of the operation in prose. This is preferable to adding notes to the sequence diagram because if the operation is reused between use cases and use case flows, the notes will need to be duplicated. Also, when mapping messages into operations it is important to be able to understand the functionality of existing operations so they can be reused if possible.
If code generation is to be used in design then the operation notes are likely to be generated automatically as comments in the code and so become part of the code documenting process.
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7.3 Add Necessary Attributes

Add any attributes that are needed to support the functionality of the sequence diagram to the classes of the objects. Be sure to describe the meaning of the attribute in the problem domain and any constraints that apply to the values that it can take on.
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7.4 Add Necessary Associations

Walk through the messages on the sequence diagram and ensure that there are associations on the use case class view diagram with the necessary directionality to support each message. Only add associations that will actually be navigated as part of the use case. Do not delete associations that have been added to support messages in other use case implementations.
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8 Step Flow Activity Diagram
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