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1 Inputs

Use Case Diagrams
Use Case Documents

Use Case Implementation Sequence Diagrams
Logical Data Model
Business Rules Document

2 Outputs

Updated System Analysis Model
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3 Overview

A state model is made up of statecharts: one for each class that has state dependent behaviour. Most will be children of classes in the logical data model and will model the life history of the entity. Others may be children of control classes with dynamic behaviour, for example, use case controllers (see Develop Use Case Implementation Task).
In order to prevent developing an activity diagram, which is the logical inverse of a statechart, the statechart should be developed in the order: states, transitions, events and conditions. Actions are not necessary for the analysis as these appear in the relevant sequence diagrams. Activities should be avoided.

Statecharts provide a place to put certain kinds of business rule and a check of the completeness of the functional requirements in the use case model.

Statecharts can be created and updated at anytime during the analysis stage. However, it is worth creating a first cut of the statechart for each data entity class with state dependent behaviour once the initial logical data model has been created.

Statecharts can also be created during business modelling as children of business data entities. This can be useful as a completeness check for the business process model and provide a graphical way to define business rules in the business model.
The statechart should not contain any syntax other than that defined in these guidelines with the possible exception of actions on transitions and event action blocks in states that are not currently covered here. This is to prevent the misinterpretation of those syntaxes that are defined in the UML 2.0 superstructure specification but which are interpreted in widely different ways by the modelling community.

 Index
4 Add States
Starting with the entity classes in the logical data model, find a class whose behaviour changes when it’s passive state changes. Add a statechart as a child of the class. Think about the passive states through which an object of that class will go over the lifetime of the object. Some of these states can be found by looking at use case diagrams, pre and post conditions in use case documents, and conditions in use case implementation sequence diagrams. Only include states that will affect the behaviour of the class, not all possible, or a random selection of, primitive states of the object. Which states these are may only become apparent as the diagram is developed, but an experienced modeller will be able to work them out early on.

 Index
4.1 Initial and Final States

Add one initial state to the diagram. The initial state indicates the non-existence of the object before it is created. The transition from this state to a normal state indicates object creation.
If the object is explicitly destroyed, then add a final state to the diagram. The final state indicates the non-existence of the object after it has been destroyed. A transition to this state from a normal state indicates object destruction. Name them ‘start’ and ‘end’.

For example:
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4.2 Simple States

Add simple states with passive names that indicate the stable state of the object. For example: ‘Booked’, ‘Shipped’. The word ‘Shipping’ is perfectly valid provided that the object, in this case of the class ‘Order’, remains in that state for a significant period of time and there available events to put the object it into and take it out of the state. Do not use active verbs such as ‘book’, ‘ship’ for state names. These are the names of instantaneous events that cause transitions, not passive states. This is different to an activity diagram which has active states with names that begin with active verbs. Do not confuse the two. If it is possible under some condition to enter a state and immediately exit from it, then that path, which should have been modelled as a transition between states, has been modelled as a state. For example:
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Overlapping states should be avoided. That is, it should not be possible for the status defined by the state name to be true for more than one state at a time. If this is so, then the states should be renamed so that they cannot be true at the same time. For example: if it is possible at one point in time for the object to be in only one of the following four states:
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Then it would not be right to have the four states ‘For Collection’, ‘For Delivery’, ‘Immediate’ and ‘Backordered’ as these would overlap. This is a recognition of the fact that there are really two status variables here, one which has the possible values [‘collection’ | ‘delivery’] and the other the possible values [‘immediate’ | ‘backorder’]. The correct approach in this situation is to multiply out all the possible combinations of values and use the combinations as the state names or to create concurrent statecharts that interact.

 Index
4.3 Hierarchy and Concurrency
Do not create hierarchic states (sub-machines in UML 2.0) or concurrent states (composite states with regions in UML 2.0) when first creating the diagram. Develop it flat first and then look for hierarchy and concurrency.
Hierarchy is evident when transitions with exactly the same event/action block leave different states and arrive at the same state. These states can be said to have common functionality and can be modelled by placing the states with common functionality inside a ‘sub-machine’ state and showing the common transition as exiting the sub-machine state. If a transition is shown as entering a sub-machine state, then an initial state will need to be defined inside the sub-machine state in order to initialise the sub-state. A better approach is to take the incoming transition immediately to the sub-state, if possible. If the sub-state upon entry into the sub-machine state is to be remembered from its previous state, then a transition can be made to the history symbol of the sub-machine state.
A composite state with regions can be used to show concurrent statecharts that interact. As statecharts define the behaviour of the objects of classes which are essentially concurrent, then a better approach to concurrency is either to break the class down using aggregation so each part has its own statechart, or simply create two statecharts as children of the same class and cross-reference them. In any case it is usually better to do the whole of the behaviour on one diagram first and then partition it later if appropriate.
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5 Add Transitions
Add a transition for each possible change between states. For a data entity these will generally be changes, other than simple data edition, that occur when the data record is created, destroyed and processed as part of the business process. Most transitions for data entities will occur as a result of a use case being executed. Transitions for control objects will occur during the lifetime of the control object. For use case controllers this will be while the use case is executing rather than just at the end of it when the result is saved.
Additional transitions between the same two states will be needed where the event/action block of the transition is different for different events.
Reflexive transitions are valid if an action should be taken in response to an incoming event while the object is in a specific state, but there is to be no change of state.
For example:
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6 Add Events
Transitions between states are caused by events which become the names of the transitions. Remember that that statechart defines the behaviour of an object, not ‘the system’. The only way into the object will be through the public operations on its class. Ultimately the events should tie up with the available public operations on the class that will have been created as part of a use case implementation. However, as most statecharts are created or updated before all the use cases for the system have been implemented, it would be unreasonable to expect all events to correspond to public operations on the class. Therefore event names can be created to represent notional events that later will need to be replaced by operation names. They should begin with an active verb.
For example:
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7 Add Conditions

Guard conditions can be used to qualify an event so that the transition only takes place when the event occurs and if the condition is true. It should always be possible for the class to evaluate the condition to true or false at the time that the event occurs. The condition can be a compound condition made up of conditions combined using logical operators such as ‘AND’ and ‘OR’.
For example:
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Sometimes a condition is used to disguise the fact that there are other state variables that are not being shown on the diagram in order to reduce the number of states showing on the diagram. This is fine if it simplifies the understanding of the diagram yet still shows the required functionality. However, sometimes it can be better to multiply out the possible values used in conditions and use more states. Try it both ways and evaluate which works best based on ease of understanding.
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8 Check for Consistency

Once the statechart is stable, check it for consistency against the class diagrams and sequence diagrams of the analysis.
There should be a properly specified event for each transition. All incoming events should correspond to a public operation on the class. If not, then the operation has not been created as part of a use case implementation on a sequence diagram. This could be because there is a use case or part of a use case missing in the system requirements. This use of the statechart as a completeness check for the requirements is one of its most valuable assets.
Conditions should refer to attributes that exist in the class or are available on another class at the time when the condition is to be evaluated.
The states should either be defined as the possible values, or combinations of the possible values, of enumerated types that are available on the class, or should be derivable from attribute values and links. The states should not represent the states of other classes. The statechart should define behaviour only for the class to which it belongs.
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9 Step Flow Activity Diagram
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