
Object Modeling

answerS 
Object Behavior: States, State Transitions, and Statechart Diagrams

The final piece of information that is needed in developing functional requirements is the internal logic for each object.  This information is a description of the actions that are performed by the objects themselves.  A sequence diagram gives an external view of object behavior.  It identifies the messages that are sent and received by the objects.  But what does an object do when it receives a message?  The purpose of a statechart diagram is to describe the internal workings of the objects.  Each class in the class diagram for a system has its own unique statechart diagram.

In the object-oriented approach, how an object performs its actions is called object behavior.  Each object is an instance of a class.  And each object has a complete life cycle, from creation to destruction.  An object comes into existence within the system in some manner.  During the period of its existence, it is "in" certain states, and it makes transitions from state to state.  These states and the changes an object makes from state to state are shown in a statechart diagram.  Two main symbols on the statechart diagram include states and transitions. 

Object States

A state for an object is a condition during its life when it satisfies some criteria, performs some action, or waits for an event.  Each unique state has a unique name.  A state is defined as a semi permanent state of being or condition of an object, such as "on," "working," or "loading equipment."  States are described as semi permanent conditions because they can be interrupted by external events.  An object remains in a state until some event causes it to move to another state.

· State:  A condition of being for an object.  Part of a statechart.

· Action: An activity performed by an object in a particular state.

A state is represented by a rectangle with rounded corners with the name of the state placed inside.  Any actions that must be performed during the period the state is active are placed beneath the state name within the rounded rectangle.

There are two special states that we use to indicate the beginning and the ending of a state chart.  An initial state is denoted by a darkened circle and simply indicates the entry point into a state chart.  It is called a pseudostate, because the entry point may be prior to the creation of the object itself.  Concentric circles with the inside circle darkened denote the final state.  It indicates the exit from the state chart, frequently indicating the removal of the object from the system.

Objects in the world, both system objects and physical objects, behave in more complex ways than being in one state at a time.  The condition of being in more than one state at a time is called concurrency or concurrent states.  We will describe some of this more complex behavior later.  For now, let's just look at a state that represents concurrency.  

To capture an object’s complex behavior we use composite states.  A composite state represents a higher level of abstraction and can contain nested states and paths.  For example, with the previous piece of machinery we may want to identify an "on" state.  While it is on, it may also be "working" or "idle." To document concurrent behavior of a single object, we draw a composite state with the lower portion divided into compartments, one for each concurrent path of behavior.

Concurrency or concurrent states: The condition of being in more than one state at a time within a statechart.

· Composite state: A high-level state that has other states nested within it.
Object Transitions

A transition is the mechanism that causes an object to leave a state and change to a new state.  Remember that states are semipermanent conditions.  They are semipermanent because transitions interrupt them and cause them to end.  Generally, transitions are considered to be short in duration compared with states and cannot be interrupted.  In other words, once a transition begins, it runs to completion by taking the object to the new state, called the destination state.  A transition is represented by an arrow from an origin state—the state prior to the transition—to a destination state and is labeled with a string to describe the components of the transition. 

· Transition: A component of a statechart that signifies the movement from one state to the next.

The transition label consists of three components:


transition-name (parameters, …) [guard-condition] / action-expression

The transition-name is the name of a message event that triggers the transition and causes the object to leave the origin state.  Notice the similarity to the format of the messages described in the previous section.  They are called message events because (1) they are messages from other objects, and (2) they are considered to happen instantaneously like an event.  The parameter list identifies any parameters that are to be passed to the object by the message, such as a customer name or inventory item identifier.  These parameters may be required by the actions identified in the transition or by the actions in the destination state. 

The guard-condition is a qualifier or test on the transition, and is simply a true/false condition that must be satisfied before the transition can fire.

· Destination State: The destination of a transition connected to the arrowhead of the transition symbol.

· Origin State: The origin of a transition connected to the tail of a transition arrow symbol.

· Message Event: The trigger for a transition consisting of a message that has the properties of an event.

· Guard-condition: A true/false test to see if a transition can be taken.

The action-expression is a procedural expression that executes when the transition fires.  Just like the action expressions in a state, it is the activity that occurs during the transition.  However, since a transition cannot be interrupted, an action within the transition must execute to completion once it begins.  It may be any type of procedural expression and may be written in descriptive English or programming language to describe operations, methods, or functions.  Parameter lists may also be included as appropriate. 

· Action Expression: The statement on a transition to describe the action to be performed.

Any of the three components—transition-name, guard-condition, or action-expression—may be empty.  If either the transition-name or the guard-condition is empty, then they automatically evaluate to true.

Normally, a transition causes an object to leave a state and move to a new state or to return to the same state.  An internal transition is a special kind of transition that does not cause the object to leave the state.  There are three versions of an internal transition that are important to us.  These three, identified by their transition names, are the entry/, the exit/, and the do/ transitions.

· Internal Transition: A transition within a state that does not remove the object from the state.

Messages, Transitions, and Actions

There are two types of transition-names that are observed.  One method is simply to name the transition, such as Button Click.  The other type of transition-name corresponds more to the formal syntax presented in the last section: transition-name (parameters,…) and corresponds to the syntax of a message name.  It is common practice to use the same name and parameter list for a message and a transition.  This is one way that sequence diagrams and statecharts are related.

Objects not only receive messages but also send messages.  The sending of a message is normally done as part of an action statement.  Remember that action statements are part of transitions or states.  They are placed wherever activity occurs within the object.  The syntax that we normally use is called dot notation, and it comes from programming languages.  Dot notation simply means that we name the object or class to which the message will be directed, then a dot or period, then the name of the message:

· Dot Notation: A programming notation to indicate which class the method refers to.
Statechart Diagrams

Statechart diagrams consist of a set of states connected with transition arrows.  To read a statechart, one simply follows the flow of the arrows through the statechart. Transitions move an object from state to state or from a state back to the same state.  A transition without a trigger is called a completion transition.  A completion transition fires automatically when the object finishes any activities corresponding to the origin state.  Action statements on both the transitions and within the states carry out the functions that occur during an object's lifecycle as it progresses through the statechart.  
A path represents a flow, with states and transitions, through the statechart.  Sometimes a decision is required to know whether one path or a separate path should be taken.  Decision points in a path are represented by a decision diamond, and are called decision pseudostates.  A decision diamond is similar to a state in that it interrupts the flow of a transition arrow; however, it is not a true state. 
· Completion Transition: A transition with no trigger event so that it is taken when the origin state completes its actions.
· Decision Pseudostate: A diamond on a statechart to represent a decision point on a path.
· Path: A valid sequence of transitions and states through a statechart.
Concurrent Behavior

Concurrent behavior occurs when an object is in two states at the same time or on two separate paths in a statechart at the same time.  True concurrent behavior happens frequently in the real world.  You, as a person, are normally doing several things at the same time -- chewing gum, reading a book, and walking around can all be done at the same time.  In computing, we see examples of concurrent behavior when an operating system is doing several things at once, such as receiving a message over the Internet, printing a document, and responding to keystrokes from the keyboard.  In a statechart diagram, multiple concurrent paths are referred to as separate threads of execution, or simply as separate threads. 

Concurrent behavior can be represented in two different ways with a statechart diagram.  One way is with a composite state with multiple compartments.  Each compartment represents a separate thread of execution.  The second way is to separate the threads by splitting a transition into two transitions with a synchronization bar.  A synchronization bar is used to divide a transition into two or more independent and active threads, or to recombine several threads back into one thread.  
The difference between separate transitions out of a state and out of a synchronization state is that two transitions out of a state mean the same thing as a decision pseudostate, either one path or the other, but not both, is active – an OR situation.  Two paths out of synchronization bar means that both are active – an AND situation. 
· Thread: An active path particularly when multiple paths can be concurrently active.
· Synchronization Pseudostate: A vertical bar denoting a point where transitions can split or combine for multiple threads.
Statechart Development

Statechart development is an iterative process.  It usually requires several refinements before a statechart is complete.  The following steps will help to understand how to develop a statechart. 

1. Review the class diagram and select the classes that will require statecharts.
2. Identify all the input messages across all sequence diagrams for the selected class. 
3. For each selected class in the group make a list of all the states you can identify.
4. Build statechart fragments and sequence the fragments in the correct order. 
5. Review the paths and look for independent, concurrent paths. 
6. Decorate each transition with the appropriate message event, guard, and action-expression.  Decorate each state with the appropriate internal transition and action-expression.  
7. Review and test each statechart.
· Statechart fragment: A portion of a path in a statechart.
New Branch School District

Situation: The New Branch School District operates a fleet of 40 buses that serve approximately 1,000 students in grades K–12. The bus operation involves 30 regular routes, plus special routes for activities, athletic events, and summer sessions. The district employs 12 fulltime drivers and 25 to 30 part-time drivers. A dispatcher coordinates the staffing and routes and relays messages to drivers regarding students and parents who call about pickup and drop-off arrangements.
1. Identify possible actors and use cases involved in school bus operations.

Actors might include Applicant, Dispatcher, Driver, and Student. Use cases might include Add Driver, Add Route, Assign Student, and Assign Seat.
A sample use case diagram for the Add Driver use case follows:
	Name:
	Add Driver

	Actor:
	Dispatcher/Driver

	Description:
	This use case describes the process used to add a new bus driver assignment

	Successful Completion:
	1. Dispatcher adds driver to records

2. Dispatcher assigns driver to available route

3. Dispatcher notifies school, and driver of assignment

4. Dispatcher gives keys to driver

	Alternative:
	1. Dispatcher adds driver to records

2. Dispatcher assigns driver to substitute list

3. Dispatcher notifies school, and driver of substitute assignment

4. Dispatcher puts driver on waiting list for permanent route assignment

	Pre-condition:
	Applicant possesses appropriate license

	Post-Condition:
	Driver entered in records and given assignment

	Assumptions:
	None


2.
Create a use case diagram for the school bus system.

A sample use case diagram for the Add Driver and Assign Route use cases follows:











3. Create a sequence diagram for the use case you selected.

A sample sequence diagram for the Add Driver use case follows:










4. Create a state transition diagram that describes typical driver states and how they change based on specific actions and events.
A sample state transition diagram for the Add Driver use case follows:
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