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1. Overview

1.1. Purpose

This document describes a case study that illustrates the use of the State Design Pattern
. This program was written using Visual Studio 2008.
1.2. State Machines – A Quick Overview

A State Machine is a form of Deterministic Finite Automata, in that for each state there is exactly one transition for each possible input. When an input occurs, the State processes the input, possibly changing its internal state.

There are two basic types of Finite State Machines: Moore and Mealy.

1.2.1. Moore Machine 

In a Moore machine, the next state is determined solely by the current state. An Event may trigger a change of state, but does not itself determine the next state. An example would be a series of functions that are called in sequence at regular clock ticks. The clock tick is the event that triggers a state change, but does not itself determine the next state.
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In pseudo-code, a Moore machine can be implemented using a simple static array: 

States[0] = StateA

States[1] = StateB

States[2] = StateC

States[3] = StateD

Next_State = Current_State + 1

IF Current_State > 3 THEN Current_State = 0

1.2.2. Mealy Machine

A Mealy machine is more complex, in that the next state is determined by the [Current_State, Event] pair. In other words, a Mealy machine produces an output for each transition. This is the most common form of state machine.

The following is an example of a Mealy machine, in which the next state is determined by both the current state and the input event.
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This diagram shows six states (A - F) and ten transitions. in pseudo-code, the transition table would look like this: 

[StateA, Start] => StateB

[StateB, Error] => StateD

[StateB, OK] => StateC

[StateC, OK] => StateC

[StateC, Recoverable_Error] => StateE

[StateC, Fatal_Error] => StateF

[StateD, Retry] => StateB

[StateD, Abort] => StateA

[StateE, N/A] => StateD

[StateF, Abort] => StateA

State C has a holding condition - the OK transition. This means that it remains in StateC until one of the two errors occurs. States E is a transitional state, such as a cleanup task prior to StateD. Its next state is pre-determined.

1.2.3. Common Factors

Regardless of the type of state machine, the following common factors apply:

Entry action, which is performed when entering the state. 

Exit action, which is performed when exiting the state. 

Input action, which processes input based on the present state and input conditions. For example, a parser would accept input in the form of characters, deciding where to put them based on the current state.

Transition action, which is performed when performing a certain transition from one state to the next. This can be combined with the Entry and Exit actions by making the Entry and Exit actions aware of the specific event that occurred, allowing the Entry/Exit actions to take the transition-specific action.

Guard action, which can prevent a state change that would have otherwise occurred. In football, the Guard's job is to protect the quarterback from the oncoming defensive line during pass plays. Similarly, in state machines a Guard’s job is to prevent an event from triggering a state change if conditions do not warrant a change (thus protecting the state machine from being “sacked”). A Guard action is called when the Input wants to cause a state change. If the Guard determines that it is ok to change states, then the state change occurs. An example would be a check to see if a printer is ready before changing to a “print document” state.

A state machine must always implement an Input action. The other actions need not be implemented if the specific application would not benefit from them.

1.3. State Design Pattern

There are many possible ways to implement a state machine. The State Design Pattern is one object-oriented way, using polymorphism to create a State object whose behavior changes as its internal state changes. This causes the State object to appear to change its class in response to external events. The pattern creates additional overhead, so may not be suitable for very small projects. Its primary advantage is the added flexibility that comes from decoupling the structure of the state machine from the content of its actions.
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The Context defines the interface to the state machine. In addition, if the Context contains all the persistent information, then the ConcreteStates can be implemented using the Flyweight Design Pattern. This can help minimize the memory usage when multiple instances of the state machine have to exist. Using the Flyweight pattern, there would be only a single instance of each ConcreteState object, which would then be shared by all state machines. The State class would implement the Flyweight factory, probably using the Singleton pattern to ensure that there is only one instance of each ConcreteState object. 

1.4. Case Study Objectives

The overall goals of the case study are:

· Demonstrate the use of the State Design Pattern in a simple application.

· Demonstrate how several Design Patterns interact to form a cohesive solution. Specifically, this project also makes use of the Singleton and Flyweight Design Patterns.

· Demonstrate the use of a Singleton for serializing the chances of the various state machine parameters.

2. Software Requirements

2.1. General Flow

The software simulates a skydiving sequence. The normal flow is as follows:

1. The skydiver arrives at the airport (Idle state).

2. The parachute is prepared (Prep state). 

3. The parachutist boards the airplane (Boarding state).

4. The airplane takes off (InFlight state).

5. The parachutist jumps out of the plane (Falling state).

6. The parachutist pulls the ripcord and lands safely (Landing state).

2.2. Detailed Flow

Of course, there are a few wrinkles that can develop, such as having the parachute fail to deploy! The detailed [State, Event] table is as follows:

	State
	Possible Events
	Result (Next State)

	Idle
	Chicken Out
	Remain in Idle state

	Idle
	Have Courage
	Go to Prep state

	Prep
	Chicken Out
	Go to Idle state

	Prep
	Have Courage
	Go to Boarding state

	Boarding
	Chicken Out
	Guard: Chance of being blocked and prevented from running away. Remain in Boarding state.

Else Go to Idle state.

	Boarding
	Courage
	Guard: Chance of plane being grounded for a random reason. Remain in Boarding state.

Else Go to InFlight state.

	InFlight
	Chicken Out
	When this event occurs, there is a chance the crew throws you out anyway! Go to Falling state.

Otherwise, Go to Landing state.

	InFlight
	Hurl Insult
	Scream a random insult at the pilot. 
Remain in InFlight state.

	InFlight
	Jump
	Guard: Chance of not jumping due to a random occurrence (like someone else being in the way). Remain in InFlight state.

Else Go to Falling state.

	Falling
	Scream
	Hurl a random scream. Remain in Falling state.

	Falling
	Panic
	Forget to pull ripcord. Go to Splat state.

	Falling
	Pull Ripcord
	Chance of a random parachute failure. Go to Splat state.

Else Go to Landing state.

	Landing
	Chicken Out
	Run from landing pad. Go to Idle state.

	Landing
	Courage
	Do it again! Go to Prep State.

	Splat
	Squished
	Call next of kin. Go to Idle state.


The Input for the Input Actions are the user button presses in the program’s user interface. The complete State diagram (showing the Guard conditions) is:
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Guard conditions are shown in brackets on the Transition line. Each state’s input handler accepts the button click from the user interface and determines what event should be triggered (if any). Entry and Exit handlers are passed the Event, so they can implement specific transition actions.
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3. Architecture of the SkyDiving Application

3.1. State Pattern Structure
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3.2. Persistence Structure
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3.3. State Class Collaboration


[image: image8.emf]Client CStateMachine

CState

CStateFactory

1: gReset()

3: gRegisterCallback()

4: gDoStateMachine()

2

:

 

g

G

e

t

S

t

a

t

e

(

m

_

F

i

r

s

t

S

t

a

t

e

)

5

:

 

g

D

o

S

t

a

t

e

6

:

 

F

i

r

e

E

v

e

n

t

7

:

 

g

N

e

x

t

S

t

a

t

e

Concrete CState Objects

8

:

 

g

G

e

t

S

t

a

t

e

(

n

e

x

t

S

t

a

t

e

)


3.4. Event Sequence - Startup
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3.5. Event Sequence - Running
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3.6. Event Activity Diagram
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3.7. Program Components

The program is a Windows Dialog Box application.
3.7.1. CStateMachineDemoDlg

Dialog box for the application.

OnInitIdalog()
Called by the application framework. Reads the state machine parameters from the Serializer and resets both state machines.
Posts a message to allow the user interface to be initialized once it is painted on screen. (Dialog screen objects cannot be initialized here, as they don't yet have an HWND).

OnAfterInit()
Completes initialization by setting up the dialog box screen objects.

OnFailedInit()
If the state machines failed to reset in the OnInitDialog(), then this function is called instead of OnAfterInit(). This informs the user of the failure.

OnBnClickedButton1()
Handles the action for the first state machine.

OnBnClickedButton2()
Handles the action for the second state machine.

Callback()
Creates a messagebox to display any text messages sent by the state machines.

OnBnClickedButton4()
Handles the action to open the parameter file and allow editing of the various chances of the guard conditions.

3.7.2. CStateMachine

The state machine. Holds the context that is used by all states, allowing the states themselves to be Flyweights. Accesses the factory to gain access to the concrete states.

gDoStateMachine()
The main function for the state machine. Processes the input token through the current state's gDoState() method and fires any event that the state may have triggered.
gGetDescription()
Returns the current state's self-description. In this demo, this is used to get the state's menu text.

gReset()
Initializes the state machine and sets the first state.

gRegisterCallback()
Registers a callback function that concrete states can use to send text back to the state machine's owner.

SetState()
Gets a concrete CState object from the factory. State objects are both Singletons and Flyweights.

FireEvent()
Processes an event that was set by a state.

IsMyEvent()
Since several state machines can be instaniated using this same class, this allows the state machine to catch coding errors in the event a concrete state returns an event that is for a different state machine.

IsMyState()
Since several state machines can be instaniated using this same class, this allows the state machine to catch coding errors in the event an event tries to invoke a state that is for a different state machine.

Preamble()
Method that is run at the start of the gDoStateMachine() prior to performing any other actions.

Postamble()
Method that is run at the end of the gDoStateMachine() after performing all other actions.

3.7.3. CState

Abstract base class for all concrete states. Provides some protected methods that are shared by all derived classes.

EventStateTable[]
Every derived state class must provide this table of EVENT_STATE_TUPLE tuples. This table maps each relevant event that this state handles to the next state. It is an array of
{ThisEvent, NextState} entries.
GetNextState()
Searches the derived state's EventStateTable[] for the given event to see which state should be set next.

DoCallback()
Provides access to a callback that was registered by the state machine's gRegisterCallback method.

gDoState()
Pure Virtual. Provided by the derived class. This is the state's main function.

gNextState()
Pure Virtual. Provided by the derived class. Calls the base class GetNextState() method with its own EventStateTable[], to see what state should be set in response to this event.

gDoGuard()
Pure Virtual. Provided by the derived class. Run when the CStateMachine::FireEvent() method is processing an event that wants to change the current state.
gDoExit()
Pure Virtual. Provided by the derived class. Run when the CStateMachine::FireEvent() method is about to set a new state.

gDoEntry()
Pure Virtual. Provided by the derived class. Run when the CStateMachine::FireEvent() method sets this as the current state.

gWhoAmI()
Pure Virtual. Provided by the derived class. Returns the ID for this state. Used by the factory to see if this was the requested state.
gGetStateDescription()
Pure Virtual. Provided by the derived class. Returns a text string that describes this state. For this demo, this is the state's action menu.

3.7.4. CStateFactory

Owns all concrete CState objects. Returns pointers to the CState objects. This class is never actually instantiated. Objects are obtained using it's static method.

StateTable[]
Array of concrete CState objects.

gGetState()
Static method. Searches the StateTable[] until it finds the state whose gWhoAmI() method returns an ID that matches the requested ID. Returns a pointer to the requested CState object.

3.7.5. CPropertyLong

While the chances of the various guard conditions could have been hardcoded, I decided to instead use an additional concept and create a property collection that would hold those values, on the grounds that this class would be portable to other applications. This is a Singleton that provides access to a collection of properties that are all unsigned longs. In addition, a persistence class is used to persist this collection to a Windows INI file.

3.7.6. CPersistence

While the property collection could have provided its own serializer, I decided to instead use a different concept on the grounds that it could be reusable in other applications. The idea is that an application, not just an object, may have properties and that some (not all) of those properties would be persistent. In addition, the application may wish to have multiple methods of serializing the application data and may also wish to verify the serializer prior to its use. For those reasons, this serializer is owned by the application and is used by the property collection.

This is a base class, from which concrete serializers can be created.

3.7.7. CPersistenceWin

Concrete serializer for persisting properties to a Windows INI file.

� Reference � HYPERLINK "http://www.dofactory.com/Patterns/Patterns.aspx" ��http://www.dofactory.com/Patterns/Patterns.aspx� for a description of the standard Design Patterns (also known as the Gang of Four, GoF, Patterns after the original four authors of the book Design Patterns.
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