State Machines using Classes

In our implementation of the example WorkWorld state machine we used nested case statements.  From this straightforward example we were able to see that the logic and details of each state were spread throughout the program and caused “spagettification” of  the code.  Following the code was tricky and it was clear that adding new states would be prone to error.  As we are aware other methods exist such as lookup tables, use of graph structures, etc. In fact, a common method of implementing a state machine found in object-oriented circles is the state pattern method. The idea here is to create a state machine class which includes a sub-class for every state of your state machine.  This method lends itself to easy maintenance as the programmer need only add a new sub class for each new state that needs including.

From the point of view of a games developer, the UML diagram will look something like this:


The first thing to note is that the state machine is part of the AIBot Class.  This design means we can add state machine functionality to any AI bot (or other class) simply by giving it a state machine class.

The state machine class is an abstract class that implements no methods itself, but instead passes the responsibility for implementation of the methods to each derived state class.  The essential methods for each derived state are Enter(), Execute(), Exit(), Instance() and have the following purposes.

· Enter() method provides a place to put all functionality associated with entering a new state.  
· Execute() is a method which contains 
· the functionality and logic associated with the normal operation of the state and 
· includes the logic which dictates which state to enter next.  
· Exit() contains any functionality associated  with leaving the state.

The state machine will make transitions between states based upon external events and other facts associated with the AIBot.  Therefore any data required by the state machine can and is, stored as part of the AIBot itself.  Therefore the sub-states of the state machine will contain no data.  Only methods exist – we need to realise this to understand the significance of the Instance() method.

The Instance()  method is related only to the implementation of the state machine and does not really contribute anything to the state machine itself. It purpose is solely to make the implementation more efficient. Here’s why.

We could have designed our state machine so that at run-time a current state object will be instantiated for each AIBot that exists. However, as there is no data associated with any sub-state and the methods for each sub-state are identical there is no need to repeatedly instantiate these states for each AIBot. Instead, all we need do is instantiate one version of each state and have each AIBot maintain pointers to its current state.  This saves on memory and processor time since we are no longer continually destroying and recreating states each time the AIBot changes state.  A good thing, this.  So how is this done? The Instance() method comes into play here.
Essentially we create  static state objects once only and allow the AIbot to maintain a pointer to the current state.  The Instance() method comes into play now.  It is used to create a static, global state for all AIBots to use and returns a pointer to this.  Note that this occurs only once during the first instantiation of the state object since we are using the static keyword.  Such single instances of a global object are called singletons.  The use of singletons is contentious in software engineering circles since a static type can be regarded as global in scope, so be careful – its use should balanced against advantages gained such as speed and memory optimisations. The following code illustrates how we instantiate a state and return a pointer to it.
//singlton - static creates one common global state for all to use

InWork* InWork::Instance()

  {

      static InWork instance;

      return &instance;

  }

The calling method can then use the pointer to update the current state pointer as follows:
void AtHome::Execute(Drone* pDrone)

//do stuff here associated with state e.g. sleep, cook dinner,etc

//also contains logic for changinging states.

  {


  if (pDrone->timeForWork())


  {



  pDrone->ChangeState(InWork::Instance());


  }

  }

How do we use a state machine design like this?  First ensure you instantiate one or more AIBots.  The we make use of the, so far unmentioned Update() method.  The game manager must ensure that each AIBot’s Update() method is run once at every game tic. The update method simply calls the AIBot’s current state’s execute() method which will determine what state, if any, to change to.
void Drone::Update()

   //The update method should be called each time step

   //in the main game loop.

  {


pCurrentState->Execute(this);

  }
Note the use of the this pointer.  Since each state may require data concerning the AIBot who own’s the state machine, then the state machine’s methods must know where to find this AIBot object and its data.  The this pointer is used to achieve this. The this pointer contains the address in memory of the calling AIBot object and passes it to the state machine.

The attached code illustrates all the ideas discussed above by implementing a two state version of the WorkWorld state machine.
This code is available on moodle.
Exercises
1. Create a WorkWorld project using the code provide on moodle and test it for correct functionality.  
2. Familiarise yourself with the structure and code of the project, especially the use of pointers and static objects used to handle state changes.

3. Enlarge the Workworld state machine to include an InPub state and discover appropriate things to do whilst in this state.  

4. Create 2 or more AIBots and ensure their functionality remains independent.
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