Remember our example finite state machine which modelled  WorkWorld?  We had an InWork state, a InPub state and an AtHome state.  The transitions rules between states were identified as the events GoHome, GoPub, GoWork and AnotherPint.  The chart is reproduced below and includes the actions associated with the events when changing states.



  



Figure 1: WorkWorld

The actions associated with a transition are represented by /Action being appended to the transition, e.g. GoWork/lockDoor indicated the action lockDoor is carried out during the change of state from AtHome to state InWork.

Implementations of state diagrams can use several methods. An obvious and straightforward method is to use multiple case statements to control the transition between states and to execute the actions associated with states and state transitions.

The following example code illustrates this method for the WorkWorld Model:

#include <iostream.h> 

enum State {InWork, InPub, AtHome};

enum Event {GoWork,GoPub,GoHome,AnotherBeer};

void signout();

void lockDoor();

void hic();

void minesAPint();

void Transition(Event e);

int main (void)

{

    int x;


//models transitions:

  
   cout << "\nEnter a number between 0 and 4:\n";

  
   cout<< "0 = GoWork event \n 1: = GoPub event\n ";


   cout <<  "2: = GoHome\n 3: = Anotherbeer\n 4:  

exit program\n";

 
while (x!=4)


{ 

      cin >> x;


  Transition ((Event)x);


}

}

void Transition(Event e)

//deals with state transitions and actions

{


static State s = AtHome;


switch(s)


{


case AtHome:



switch(e)



{



case GoWork:




s = InWork;




lockDoor();




break;



}



break;


case InWork:



switch(e)



{



case GoPub:




s = InPub;




signout();




break;



case GoHome:




s = AtHome;




signout();




break;



}



break;


case InPub:



switch(e)



{



case GoHome:




s = AtHome;




hic();




break;



case  AnotherBeer:




minesAPint();




break;



}



break;


}

}

void minesAPint()

{


cout<<"Mines a pint!!\n";

}

void signout()

{


cout<<"Good night worker W101\n";

}

void hic()

{


cout<<"I'm off home! Hic!!\n";

}

void lockDoor()

{


cout<<"Click - doors locked - off to work!!\n";

}

Another example follows:

This example is based upon an example described in an article by Robert C. Martin entitled UML Tutorial:  Finite State Machines.  It describes the simple turnstyle system shown below.

[image: image1.png]Pass / Alarm

Lock

Cain / Unlock

ked

j@‘m

Pass

Lock




An implementation is shown below:

#include <iostream.h> 

enum State {Locked, Unlocked};

enum Event {Pass, Coin};

void Unlock();

void Lock();

void Thankyou();

void Alarm();

void Transition(Event e);

int main (void)

{

    int x;


//models transitions:



cout << "\nEnter a number between 0 and 2:\n";


    cout<< "0 = Pass event \n 1: = Coin event\n 2:exit program\n";

 
while (x!=2)


{ 

      cin >> x;


  Transition ((Event)x);


}

}

void Transition(Event e)

//deals with state transitions and actions

{


static State s = Locked;


switch(s)


{


case Locked:



switch(e)



{



case Coin:




s = Unlocked;




Unlock();




break;



case Pass:




Alarm();




break;



}



break;


case Unlocked:



switch(e)



{



case Coin:




Thankyou();




break;



case Pass:




s = Locked;




Lock();




break;



}



break;


}

}

void Unlock()

{


cout<<"unlock\n";

}

void Lock()

{


cout<<"lock\n";

}

void Thankyou()

{


cout<<"Thankyou\n";

}

void Alarm()

{


cout<<"ring a ding dong\n";

}

Notice that the majority of the work is carried out by the transition function and that it uses C++ enum types to implement the states.

This method seems straight forward on the surface but will cause big problems during  the maintenance phase of the project if extensions to the state machine are required since code changes for a single state or event require changes across many parts of the code. 

Alternatives include the use lookup tables which include state data and actions and the use of more efficient data structures such as graphs.  Priority queues can be used to good effect here to manage the events.

We can employ the State pattern from the Design Patterns  book.  This defines a consistent way to implement FSMs using an object oriented UML based pattern with C++.
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