// Lab #6:  NFA class, version 9-19-07

// Barbara Wahl

// A Nondeterministic Finite Automaton (NFA) has a non-empty, finite set

// of states Q; an alphabet S; a transition function d which maps Q x (S U {epsilon})

// to P(Q); a unique "start" state; and zero or more "final" states.

// Notice that in an NFA, there can be zero, one, two, or more transitions from

// a given state on a given alphabet symbol, and epsilon-transitions are also 

// allowed (transitioning without processing an input symbol).

// Data Fields

// As for DFAs, states will be labelled 0, 1, 2, etc., where state 0 is always

// the start state.  Final states will still be represented with a boolean isFinal 

// array.  The only change is in representing the more complicated transition 

// function.  With n states and m alphabet symbols, plus the epsilon symbol, there

// are n x (m+1) possible inputs to the transition function.  An output from the

// transition function has to specify a list of zero or more states; for example, 

// the output could be represented with a 1-dimensional boolean array where "true"

// values are used to indicate valid transitions.  In essence, this implementation

// suggests a 3-dimensional boolean array:  for each possible state i, for the

// jth alphabet symbol (or epsilon), for each possible state k, transition[i][j][k]

// is "true" iff we can transition from state i to state k on the jth alphabet

// symbol.

// Methods

// The most critical method is one which will take a given NFA and

// create an equivalent DFA.  This DFA's functionality can then be

// used to simulate the NFA.

import java.util.Scanner; // for keyboard input

public class NFA {


// ** DATA FIELDS **


protected int numStates;


protected Alphabet S;


protected boolean[][][] transition;


protected boolean[] isFinal;


// ** CONSTRUCTOR **


public NFA() 


// no-arg constructor, uses console input to construct the NFA


// post: creates NFA according to information obtained from the user


// (state 0 is assumed to be the start state)


{



// create a Scanner for getting keyboard input



Scanner scanner = new Scanner(System.in);



// print welcome message & reminder that start state is 0



System.out.println("****** Welcome to the NFA maker! ****** " +





"\n Remember, state 0 is automatically the start state.");



// ask user how many states; don't accept inappropriate input



int num = 0; // an inappropriate input



while(num < 1)



{




System.out.print(">> Enter a positive integer (number of states): ");




num = scanner.nextInt();



}



// initialize numStates



numStates = num;



// ask user to provide a String representation of the alphabet



System.out.print(">> Enter a string with no spaces or repeated characters (alphabet): ");



// initialize S



S = new Alphabet(scanner.next()); 



// allocate the isFinal array



isFinal = new boolean[numStates];



// Use a single for loop to discover, for each state, is it final?



// Use responses to initialize isFinal array.



// Be flexible about the exact form of the input (query repeatedly



// until a reasonable response is obtained).



String inString;



for(int i=0; i<numStates; i++)



{




while(true)




{





System.out.print(">> Enter true or false -- is state " + i + " final? ");





inString = scanner.next();





if(inString.equals("true") || inString.equals("t") || inString.equals("T"))





{






isFinal[i] = true;






break;





}





else if(inString.equals("false") || inString.equals("f") || inString.equals("F"))





{






isFinal[i] = false;






break;





}




}



}



// allocate the transition array



transition = new boolean[numStates][S.getSize()+1][numStates];



// The three-dimensional boolean array "transition" initially has



// all "false" entries (no transitions).  Just need to have the user



// indicate which cells to set to "true".  To remove transitions, set



// array entry back to "false". Use a while loop, prompting user to 



// take an action or indicate "done"



int response, oldState, newState, index;



String symbol;



boolean done = false;



while(!done)



{




System.out.println("Choose an action: ");




System.out.println("  1 = add a non-epsilon transition");




System.out.println("  2 = remove a non-epsilon transition");




System.out.println("  3 = add an epsilon transition");




System.out.println("  4 = remove an epsilon transition");




System.out.println("  5 = print current NFA");




System.out.println("  6 = done constructing NFA");




response = scanner.nextInt();




switch (response)




{




case 6: // done





done = true;





break;




case 5: // print





this.printNFA();





break;




case 4: // remove epsilon transition





System.out.println("remove epsilon transition FROM state number: ");





oldState = scanner.nextInt();





System.out.println("remove epsilon transition TO state number:" );





newState = scanner.nextInt();





index = S.getSize(); // use for epsilon transitions





transition[oldState][index][newState] = false;





break;




case 3: // add epsilon transition





System.out.println("add epsilon transition FROM state number: ");





oldState = scanner.nextInt();





System.out.println("add epsilon transition TO state number:" );





newState = scanner.nextInt();





index = S.getSize(); // use for epsilon transitions





transition[oldState][index][newState] = true;





break;




case 2: // remove non-epsilon transition





System.out.println("remove transition FROM state number: ");





oldState = scanner.nextInt();





System.out.println("remove transition TO state number:" );





newState = scanner.nextInt();





System.out.println("remove transition on SYMBOL" );





symbol = scanner.next();





// assume the first char of string "symbol" is the desired char





// find its position in the alphabet S





index = S.toString().indexOf(symbol.charAt(0));





transition[oldState][index][newState] = false;





break;




case 1: // add non-epsilon transition





System.out.println("add transition FROM state number: ");





oldState = scanner.nextInt();





System.out.println("add transition TO state number:" );





newState = scanner.nextInt();





System.out.println("add transition on SYMBOL" );





symbol = scanner.next();





// assume the first char of string "symbol" is the desired char





// find its position in the alphabet S





index = S.toString().indexOf(symbol.charAt(0));





transition[oldState][index][newState] = true;








} // end switch



} // end while



System.out.println("\nCongratulations!  Your NFA has been constructed as follows:");



this.printNFA();


}


// ** ACCESSOR METHODS **


public int numStates()


// post:  returns number of states in the NFA


{



return numStates;


}


public Alphabet getAlpha()


// post:  returns a COPY of the NFA's alphabet


{



return new Alphabet(S.toString());


}


public boolean[][][]getFunc()


// post:  returns a COPY of the NFA's transition array


{



boolean[][][] array = new boolean[numStates][S.getSize()+1][numStates];



System.arraycopy(transition,0,array,0,transition.length);



return array;




}


public boolean[] getFinal()


// post:  returns a COPY of the NFA's isFinal array


{



boolean[] array = new boolean[numStates];



System.arraycopy(isFinal,0,array,0,isFinal.length);



return array;


}


// ** OTHER METHODS **


public void printNFA()


// post:  pretty-prints the NFA specifications


{



// report numStates



System.out.println("numStates = " + numStates);



// report alphabet



System.out.print("alphabet S = ");



S.printAlphabet();



System.out.println();



// report the final states





// use a flag to detect if there are NO final states (print "(none)")



System.out.print("The final states are: ");



boolean flag = true;



for(int i=0; i<numStates; i++)



{




if(isFinal[i])




{





System.out.print(i + " ");





flag = false;  // turn flag off; there's at least one final state




}



}



if(flag)




System.out.print("(none)");



System.out.println();



// report the transitions in form (i,x) -> j where



// i and j are integers representing states and x



// is an alphabet symbol (or epsilon)



System.out.println("Transition function:");



// first the "regular" transitions



for(int i=0; i<numStates; i++)




for(int j=0; j<S.getSize(); j++)





for(int k=0; k<numStates; k++)






if(transition[i][j][k])







System.out.println("(" + i + "," + S.charAt(j) + 







") -> " + k);



// then the "epsilon" transitions



int j = S.getSize(); // symbol = "epsilon"



for(int i=0; i<numStates; i++)




for(int k=0; k<numStates; k++)





if(transition[i][j][k])






System.out.println("(" + i + "," + "epsilon" + 







") -> " + k);



System.out.println();



}


public static void main(String[] args) {



// Build an NFA called N1 from console input



NFA N1 = new NFA();




}

}
