package finiteAutomata;

/**

 * Nondeterministic Finite Automaton.

 * 

 * <BR><BR>An 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 multiple transitions from a 

 * given state on a given alphabet symbol, and epsilon transitions are 

 * also allowed (transitioning without processing an input symbol). The 

 * language L which is accepted by the nfa is the set of all strings s 

 * in S* which direct the nfa from "start" to any "final" state along at 

 * least one branch of the computation entailed by the transition function 

 * d.  Though nfas seem quite different from dfas, it is a fact that they 

 * have no additional expressive power: every nfa has an equivalent dfa 

 * (a dfa which accepts the same language).

 * 

 * <BR><BR>Data Fields:

 * NFA states are labeled 0, 1, 2, etc., where state 0 is always

 * the start state.  There are data fields "numStates" for recording the 

 * number of states in the NFA, and "alpha" for storing the NFA's alphabet 

 * of input symbols.  Final states are indicated with a boolean array, 

 * "isFinal".  

 * 

 * <BR><BR>With n states and m alphabet symbols, there are n x m possible 

 * inputs to the transition function (not counting epsilon transitions).  

 * An output from the transition function has to specify a list of zero 

 * or more destination states; we will represent this output with a 

 * 1-dimensional boolean array where "true" values indicate valid 

 * transitions. Thus, each NFA has a 3-dimensional boolean "transition" 

 * array: for each possible "from" state i, for each possible "to" state 

 * j, for the kth alphabet symbol, transition[i][j][k] is "true" iff we 

 * can transition from state i to state j on the kth alphabet symbol. 

 * Epsilon transitions are recorded in a separate boolean array: 

 * epsilon[i][j] is true iff we can transition from state i to state j 

 * on epsilon.  

 * 

 * <BR><BR>Each NFA has an equivalent DFA "D" whose states are a 

 * subset of the power set of {0,1,2,3,...,numStates-1}.  Computations

 * on the NFA are simulated by the corresponding computations on the

 * equivalent DFA.

 *

 * @author Barbara Wahl

 * @version Fall 2007

 */

public class NFA {


// ** DATA FIELDS **


/**


 * number of states (positive)


 */


protected int numStates;   


/**


 * input symbols


 */


protected Alphabet alpha;    


/**


 * to indicate final states


 */


protected boolean[] isFinal;         


/**


 * for symbol-consuming transitions; transition[i][j][k] 


 * is true iff we can transition from state i to state j 


 * on the kth alphabet symbol.


 */


protected boolean[][][] transition;  


/**


 * for epsilon transitions; epsilon[i][j] is true iff


 * we can transition from state i to state j on epsilon


 */


protected boolean[][] epsilon;       


/**


 * an equivalent DFA


 */


protected DFA D;        


// ** CONSTRUCTORS **


/**


 * 5-parameter constructor. 


 * @param n number of desired states


 * @param a input symbols


 * @param t array of symbol-consuming transitions


 * @param e array of epsilon transitions


 * @param f array to indicate final states


 * @pre n > 0


 * @pre a is a non-null String of symbols with no whitespace


 * or repeated characters


 * @pre t is an array of size n x n x a.length()


 * @pre e is an array of size n x n


 * @pre f is an array of size n x 1


 * @post constructs this NFA to have data fields as given by 


 * the arguments (arrays are deep-copied); 


 * @post the equivalent DFA D is NOT correctly initialized in


 * this implementation (to be resolved in future lab)


 */


public NFA(int n, String a, boolean[][][] t, boolean[][] e, boolean[] f)


{



// use Assert.pre to test n > 0



// ???



// initialize numStates, alpha



// ???



// allocate and initialize transition, epsilon, isFinal arrays



// ???



// calculate equivalent DFA [once implemented!]



// D = this.convertToDFA();


}

/**


 * Returns number of states.


 * @return number of states in this NFA


 */


public int numStates()


{



// ???


}


/**


 * Returns true if the given integer is in the correct range to be


 * a state in this NFA.


 * @param i the integer to be tested


 * @return true iff 0 <= i < numStates


 */


public boolean validState(int i)


{



// ???


}


/**


 * Returns a copy of the Alphabet.


 * @return alpha.toString()


 */


public Alphabet alpha()


{



// ???


}


/**


 * Returns the set of final states.


 * @return IntSet containing the state numbers of all final states.


 */


public IntSet getFinalSet()


{



IntSet finalSet = new IntSet();



// ???



return finalSet;


}


/**


 * Prints list of final states in this NFA.


 */


public void printFinal()


{



// ???


}


/**


 * Prints all the transitions (including epsilon transitions) 


 * in form "(i,x) -> j".


 * @post Each transition is pretty-printed on a separate line.


 */


public void printTransitions()


{



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



// first the symbol-consuming transitions ...



// ???



// then the epsilon transitions



// ???



System.out.println();



}



/**


 * Pretty-prints this NFA's specifications.


 * @post prints report on numStates, Alphabet, start state,


 * final states, and transitions


 */


public void printNFA()


{



// report numStates



// ???



// report alphabet



// ???



// report start state



// ???



// report the final states 



// ???



// print all transitions



// ???


}


/**


 * Test method.


 */


public static void main(String[] args) 


{



// construct an NFA n1 as described in Sipser, p.84 #1.7a



boolean[][][] t = new boolean[3][3][2]; // transitions



// ???  // (q0,0) -> q0



// ???  // (q0,1) -> q0



// ???  // (q0,0) -> q1



// ???  // (q1,0) -> q2



boolean[][] e = new boolean[3][3]; // epsilon transitions



// no epsilon transitions



boolean[] f = new boolean[3]; // final states



// ???  // q2 is final



// call the NFA constructor to define n1

// ???


// try printNFA to print info about n1



System.out.println("Information for n1: ");



n1.printNFA();


// try alpha()



System.out.println("n1.alpha() returns: " + n1.alpha());



// try getFinalSet()



System.out.println("n1.getFinalSet() returns: " + 




n1.getFinalSet());



// try numStates()



System.out.println("n1.numStates() returns: " + 




n1.numStates());



// try printFinal()



System.out.println("n1.printFinal() produces: ");



n1.printFinal();



// try printTransitions()



System.out.println("n1.printTransitions() produces: "); 




n1.printTransitions();
// try validState()

System.out.println("Testing some ints to see if they" +

" are valid n1 states:");

for(int i=-2; i<5; i++)

System.out.println("i=" + i + "; n1.validState(i)="

+ n1.validState(i));


// construct an NFA n2, with TWO states, for accepting (01* U 1*)



t = new boolean[2][2][2]; // transitions



// ???


e = new boolean[2][2]; // epsilon transitions



// ???


f = new boolean[2]; // final states



// ???


// call the NFA constructor to define n2


// ???


// try printNFA to print info about n2


System.out.println("Information for n2: ");



n2.printNFA();


// try alpha()



System.out.println("n2.alpha() returns: " + n2.alpha());



// try getFinalSet()



System.out.println("n2.getFinalSet() returns: " + 




n2.getFinalSet());



// try numStates()



System.out.println("n2.numStates() returns: " + 




n2.numStates());



// try printFinal()



System.out.println("n2.printFinal() produces: ");



n2.printFinal();



// try printTransitions()



System.out.println("n2.printTransitions() produces: "); 




n2.printTransitions();
// try validState()

System.out.println("Testing some ints to see if they" +

" are valid n2 states:");

for(int i=-2; i<5; i++)

System.out.println("i=" + i + "; n2.validState(i)="

+ n2.validState(i));

}

}
