package finiteAutomata;

import java.util.Vector;

/**

 * Chomsky Normal Form grammar. Every context-free grammar can be represented 

 * by an equivalent CNF grammar.  

 * 

 * <BR><BR>A CNF grammar has a non-empty set of variables,

 * a non-empty set of terminal symbols (disjoint from the set of variables),

 * and a set of production rules for transforming the variables.  One of the

 * variables is singled out as the "start" variable.  

 *

 * <BR><BR>Data Fields:  The terminal symbols of a CNF object are stored as 

 * an Alphabet, "alpha".  The variables are denoted v0, v1, v2, etc., where 

 * v0 is always the start variable.  "numVars" records the number of variables 

 * in the grammar.

 *

 * <BR><BR>The grammar rules are stored in a two-dimensional array (numVars x 2) 

 * of Vectors of CNFRule objects.  If vn is one of the variables, all the 

 * type 0 rules for transforming vn (form "vn -> vi vj" are stored in the 

 * Vector "rule[n][0]", and all the type 1 rules for transforming vn 

 * (form "vn -> terminal") are stored in the Vector "rule[n][1]". 

 *

 * <BR><BR>If the rule "v0 -> epsilon" is included in the grammar, the boolean 

 * variable "startToEpsilon" is set to true (this is the only rule not 

 * stored in the rule array).

 * 

 * @author Barbara Wahl

 * @version Fall 2007

*/

public class CNF {


// ** DATA FIELDS **


/**


 * terminal symbols


 */


protected Alphabet alpha;    


/**


 * number of variables


 */


protected int numVars;   


/**


 * true if "v0 -> epsilon" is a rule


 */


protected boolean startToEpsilon;


/**


 * array of Vectors of CNFRule objects; rule[i][j] contains 


 * all the type j rules which transform vi


 */


protected Vector[][] rule;        


// ** CONSTRUCTORS **


/**


 * 4-parameter constructor.


 * @param a String representation of the desired alphabet with 


 * characters listed in the desired lexicographic order


 * @param n int number of desired variables


 * @param b true iff "v0 -> epsilon" is to be a rule


 * @param r 2-dimensional array of Vectors of CNFRule objects 


 * @pre a is a non-empty string with no repeated characters


 * @pre n > 0


 * @pre r is size n x 2, and for each 0 <= i < n, r[i][j] is a


 * non-null Vector (possibly empty) of CNFRule objects of type j


 * which transform the variable vi (j = 0, 1)


 * @post constructs a CNF grammar with Alphabet a, n variables,


 * with rules given by the array r (r is not deep-copied)


 */

public CNF(String a, int n, boolean b, Vector[][] r)


{



// use Assert.pre to verify n > 0


// ???



// initialize the data fields


// ???

}


/**


 * Reports number of variables, alphabet of terminal symbols, and 


 * rule set.


 */


public void printCNF()


{



// ??? 

}


/**


 * Pretty-prints the rule set.


 */


public void printRules()


{



// first, print "v0 -> epsilon" if that's a rule


// ???


// print all the other rules, in nice form


// ???

}


/**


 * Prints the strings in the given Vector, preceded by "epsilon" if


 * epsilon is generated by this CNF.


 * @param v Vector representing the non-epsilon terminal strings 


 * generated by this CNF (up to some maximum string length)


 * @param printDeriv determines whether the derivation of each 


 * string is also printed


 * @pre v is a non-null Vector of non-null StringVarTerm objects


 * @post if v is empty and if epsilon is not generated, reports that


 * "the language is empty"


 */


protected void printLanguage(Vector v, boolean printDeriv)


{



StringVarTerm s;



if(v.isEmpty() && !startToEpsilon) // empty language



{




System.out.println("Language is empty!");




return;



}



System.out.println("\nLanguage strings:");



if(this.startToEpsilon)



{




System.out.print("epsilon");




if(printDeriv)





System.out.print(": v0 -> epsilon");




System.out.println();



}



// iterate thru v, printing each string



for(int i=0; i<v.size(); i++)



{




s = (StringVarTerm)v.elementAt(i);




System.out.print(s.toPrettyString());




if(printDeriv)




{





System.out.print(": ");





s.printDerivation();




}




else System.out.println();



}


}

/**


 * Returns all NON-EMPTY terminal strings derivable in this grammar,


 * up to a specified maximum string length.


 * @param maxLength int upper bound on string length


 * @return Vector containing all NON-EMPTY terminal strings of length


 * no more than maxLength which are derivable from start (v0); strings 


 * with multiple derivations will appear multiple times (demonstrating


 * that the grammar is ambiguous)


 */


public Vector getLanguage(int maxLength)


{



Vector result = new Vector();    // store strings for return




if(maxLength <= 0)




return result; // no non-empty strings exist of length <= 0



Vector q = new Vector();         // working space (use as queue)



q.add(new StringVarTerm(alpha)); // enqueue the start string, "v0"





StringVarTerm current = (StringVarTerm) q.elementAt(0);



StringVarTerm newString;



CNFRule r;



int lmv;           // left-most variable in current




int head = 0;      // index for top-of-queue (for lazy deletion)



int maxSteps = 2*maxLength - 1; // to generate a non-empty string of



                                // length n, 2*n - 1 steps are required



// PLAN: current = q.dequeue; while current.numSteps isn't too 



// large, either store current (if it has no vars) or use current 



// to generate more strings (enqueue the new strings at tail of 



// q & repeat)



while(current.numSteps() <= maxSteps)



{




head++; // effectively, q.dequeue




if(current.vars == 0) // current is all terminals -- store it!





result.add(current);






// Otherwise, apply each applicable rule to "current" & 




// enequeue results 




else if(current.numSteps() < maxSteps)




{





lmv = current.leftMostVariable();





// prevent useless application of type 0 rules





int jStart = 0;





if(current.numSteps() + current.vars >= maxSteps)






jStart = 1;





// for each rule which applies to left-most-variable "lmv"...





for(int j = jStart; j<2; j++) // j = rule type






for(int i=0; i<this.rule[lmv][j].size(); i++)






{


    



// r is the ith applicable rule of its type







r = (CNFRule)(this.rule[lmv][j]).elementAt(i); 







newString = current.applyRule(r); 







q.add(newString); // enqueue result






}




}




// stop if queue is empty




if(head >= q.size()) break;




// dequeue to current and repeat until maxSteps exceeded




current = (StringVarTerm)q.elementAt(head); 






}



return result;


}

/**


 * Tests whether a given String is a NON-EMPTY terminal string which 


 * can be generated by this CNF.


 * @param s String to be tested 


 * @pre s is non-empty


 * @return the StringVarTerm object which shows how s is generated,


 * or "null" if s is not in the language of this CNF grammar


 */


public StringVarTerm testString(String s)


{


// return null if s is not a valid argument




// ???





// generate all strings up through length s.length() using this CNF grammar



// ???


// look for s in language & return result


// ???

}


// ** TEST METHOD **


public static void main(String[] args) 


{



// Construct a CNF grammar C1 for generating the language 0*10*



String a = "01";   // terminal symbols = {0,1}



int n = 4;         // numVars = 4



boolean b = false; // epsilon string is not in 0*10*



// create & store the rules for this grammar in a 



// 2-dimensional array of Vectors of rules



Vector[][] r = new Vector[4][2];



for(int i=0; i<4; i++)




for(int j=0; j<2; j++)





r[i][j] = new Vector();



r[0][0].add(new CNFRule(0,1,2)); // v0 -> v1 v2





r[0][0].add(new CNFRule(0,1,3)); // v0 -> v1 v3



r[0][0].add(new CNFRule(0,2,1)); // v0 -> v2 v1



r[0][1].add(new CNFRule(0,'1')); // v0 -> 1



r[1][0].add(new CNFRule(1,1,1)); // v1 -> v1 v1



r[1][1].add(new CNFRule(1,'0')); // v1 -> 0



r[2][1].add(new CNFRule(2,'1')); // v2 -> 1



r[3][0].add(new CNFRule(3,2,1)); // v3 -> v2 v1



CNF C1 = new CNF(a,n,b,r);




// try printCNF



System.out.println("Here is the grammar C1 for 0*10*:");



C1.printCNF();



// try getLanguage & printLanguage, derivations turned on



int maxLength;



for(maxLength = -1; maxLength < 5; maxLength++)



{




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




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




C1.printLanguage(C1.getLanguage(maxLength),true);



}



// try getLanguage & printLanguage, derivations turned off



for(maxLength = -1; maxLength < 5; maxLength++)



{




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




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




C1.printLanguage(C1.getLanguage(maxLength),false);



}



// test a string which should be accepted



System.out.println("\nC1.testString(\"00100\") returns: ");



StringVarTerm result = C1.testString("00100");



if(result!=null)




result.printStringVarTerm();



else




System.out.println("null");



// test a string which should not be accepted



System.out.println("\nC1.testString(\"11100\") returns: ");



result = C1.testString("11100");



if(result!=null)




result.printStringVarTerm();



else




System.out.println("null");



// Construct a CNF grammar C2 for generating the language (xx)*



a = "x";   // terminal symbols = {x}



n = 3;     // numVars = 3



b = true;  // epsilon string is in (xx)*



// create & store the rules for this grammar in a 



// 2-dimensional array of Vectors of rules



r = new Vector[n][2];



for(int i=0; i<3; i++)




for(int j=0; j<2; j++)





r[i][j] = new Vector();



// ??? // v0 -> v1 v1





// ??? // v1 -> x



// ??? // v1 -> v1 v2



// ??? // v2 -> v1 v1



CNF C2 = new CNF(a,n,b,r);




// try printCNF



System.out.println("\nHere is the grammar C2 for (xx)*:");



C2.printCNF();



// try getLanguage & printLanguage, derivations turned off



for(maxLength = -1; maxLength < 7; maxLength++)



{




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




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




C2.printLanguage(C2.getLanguage(maxLength),false);



}



// test a string which should be accepted



System.out.println("\nC2.testString(\"xxxxxx\") returns: ");



result = C2.testString("xxxxxx");



if(result!=null)




result.printStringVarTerm();



else




System.out.println("null");



// test a string which should not be accepted



System.out.println("\nC2.testString(\"xxx\") returns: ");



result = C2.testString("xxx");



if(result!=null)




result.printStringVarTerm();



else




System.out.println("null");
// Verify that C1 is unchanged by the creation of C2



// (C1.rule references the ORIGINAL array r, which was 



// de-referenced by the statement "r = new Vector[n][2]")



System.out.println("\nHere is C1 again:");



C1.printCNF();

}

}
