401-39.1

COMP 401, Spring 2008
Backtracking examples

Definition: a sequence is a step sequence if each sequence element differs from its neighbors by exactly one.  Hence the following are step sequences.


1  2  3  4  3


1  2  1  2  3

1  2  3  2  1

1  2  1  2  1

0  1  2  1  2

The following are not step sequences.


1  2  3  3  4




1  0  4  2  1


1  1  1  1  1

Assume the existence of a Sequence class that contains a sequence of integers and that has the following public methods.



extend(int i)


Add i to the end of the sequence.


retract()



Remove the last element of the sequence.


filter()



Return true if the sequence is a step

sequence.  An empty or singleton

sequence is a step sequence.


okToAdd(int i)


Return true if it is ok to add i to the end of the

sequence.  That is, if we were to extend(i) to 

a step sequence, would we still have a step 
sequence?  Precondition is that the sequence 
is a step sequence.  okToAdd does not alter 
the sequence.

getFilterCount()

Returns the number of calls to filter 

or okToAdd.

toString()


Return a String version of the sequence.


size()



Return the current size of the sequence.

// Program 1: Generate all 5-sequences of 0...4.

public class Class1

{


public static int seqCount=0;   // Number of sequences 

                    // examined.


// Backtrack method


public static void bt(Sequence s)


{



for (int i=0; i<=4; i++)   // Try all possible values.



{




s.extend(i);




if (s.size()==5)     // Sequence is maximal size




{





System.out.println(s);





seqCount++;




}




else                 // Not maximal size.





bt(s);




s.retract();



}


}


public static void main (String[] args)


{



Sequence s=new Sequence();



bt(s);



System.out.println("Sequences examined: "+seqCount);



}

}

Sequences examined: 3125

There are 3125 5-sequences of 0...4.   To save space, only the first 50 sequences are shown.
0 0 0 0 0
0 0 0 0 1
0 0 0 0 2
0 0 0 0 3
0 0 0 0 4
0 0 0 1 0
0 0 0 1 1
0 0 0 1 2
0 0 0 1 3
0 0 0 1 4
0 0 0 2 0
0 0 0 2 1
0 0 0 2 2
0 0 0 2 3
0 0 0 2 4
0 0 0 3 0
0 0 0 3 1
0 0 0 3 2
0 0 0 3 3
0 0 0 3 4
0 0 0 4 0

0 0 0 4 1
0 0 0 4 2
0 0 0 4 3
0 0 0 4 4
0 0 1 0 0
0 0 1 0 1
0 0 1 0 2
0 0 1 0 3
0 0 1 0 4
0 0 1 1 0
0 0 1 1 1
0 0 1 1 2
0 0 1 1 3
0 0 1 1 4
0 0 1 2 0
0 0 1 2 1
0 0 1 2 2
0 0 1 2 3
0 0 1 2 4
0 0 1 3 0
0 0 1 3 1
0 0 1 3 2
0 0 1 3 3
0 0 1 3 4
0 0 1 4 0
0 0 1 4 1
0 0 1 4 2
0 0 1 4 3
0 0 1 4 4

// Program 2: Generate step sequence solutions.

public class Class1

{


public static int solCount=0;  // The number of solutions found.


// Backtrack method.


public static void bt(Sequence s)


{



for (int i=0; i<=4; i++) // Try all values 0...4



{




s.extend(i);




if (s.size()==5)
 // Sequence is maximal size.




{





if (s.filter()) // Solution filter.





{






System.out.println(s);






solCount++;





}




}




else // Sequence is not maximal size.





bt(s);




s.retract();



}


}



public static void main (String[] args)


{



Sequence s=new Sequence();



bt(s);



System.out.println("Filter calls: "+s.getFilterCount());



System.out.println("Solutions found: "+solCount);



}

}

Filter calls: 3125

Solutions found: 42

There are 3125 5-sequences examined of which 42 are solutions.  Solutions are shown below.
0 1 0 1 0
0 1 0 1 2
0 1 2 1 0
0 1 2 1 2
0 1 2 3 2
0 1 2 3 4
1 0 1 0 1
1 0 1 2 1
1 0 1 2 3
1 2 1 0 1
1 2 1 2 1
1 2 1 2 3
1 2 3 2 1
1 2 3 2 3
1 2 3 4 3
2 1 0 1 0
2 1 0 1 2
2 1 2 1 0
2 1 2 1 2
2 1 2 3 2
2 1 2 3 4
2 3 2 1 0
2 3 2 1 2
2 3 2 3 2
2 3 2 3 4
2 3 4 3 2
2 3 4 3 4
3 2 1 0 1
3 2 1 2 1
3 2 1 2 3
3 2 3 2 1
3 2 3 2 3
3 2 3 4 3
3 4 3 2 1
3 4 3 2 3
3 4 3 4 3
4 3 2 1 0
4 3 2 1 2
4 3 2 3 2
4 3 2 3 4
4 3 4 3 2
4 3 4 3 4
 

// Program 3: Generate solutions with pruning.

public class Class1

{


public static int solCount=0;  // The number of solutions found.


// Backtrack method.


public static void bt(Sequence s)


{



for (int i=0; i<=4; i++)      // Try all values 0...4



{




s.extend(i);




if (s.filter())         // Sequence is viable.




{





if (s.size()==5)
// Sequence is maximal size 

                                          // and viable.





{






System.out.println(s);






solCount++;





}





else






bt(s);      // Sequence is viable, but not

                                          // maximal size.




}




s.retract();



}



}



public static void main (String[] args)


{



Sequence s=new Sequence();



bt(s);



System.out.println("Filter calls: "+s.getFilterCount());



System.out.println("Solutions found: "+solCount);






}

}

Filter calls: 260

Solutions found: 42

This strategy examines only 260 sequences of which 42 are solutions.  This is a time reduction of about 92% over the previous algorithm.

// Program 4: Generate solutions; test before extend.

public class Class1

{


public static int solCount=0;  // The number of solutions

                                     // found.


// Backtrack method.


public static void bt(Sequence s)


{



for (int i=0; i<=4; i++)        // Try all values 0...4



{




if (s.okToAdd(i))




{





s.extend(i);        // Sequence is viable.





if (s.size()==5)    // Sequence is maximal

                                            // size and viable.





{






System.out.println(s);






solCount++;





}





else






bt(s);        // Sequence is viable








  // but not maximal size.





s.retract();




}



}


}



public static void main (String[] args)


{



Sequence s=new Sequence();



bt(s);



System.out.println("Filter calls: "+s.getFilterCount());



System.out.println("Solutions found: "+solCount);






}

}

Filter calls: 260

Solutions found: 42

This strategy requires 260 calls to okToAdd to find the 42 solutions.  So it is no more efficient than the previous algorithm.  But in this case, the sequence is always viable.  This can sometimes be a substantial advantage over other strategies.

