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1. Outline of Backtracking

As discussed in class, the technique of backtracking is applicable to problems where
a solution is constructed in a series of stages, say k = 0, . . . , N . At each stage k,
we have a partial solution P we have already accumulated, and we either recognize
that P is actually a complete solution, or we extend P by choosing one of a choices
that are available at that stage.

Suppose that there are choices c1, . . . cm available at stage k to use in extending the
partial solution P . For some of these choices, it may be obvious that they cannot
be used because they conflict with choices made at an earlier stage. That is, some
choices may not be compatible with the partial solution we have already. We must
skip such choices.

Backtracking will try choices c available at a stage k that are compatible with the
current partial solution P . If c is compatible, we add it to P and move to the next
stage (this will be a recursive call). If it turns out that we can extend P +c to a full
solution, then we are done and return success. But if not, then we remove c from
the partial solution and try another choice at stage k. If we exhaust all choices at
stage k, we return failure.

Here is a skeleton backtracking algorithm. The method extend tries to extend
a partial solution p at stage s to a complete solution. extend returns true is
successful, in which case p contains the full solution. If it is not successful, extend
must return false, in which case p must not be modified.

boolean extend(partialSol p, stage s)

{

if (p is a complete solution) return true;

if (p cannot be extended) return false; /***/

// p needs to be extended

foreach (choice c at this stage )

{

if (c conflicts with p) continue;

// c is compatible to extend p

p.add(c);

boolean success = extend(p, s+ 1);

if (success) return true;

// p with c cannot be extended, so backtrack

// and try another choice at this stage

p.removeLast()
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// next iteration will try another choice at this stage

}

// end of loop means none of the choices at this stage work

return false;

}

In the second line of the method, marked with /***/ we are checking to see if we
have run through all the stages.

2. Example

Consider the problem of determining whether a list of numbers has a sublist whose
sum is a given number X. For example, the list

1, 3, 5, 15, 3, 14

has a sublist whose sum is 4, namely {1, 3}. In general, suppose we are given and
array of number A[0..N−1] and a target sum X, and we want to determine if there
is a sublist that sums to exactly X. If so, we must identify the subset.

Here we can view the problem as determining, for each stage k = 0, . . . , N − 1, if
A[k] should be included in the sublist or left out. The partial solution will consist
of all those indices k for which A[k] should be included in the sublist.

Here is the extend function. The parameter k represents the current stage and X

represents the target sum. The choice is whether to include k in the partial solution
or exclude it.

boolean extend(LinkedList<Integer> p, int k, int X, int [] A)

{

if (sum(p, A) == X) return true;

if (k == A.length) return false;

// p needs to be extended, try all available

// choices at this stage, which is include k or exclude k

// try to extend by excluding k

boolean success = extend(p, k+1, X);

if (success) return true;

// excluding k does not lead to a sublist that sums to X

// so try including k

p.add(k);

success = extend(p, k+1, X);

if (success) return true;

// including k does lead to a complete solution, so

// remove the k

p.removeLast();

// we have tried all choices at this stage and they all failed.

return false;

}
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Notice that this specific example does not have the foreach loop in the general
outline, because there were only two choices at each stage, so we tried them one
after the other instead of using a loop.

You often need to write some helper methods to use with your backtracking solution.
In this case, we have the sum() method to sum the array entries whose indices are
in p:

int sum(LinkedList<Integer> p, int [] A)

{

int s = 0;

for( int i : p )

{

s = s + A[i];

}

return s;

}

Naturally, to solve the original problem, just make the call

int [ ] arr = { }; //array

int target = ....; //target sum

LinkedList<Integer> positions = new LinkedList<>();

boolean success = extend(positions, 0, target, arr);

if (success)

{

System.out.println("The sublist is ");

for(int i : positions)

{

System.out.print(arr[i] + " ");

}

}

else

System.out.println("No Solution");


