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void findSolution(int n, char source, char dest, 
char aux) {
   if (n == 1) {
       moveSingleDisk(source, dest);
   } else {
       findSolution(n - 1, source, aux, dest);
       moveSingleDisk(source, dest);
       findSolution(n - 1, aux, dest, source);
   }
}

void findSolutionIterative(int n, char source, char dest, char aux) {
   int numMoves = pow(2, n) - 1; // total number of moves necessary

   // if number of disks is even, swap dest and aux posts
   if (n % 2 == 0) {
       char temp = dest;
       dest = aux;
       aux = temp;
   }

   Stack<int> srcStack;
   for (int i = n; i > 0; i--) {
       srcStack.push(i);
   }
   cout << srcStack << endl;
   Stack<int> destStack;
   Stack<int> auxStack;

   // Determine next move based on how many moves have been made so far
   for (int i = 1; i <= numMoves; i++) {
       switch (i % 3) {
           case 1:
               if (srcStack.isEmpty() ||
                       (!destStack.isEmpty() && srcStack.peek() > destStack.peek())) {
                   srcStack.push(destStack.pop());
                   moveSingleDisk(dest, source);
               } else {
                   destStack.push(srcStack.pop());
                   moveSingleDisk(source, dest);
               }
               break;
           case 2:
               if (srcStack.isEmpty() ||
                       (!auxStack.isEmpty() && srcStack.peek() > auxStack.peek())) {
                   srcStack.push(auxStack.pop());
                   moveSingleDisk(aux, source);
               } else {
                   auxStack.push(srcStack.pop());
                   moveSingleDisk(source, aux);
               }
               break;
           case 0:
               if (destStack.isEmpty() ||
                       (!auxStack.isEmpty() && destStack.peek() > auxStack.peek())) {
                   destStack.push(auxStack.pop());
                   moveSingleDisk(aux, dest);
               } else {
                   auxStack.push(destStack.pop());
                   moveSingleDisk(dest, aux);
               }
               break;
       }
   }
}
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A quarter of the 
permutations start with "s", 

followed by all the 
permutations of "aki"
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"k", followed by all the 
permutations of "sai"
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A quarter of the 
permutations start with 

"i", followed by all the 
permutations of "sak"
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Can we formalize 
this intuition in a 

decision tree?
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void listPermutations(string s){
   listPermutationsHelper(s, "");
}

void listPermutationsHelper(string remaining, string soFar) {
   if (remaining.empty()) {
       cout << soFar << endl;
   } else {
       for (int i = 0; i < remaining.length(); i++) {
           char nextLetter = remaining[i];
           string rest = remaining.substr(0, i) + remaining.substr(i+1);
           listPermutationsHelper(rest, soFar + nextLetter);
       }
   }
}
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   if (remaining.empty()) {
       cout << soFar << endl;
   } else {
       for (int i = 0; i < remaining.length(); i++) {
           char nextLetter = remaining[i];
           string rest = remaining.substr(0, i) + remaining.substr(i+1);
           listPermutationsHelper(rest, soFar + nextLetter);
       }
   }
}

Use of recursive helper 
function with empty 
string as starting point
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Base case: No decisions remain



void listPermutations(string s){
   listPermutationsHelper(s, "");
}

void listPermutationsHelper(string remaining, string soFar) {
   if (remaining.empty()) {
       cout << soFar << endl;
   } else {
       for (int i = 0; i < remaining.length(); i++) {
           char nextLetter = remaining[i];
           string rest = remaining.substr(0, i) + remaining.substr(i+1);
           listPermutationsHelper(rest, soFar + nextLetter);
       }
   }
}

Decisions yet 
to be made Decisions 

already made

Recursive case: Try all 
options for next decisionBase case: No decisions remain
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ct ct

Examples from Chris Gregg and Keith Schwarz



ct ct

“Cart” is shrinkable...
...because “art” is 

shrinkable....

...because “at” is 
shrinkable....

...because “a” is a 
single-letter word.

Examples from Chris Gregg and Keith Schwarz
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Examples from Chris Gregg and Keith Schwarz

“Up” is not 
shrinkable...

...because neither “P” 
nor “U” are words.



Examples from Chris Gregg and Keith Schwarz

“Cup” is not 
shrinkable...

...because none of these 
are shrinkable words.



Examples from Chris Gregg and Keith Schwarz

“Cusp” is not 
shrinkable...

...because none of these 
are shrinkable words.
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● lexicon.h

●

● Lexicon lex("res/EnglishWords.txt"); // create from file
lex.contains("koala"); // returns true
lex.contains("zzzzz"); // returns false
lex.containsPrefix("fi"); // returns true if there are 
any words starting with "fi" in the dictionary
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for all options at each decision point:

if recursive call returns true:

return true;

return false if all options are exhausted;
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Even though we may not 
care about this “team,” the 
empty set is a subset of our 

original set!
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As humans, it might be 
easiest to think about all 

teams (subsets) of a 
particular size.
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Another case of 
“generate/count all 

solutions” using recursive 
backtracking!
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For computers generating 
subsets (and thinking about 
decisions), there’s another 
pattern we might notice...
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Half the subsets that 
contain “Trip” also contain 
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“Nick” contain “Kylie”
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🤔
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string elem = remaining.first();

// remove this element from possible choices

remaining = remaining - elem;

listSubsetsHelper(remaining, chosen); // do not add elem to chosen

chosen = chosen + elem;

listSubsetsHelper(remaining, chosen); // add elem to chosen

chosen = chosen - elem;

// add this element back to possible choices

remaining = remaining + elem;
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// remove this element from possible choices

remaining = remaining - elem;

listSubsetsHelper(remaining, chosen); // do not add elem to chosen

chosen = chosen + elem;

listSubsetsHelper(remaining, chosen); // add elem to chosen

chosen = chosen - elem;

// add this element back to possible choices

remaining = remaining + elem;

Choose
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string elem = remaining.first();

// remove this element from possible choices

remaining = remaining - elem;

listSubsetsHelper(remaining, chosen); // do not add elem to chosen

chosen = chosen + elem;

listSubsetsHelper(remaining, chosen); // add elem to chosen

chosen = chosen - elem;

// add this element back to possible choices

remaining = remaining + elem;

Explore 
(part 1)
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string elem = remaining.first();

// remove this element from possible choices

remaining = remaining - elem;

listSubsetsHelper(remaining, chosen); // do not add elem to chosen

chosen = chosen + elem;

listSubsetsHelper(remaining, chosen); // add elem to chosen

chosen = chosen - elem;

// add this element back to possible choices

remaining = remaining + elem;

Explore 
(part 2)
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string elem = remaining.first();

// remove this element from possible choices

remaining = remaining - elem;

listSubsetsHelper(remaining, chosen); // do not add elem to chosen

chosen = chosen + elem;

listSubsetsHelper(remaining, chosen); // add elem to chosen

chosen = chosen - elem;

// add this element back to possible choices

remaining = remaining + elem;

Explicit
Unchoose
(i.e. undo)
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string elem = remaining.first();

// remove this element from possible choices

remaining = remaining - elem;

listSubsetsHelper(remaining, chosen); // do not add elem to chosen

chosen = chosen + elem;

listSubsetsHelper(remaining, chosen); // add elem to chosen

chosen = chosen - elem;

// add this element back to possible choices

remaining = remaining + elem;

Without this 
step, we could 
not explore the 
other side of 
the tree
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