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Recursion
When we were doing loops earlier, we dealt with the mathematical idea of a
factorial. The factorial of some number is the product of all the numbers from 1 up
to that number. So, for example, factorial(6) = 6 * 5 * 4 * 3 * 2 * 1 = 720. We
figured out how to find a factorial with a loop.

We could also solve the factorial problem by noticing that the factorial of any number n is produced just by
taking the factorial of the previous number (n - 1), and multiplying by n. In other words, we could just
write this Java function for the whole thing:

public void factorial(int n) {
   return n * factorial(n - 1);
}

Unfortunately, this won't quite work. In fact, it will keep going forever without coming to an answer,
because factorial() never provides a straight answer: it always asks another copy of the
factorial() method to find part of the answer first:

factorial(3)
3 * factorial(2)
3 * 2 * factorial(1)
3 * 2 * 1 * factorial(0)
...

In order to get it to work, we take some fact that we know (for example, that factorial(1) = 1) and
build that in as a base case, the value of n for which factorial() can return a number without needing
to calculate another factorial() first.

public void factorial(int n) {
   if(n == 1) {
      return 1;
   } else {
      return n * factorial(n - 1);
   }
}
Now observe what will happen when I call factorial(3):

factorial(3)
3 * factorial(2)
3 * 2 * factorial(1)
3 * 2 * 1 = 6

This sort of problem solving is called recursion. In recursion, instead of trying to churn away with numbers
and loops until I get a complete answer, I just think, "How can I rephrase this problem in terms of similar
but simpler problems?" Once I figure out a general way to split up the problem, I think just about the
simplest possible cases, the base cases, where the answer is obvious enough that I don't need to split it up,
and I write special code to handle those cases. The result is that I reach a solution without every having to
deal with the problem at a more complex level.



. 1 What does the method below do?

public int mystery(int a, int b) {
   if(a == 0) {
      return b;
   } else {
      return mystery(a - 1, b + 1);
   }

Challenge: Are there any limitations on the allowed inputs to mystery1()?

. 2 A common task is to find the largest power of 10 that is less than a number. Below is a function
place() that does this. So, for example, place(412) = 100 and place(124561) =
100000.

public int place(int number) {
   if(number == 1) {
      return 1;
   } else {
      return 10 * place(number / 10);
   }
}

a) Does this method work for negative numbers?

b) What would happen if I changed the base case to "if(number == 0) { return 0;"?

. 3 Euclid's algorithm for finding the GCF (greatest common factor) of two numbers a and b works like
this:

If a = b, then their GCF is a.
Otherwise, their GCF is the GCF of b and a % b.

Write a recursive function that will compute GCF in this way.

public void gcf(int a, int b) {

}


