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Loops and Recursion
This assignment uses all the control structures that we have learned so far: loops, if
statements, and recursion. Don't be upset if you don't think you know how to write
the methods I've done as examples; you will have much practice to do before you are really comfortable
using these three things together. Do, however, try your best to read and understand how each of these
methods work.

The basic idea of this assignment is that we are breaking down a problem into simpler problems, as before,
but at each stage, the number of problems it is broken down into is different. So, we perform some sort of
loop, often selecting out what values in that loop we need to recur with.

public static String primeFactorization(int n) {
   int factor = (int)Math.sqrt(n);
   // Start with the biggest factors so that we break n into roughly
   // equal chunks rather than chipping away from the edges.
   while(factor >= 2) {
      if(n % factor == 0) {
         return primeFactorization(n / factor) + "*" +
                primeFactorization(factor);
      }
   }
   // Adding an int to a string forces it to become a string
   return n + "";
}

In the example above, I want to print out all the prime factors of a number. I know that if I split the number
into two factors, then keep splitting those factors until I find ones that are prime, I will get the prime
factorization (For example, 24 = 4 * 6 = (2 * 2) * (2 * 3)). So, I perform my usual while...if search
and return as soon as I find one such pair of factors, returning the prime factorization of the two factors.

. 1 Would the above code still have worked if I had looped factor from 2 up to Math.sqrt(n),
instead of the other way around?

. 2 Of the following situations, which could be done with loops, which would have to involve recursion,
and which would probably need both?

In order to test a path in a maze, I walk until I get to a fork; then, I try each path
in turn. If they are all dead ends, so is this path; I return to the fork I started at.

A particular species of tree comes out of the ground as a single stem. Every two
feet, each stem either splits, or ends. I want to count the ends of the tree.

In order to go through my junk mail, I keep picking up a letter, opening it, and
feeding the papers inside to a shredder.



. 3 I want to answer the question, "How many combination of different positive numbers are there that
sum up to some given number?" So, for example, 6 = 1 + 5 = 2 + 4 = 1 + 2 + 3, so there are three
ways to get 6 as a sum.

I write the method below to accomplish this. Read through it and try to understand how it works.

// How many ways are there to sum to "number" if the
// largest addend you can use is "largest"?
public static int sums(int number, int largest) {
   if(number == 0) {
      // This path is a viable sum, without anything more added
      return 1;
   } else if(number < 0) {
      // It's impossible to add 
      return 0;
   } else {
      // Try adding each number from largest down to 1.
      // (Many will just fall out through the < 0 case above)
      // Add up the number of possible sums this generates
      int sums = 0;
      int addend = largest;
      while(addend > 0) {
         // How many ways are there, using numbers less than the
         // number I just added, to add up the remaining part?
         sums = sums + sums(number - addend, addend);
         addend = addend - 1;
      }
      return sums;
   }
}

The output looks like this, for values of number from 1 to 19:

1, 1, 2, 2, 3, 4, 5, 6, 8, 10, 12, 15, 18, 22, 27, 32, 38, 46, 54,

. 4 What would you change above if it was permitted to add any given number as many times as you
want? The output would then look like:

1, 2, 3, 5, 7, 11, 15, 22, 30, 42, 56, 77, 101, 135, 176, 231,
297, 385, 490, 


