Recursion


Methods and Method Calls
So far all the methods that have been called have been called in a hierarchical manner (ie. Main method calls all methods or class methods call other methods).  Sometimes it makes natural sense to have a method call itself.

Recursion is when a method calls itself directly or indirectly through another method.

A recursive method is design to solve the simplest or base case.  When the method is called with a base case argument then the method returns an answer.  When a method is called with a more complex argument the method divides the problem into 2 conceptual pieces.  One piece is the base case, which the method knows how to deal with and the other the method does not know how to deal with.  The more complex part of the problem must look like the simpler or base case problem.  If it does then the method can call itself to solve this problem repeatedly until only the base case is left.   The call on itself is known as the recursive call or recursive step.  While the original call is completing, other recursive calls can be made.

Factorial Recursion Example

n! means n*(n-1)*(n-2)*..*1

For example, 5! = 5*4*3*2*1 = 120

                      5! = 5*(4*3*2*1) = 5 * 4! Or n! = n *(n-1)!

In this example, the base case is 1! But each factorial can be broken down to 1!.

intAns = intNum * factorial( intNum - 1 );

Each time the factorial method is called and is the more complex case, it is simply broken down further.  Eventually, the base case of 1! is reached.

intAns = 1;

Recursion versus Iteration

All problems that use recursion can be solved with iteration (loops).  Recursion makes the program solution more natural in many cases.  Usually solutions involving iteration are long and difficult to maintain and read.  One problem with recursion is that each call to the method requires a lot of memory use compared to iteration.  When high performance is required from a program (ex. video card drivers) then iteration is the better solution.

Exercise

1. The greatest common divisor of integers x and y is the largest integer that evenly divides into both x and y.  Write a recursive method gcd that returns the greatest common divisor of x and y.  The recursion occurs as follows:  If y is equal to 0, then gcd(x,y) is x; otherwise, gcd(x,y) is gcd(y,x%y).  Note % is the modulus operator.  

2. Write a recursive method called power(base, exponent) that when called, returns the base ^ exponent.  For example, power(3,4) = 3*3*3*3.  Assume that the exponent is an integer greater than or equal to 1.  Recursive step should use the relationship:

Base ^ exponent = base * base ^ (exponent –1) and the terminating or simple case occurs when exponent is equal to 1 because base ^1 = base.
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