Lesson 2: Recursion
An Alternate Way to Achieve Repetition

In an earlier section we saw that many programs require the computer to do the same task a number of times. We also saw that we could achieve this through iteration, WHILE and FOR loops. However, there is an alternative way to achieve repetition, called recursion. Note that in both in WHILE and FOR loops, the repetition stops when some end condition becomes false in the case of WHILE loops, or true in the case of FOR loops. Note also that in both cases one does something inside the body of loop that can make the end condition false or true, as the case may be. In FOR loops, this happens automatically. After all, the iteration variable is automatically increased on each iteration through the loop. However, in WHILE loops, the programmer has to ensure that the body of the loop includes a statement that can make the end condition false.

As said, recursion is an alternative way of achieving repetition, but it uses many ideas that are already familiar from iteration. Recursion is used in modules that take at least one input. A recursive module always directly returns an output when some condition involving (one of) the input(s) is true. This condition is often called the end condition. However, when the end condition is not true, a recursive module calls itself but using as input a value that takes the original input closer to its end condition. This part of a recursive module is called the recursive call.
To illustrate this abstract description of recursion, let us consider the simple arithmetic operation of multiplication. Although most of us learned multiplication by learning the multiplication tables by rote, it is actually quite straightforward to see how multiplication can be defined in terms of addition. For example, if I know that:
(x * y) = z
then it is straightforward to see that
(x * (y + 1)) = z + x
We can use this observation to define multiplication in terms of addition as follows:
To multiply two numbers x and y: 

if x is 1, return y
else multiply x - 1 and y to give z

add y to z and return the result

Suppose that we use the above definition to multiply 3 and 5. We see that x is 3 and therefore not equal to 1. We therefore need the else clause which tells us to multiply x-1, or 2, and 5 and add 5 to the result of this. Unfortunately, 2 is still not equal to 1 and we therefore cannot directly determine the result of multiplying 2 and 5. Thus, we need to find out what the result is of multiplying 2 and 5. Using the else clause, we see that the result of this is whatever we get when we multiply 1 and 5 and add 5 to the result. Moreover, we see that we can directly determine the result of multiplying 1 and 5. Since x is now 1, we simply return y or 5. Adding 5 to this gives 10, the result of multiplying 2 and 5. Adding 5 to this gives 15, or the result of multiplying 3 and 5. Graphically, the computation looks something like:

multiply(3,5)=>

multiply(2,5) + 5 =>

(multiply(1,5) + 5) + 5

We have now reached the end condition. We also say that the recursion has bottomed out. Once the recursion has bottomed out, we can start returning values. We do so as follows:
( 5 + 5) + 5 =>

10 + 5 =>

15
Readers are encouraged to work through a number of additional examples to make sure that they understand the definition.

Additional Examples

It should be clear that the above definition of multiplication in terms of addition is indeed recursive. There is an end condition, namely when x is 1. Whenever this condition is met, the definition immediately returns a result (y). However, when the end condition is not met, then we subtract one from x, thus bringing it closer to the end condition (x=1), and call the definition recursively on this “smaller” value. We then add y to the result to give us the result of the entire computation.

Any form of repetition can be specified using either iteration of recursion. It is often a matter of personal taste which one prefers. However, in many cases, recursion, a concept that may look difficult at first, turns out in fact to be the easier way of achieving repetition. To illustrate this point, consider the following examples

To raise x to the power of y: 

if y is 1, return x
else raise x to the power of y - 1 to give z

multiply z by z and return the result
 

To total a list of numbers: 

if the list contains only one element,

return the value of that element
else

add the numbers in the rest of the
  list to give z

add the first element of the list

  to z and return the result
 

To count the number of vowels in a text: 

if the text contains only one character

if the character is a vowel

return 1
else return 0

else

count vowels in the rest of the

text to give z

if the first character is a vowel

return z + 1

else return z 

In general

To perform an action task n times 

if n is 1

do task and stop
else

perform task n - 1 times

do task

It should be clear from the above that the structure of a recursive module is as follows: 

IF ({the input j meets an end condition})
THEN

RETURN some simple value
ELSE

{ do something to j to bring it

   closer to end condition }

{ call module on this new value

   to give temporary result tempRes}

RETURN { some combination of j and

tempRes }
ENDIF

To illustrate consider the following recursive modules:

Module:

 
Name: multiply


Input: number1, number2


Process:

  IF (number2 = 1)

  THEN

RETURN number1

ELSE

temp <- multiply(number1, number2-1)

RETURN temp + number1

ENDIF


Output: Product of number1 and number2

 

Module:

Name: power

Input: number1, number2

Process:
IF (number2 = 

THEN
RETURN 

ELSE
temp <- power(number1, number2-1)
RETURN temp * number1
ENDIF

  Output: number1 raised to the
power of number2

To convince themselves of the power of recursion, readers may wish to try to re-implement the above modules iteratively. See “note2” for the answers.
** End of Lesson 2 **
