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Announcements 

Assignment 5 due Tue Mar 31 at 11:59pm 

Quiz 6 due Tue Apr 7 at 11:59pm 
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RECURSION 

The last topic 
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What is Recursion? 
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What is Recursion? 

You'd know if you understood recursion. 

5 



Let's Ask Google 

www.google.com 
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Recursion 

Recursion is when a method calls itself. 
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Attempt at Recursion 1 

public static void forever() { 

  forever(); 

} 

// infinite recursion 
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Intuition 1 

How do you solve a problem, assuming that you 
already know how to solve a simpler version of 
this problem? 
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Computing the Factorial 

The factorial of a number N is defined as 
follows: 

0! = 1 

1! = 1 

2! = 2 x 1 = 2 

3! = 3 x 2 x 1 = 6 

4! = 4 x 3 x 2 x 1 = 24 

… 

N! = N x (N – 1) x (N – 2) x (N – 3) x … 1 
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Factorial: Recursive Definition 

Notice that: 
N!  = N x (N – 1) x (N – 2) x (N – 3) x … 1 

 = N x (N – 1)! 

Let's write a recursive method: 
public static int factorial(int n) { 

  if (n <= 1) 

    return 1; 

  return n * factorial(n – 1); 

} 
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Call Stack Trace 

Let's trace the method calls for factorial(4); 

 

 

 

factorial(4) 

   factorial(3) 

      factorial(2) 

         factorial(1) 
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returns 1 

returns 2 

returns 6 

returns 24 

public static int factorial(int n) { 

  if (n <= 1) 

    return 1; 

  return n * factorial(n – 1); 

} 



Note 

Each method call has its own set of local 
variables. 

 

 

 

 

• The n variable between the different calls are not 
shared, even though the methods are all in the 
middle of execution at the same time! 
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public static int factorial(int n) { 

  if (n <= 1) 

    return 1; 

  return n * factorial(n – 1); 

} 



Typical Components 

Recursive functions have two typical 
components: 

1. Base case(s) 
Easy to solve directly. e.g., factorial(1) 

 

2. Recursive or inductive step 

Solve an easier version of this problem first, then use that 
result to solve the overall problem. 

e.g., n * factorial(n – 1) 
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recursive call 



Fibonacci Numbers 

What is the pattern in the following sequence? 
1, 1, 2, 3, 5, 8, 13, 21, 34, 55, 89, 144, … 

 

Let fib(n) be the nth Fibonacci number. How do 
we define the sequence above? 
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Exercise 

Write a recursive method that computes the nth 
Fibonacci number, for some int n. 

1. Implement the base cases (n = 1, n = 2) 

2. Implement the recursive case 
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Exercise 

Given a non-negative int n, return the sum of its 
digits recursively (no loops). 

• Hint: use the % and / operators. 

 

• e.g.: 
sumDigits(126) → 9 
sumDigits(49) → 13 
sumDigits(12) → 3 
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Website to Practice Recursion 

http://codingbat.com/java/Recursion-1 
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Recursion and Iteration 

Recursion and iteration (loops) are equally 
expressive! 

Anything recursion can do, iteration can do. 

Anything iteration can do, recursion can do. 
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Iterative Version of factorial 

public static int factorial_it(int n) { 

  int prod = 1; 

  for (int i = 1; i <= n; i++) { 

    prod *= i; 

  } 

  return prod; 

} 
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Iterative Version of fibonacci 
public static int fibonacci_it(int n) { 

  int curr = 1; 

  int prev = 0; 

  int twobefore = 0; 

  for (int i = 1; i < n; i++) { 

    twobefore = prev; 

    prev = curr; 

    curr = twobefore + prev; 

  } 

  return curr; 

} 
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Exercise 

Write a version of printArray(int[] 
arr) that prints each element of an array, 
separated by a comma. Use recursion. 

• Actually, we're going to write 
printArray(int[] arr, int start) 

that prints everything in the array starting at 
position start. 

• What is the base case? 

• What is the recursive case? 
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Recursion vs. Iteration 

If they're equally powerful, why use one or the 
other? 

• Use whichever is easier to think in terms of, for a 
certain problem. 

• For simple cases, iteration is usually easier and 
faster. 

• For complex cases, recursion is often more 
elegant and simpler to code. 
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More Complex Recursion 

You are already seeing this in A5! 
function explore( ) 

    explored ← true 

    for all City v in neighbours do 

        if v was not explored then 

            v.explore() 

        end if 

    end for 

end function  
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What is the base case? 
What is the inductive step? 



Recursive Data Structures 

It is natural to use recursion in this case, 
because the City data structure is recursive. 

• City has a field called neighbours, which is of 
type City[]. 

Thus, the simpler version of some algorithm is to 
simply apply the algorithm to each of its 
neighbours. 
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Alternate Definition of a List 

We saw arrays in this class, which are 
contiguous elements in memory. 

 

 

 

 

As an alternative, we could define a list of a 
recursive data structure. 
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Not testable on final exam 

int[] 
arr[0] arr[1] arr[2] arr[3] arr[4] arr[5] 

3 4 2 6 5 -1 



Linked List 

LinkedList class (for ints): 
private int val; 

private LinkedList next; 

 

View: 
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el 0 

val: 3 

next: 

el 1 

val: 4 

next: 

el 2 

val: 2 

next: 

el 3 

val: 6 

next: 

el 4 

val: 5 

next: 

el 5 

val: -1 

next: 



Linked List Operations 

You could then define many of the list 
operations using recursion. 

• Searching through a list 

• Printing all elements in a list 

Other advantages: 
• Adding and removing elements is easier than 

with an array. 

On the other hand, some operations are harder, 
like getting the ith element. 
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