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“To understand 
recursion, 

you must first 
understand 
recursion.” 
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Silly Definition 

 
 

recursion (n): 
See recursion 
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Or: 

 
 

recursion (n): 
If you still don't get it, see recursion! 
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Recursion 

 
 

 

Recursion is when a method calls 

itself. 
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Infinite Recursion = Bad 

 
 

 

public static void forever() { 

forever(); 

} 
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Smarter recursion 

 
 Sometimes, we will be able to 

solve one problem in terms of 

solving another problem. 
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Splitting a big problem into 
many steps 

 
 Since the first day of classes, we 

have emphasized the importance of 

taking a big problem and breaking 

it down into smaller problems. 
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Example: isSecurePassword() 

 
 

One way to figure out if a String is a secure password is 

to split this into 5 separate steps: 

 

1)Is String length at least 10? 

2)Does the string contains a upper case letter? 

3)Does the string contain a lower case letter? 

4)Does the string contain a number? 

5)Does the string contain any symbols? 
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Example: isSecurePassword() 

 
 

We then take all of the results of these smaller problems, 

which are easier to solve since they are smaller, and 

combine them. 

 

In this case, we output TRUE if the length is at least 10, 

it contains an uppercase letter, it contains a lowercase 

letter, it contains a number, and it does NOT contain a 

symbol. 

 

 

 



12 

 
 

isSecurePassword 

length upper lower number 
symbol 

abcdef 

abcdef 

abcdef 
abcdef 

abcdef 
abcdef 

6 no yes 
no 

no 

Merge results 
Answer: 

not good 
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Splitting problem up 

 
 

This approach works because although we now have 5 

problems, each of them is a smaller problem. 

 

We can then focus on solving each problem separately. 

 

We aim to keep splitting our problems up further if need 

be. 
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Recursively splitting a problem 
up 

 
 

When we use recursion, we will also be splitting our 

problem into smaller part(s) . However, in this case, 

rather than change WHAT problem I'm solving to make 

the subproblems, I will do the SAME kind of problem 

just with a different input. 
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Example in practice: 

Suppose I have a pile of 500 COMP-202 exams and I 
wish to sort them in order by name. 

 

There are a lot of ways I can do this: 

 



16 

Sort method 1: 

1)Put all the exams in a pile. 

2)Grab the top exam in the pile and move it to a 2nd 
pile. 

3)Grab the next exam in the original pile and move it 
into the 2nd pile, inserting the exam into the correct 
location. 

4)Repeat step 3 until there are no more exams. 

 

This method does not answer the sorting problem in 
terms of the sorting problem. 

Consider a second approach: 
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Sort method 2: (uses 
recursion) 

1)Put all the exams into a pile 

2)Pick a point that you guess is the midpoint (for 
example, the letter M) 

3)Put all exams that should be before the midpoint into 
one pile and all the exams that should be after the 
midpoint into another pile 

4)Sort each pile separately and then merge the results 
(easy since there can be no overlap) 
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Sort method 2: (uses 
recursion) 

 

Here we wrote the SORTING problem in terms of the 
SORTING problem. 

 

There is one problem with our solution: What if there is 
only one element in our stack of papers at a given 
point? In this case, we can't “divide into two piles” 
because we'd have an infinite loop. 
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Sort method 2: (uses 
recursion) 

 

0)If the pile has size 0 or 1, do nothing since it's already 
sorted 

1)Put all the exams into a pile 

2)Pick a point that you guess is the midpoint (for 
example, the letter M) 

3)Put all exams that should be before the midpoint into 
one pile and all the exams that should be after the 
midpoint into another pile 

4)Sort each pile separately and then merge the results 
(easy since there can be no overlap) 
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sort 

sort sort 

[1 4 2 9 8] 

[1 2] [9 8] 

[ 1 2] 

Merge results Answer: 

[1 2 4 8 9] 

[8 9] 
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Recursion uses 
 

There are many problems like this that can be written in 
terms of a smaller version of the problem. 

 

Recursion works well when: 

1)The solution to the problem depends on the solution 
to a SMALLER version of the problem. 

2)Eventually, there is a VERY small version of the 
problem, that is trivial to solve. 

 

How do 1) and 2) apply in the case of sorting? 
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Recursion uses 
 

1)The size of the stack of papers gets smaller. Thus it 
is a smaller problem. 

 

2)When the size of the stack of papers becomes 0 or 1, 
then the problem is trivial since it's already sorted! 
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Part 1: Recursion in Java 
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Recursion in Java 

Because Java reads your complete .java file before 
running anything, you can have a method call itself the 
same way as you would call any other method. 

 

factorial is a simple example where you can write the 
problem in terms of a smaller problem. 

 

-factorial(n) = n * (n-1) * (n-2) *...*3 * 2 * 1; 

OR 

factorial(n) = n * factorial(n-1); 

(Note: In practice, you could do this with loops instead) 
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Recursion in Java 

public static int factorial(int n) { 

if (n <= 1) { 

return 1; 

} 

 

return n * factorial(n-1); //this is line 6 

} 
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Stack Trace 

Suppose I call the method factorial(4) from a main 
method at line 36. The computer will remember exactly 
where it was in the main method, and go execute the 
factorial() method. 

 

To do so, it will create a variable called n with the value 
of 4. 

 

main() (line 36) (part of System.out.println(factorial(4)) 

factorial() : n = 4 
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Stack Trace 

Now, it will first execute the if statement. Since the 
condition is false, it doesn't return 1. Instead, it says “call 
the method factorial and give it as input the value of the 
expression n-1.” Since that expression evaluates to 3, the 
value of n in the SECOND factorial method level is 3. 

 

When this call is made, the CPU notes that the result of 
the method call will be used as part of the return 
statement: 

main() (line 36) (part of System.out.println(factorial(4)) 

factorial() : n = 4 (line 6) (part of return 4 * factorial(3)) 

factorial() : n = 3 
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Stack Trace 

Key is that every method call has its OWN SET OF 
VARIABLES and they are unrelated despite the same 
name! 

 

Now, the SECOND factorial calls factorial again (since the 
if condition is false still) 

 

main() (line 36) (part of System.out.println(factorial(4)) 

factorial() : n = 4 (line 6) (part of return 4 * factorial(3)) 

factorial() : n = 3 (line 6) (part of return 3 * factorial(2)) 

factorial() : n = 2 
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Stack Trace 

Next we call factorial(1) 

 

main() (line 36) (part of System.out.println(factorial(4)) 

factorial() : n = 4 (line 6) (part of return 4 * factorial(3)) 

factorial() : n = 3 (line 6) (part of return 3 * factorial(2)) 

factorial() : n = 2 (line 6) (part of return 2 * factorial(1)) 

factorial() : n = 1 

 

Now though, n == 1 is true, so we execute the statement 
return 1; This causes us to leave the method and “bounce 
back” to the prior call. 
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Stack Trace 

Since factorial(1) was part of the expression “return 2 * 
factorial(1)” this expression can now be evaluated. 

 

main() (line 36) (part of System.out.println(factorial(4)) 

factorial() : n = 4 (line 6) (part of return 4 * factorial(3)) 

factorial() : n = 3 (line 6) (part of return 3 * factorial(2)) 

factorial() : n = 2 (line 6) (part of return 2 * 1) 

 

So now we can return 2. 
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Stack Trace 

Since factorial(2) was part of the expression “return 3 * 
factorial(2)” this expression can now be evaluated. 

 

main() (line 36) (part of System.out.println(factorial(4)) 

factorial() : n = 4 (line 6) (part of return 4 * factorial(3)) 

factorial() : n = 3 (line 6) (part of return 3 * 2) 

 

So now we can return 6. 
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Stack Trace 

Since factorial(3) was part of the expression “return 4 * 
factorial(3)” this expression can now be evaluated. 

 

main() (line 36) (part of System.out.println(factorial(4)) 

factorial() : n = 4 (line 6) (part of return 4 * 6) 

 

So now we can return 24. 

 

This value can then be used by the main method. 
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Second example: Fibonacci #s 

The Fibonacci numbers are a sequence that starts out 
with the first two values each being 1. 

 

After that, every value is constructed by adding the 
previous two values. 



34 

Second example: Fibonacci #s 

//should return the nth fibonacci number 

public static int fibonacci(int n) { 

if (n <= 2) { 

return 1; 

} 

 

return fibonacci(n-1) + fibonacci(n-2); 

} 
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Unwinding recursions: 

Sometimes, it is useful at the beginning to “unwind” a 
recursion as we did with the factorial method. 

 

However, in general, it is best NOT to do this. In many 
problems, it is too complex to “unwind” this way. 

 

Once you have practice with recursion, you will trust 
recursion more. 
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Faith 

You have to have faith that if the following are true then 
the solution is correct: 

 

1)You correctly solved a “little” version of the problem. 

2)Every “big” version of the problem can be written in 
terms of a smaller version of the problem. 

 

If you do 1 and 2 correctly, then things HAVE to work! 

 

These 2 steps are not always easy, but they are easier 
than unwinding recursions. 
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Base Case 

Solving a “little” version of the problem is known as a 
“base case” 

 

This is always a simple version of the problem that we 
can solve trivially: 

 

1)If the pile of exams has size 1 or 0 

2)factorial(1) 

3)fibonacci(1) AND fibonacci(2) 
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Induction or Recursion Step 

The reduction step is often difficult. You have to 
correctly formulate a big problem in terms of a smaller 
problem. 

 

Sometimes, it's straightforward. Other times it is not. 
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Part 2: More complex examples 



40 

Simple vs Complex 

Recursion is another case where simple examples 
don't do it justice. 

 

-They are useful for understanding the syntax 

-In reality, they wouldn't be used because using 
iterative methods (loops) would be simpler. 

 

There are many cases where the iterative method 
would be difficult to write. 
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Sorting using recursion 

We outlined as motivation a way you could use 
recursion to solve the sorting problem. 

 

If you were trying to do this method (partition into two 
piles based on a midpont and sort separately) using 
loops, we'd struggle. 

 

How would the recursion actually look in practice? 
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Recursion in Java 

public static int[] sort(int[] numbers) { 

if (numbers.length <= 1) { 

return numbers; 

} 

 

int midpoint = selectGoodMidpoint(numbers); 

int[] firstHalf = getAllLessThan(numbers, midpoint); 

int[] secondHalf = getAllGreaterThanEqual(numbers, midpoint); 

int[] firstHalfSorted = sort(firstHalf); 

int[] secondHalfSorted = sort(secondHalf); 

return combineArrays(firstHalfSorted, secondHalfSorted); 

} 
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Example: Distance between 
words 

Suppose I am writing a spell checker. 

 

I want to be able to COMPARE two words and see how 
“similar” they are to each other. 

 

I define “similar” as being the number of “steps” it takes 
to convert. The allowable steps are: 

1)Insert a letter 

2)Delete a letter 

3)Substitute a letter for another 
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Example: 
kitten vs sitting: 

 

1)k --> s = sitten 

2)e ---> i = sittin 

3)add g ---> sitting 

 

So the distance is 3. 
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What do we know? 
 

-The distance between Strings a and b is 0 if and only if 
a and b are equal 

-If a is an empty String, then the distance between a 
and b is the length of b 

-If b is an empty String, then the distance between a 
and b is the length of a 

 

These are all BASE cases! 
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Writing a big problem in 
terms of a smaller one. 

 

We will define the size of our problem as being the 
combined number of letters in our two Strings. 

 

As long as we can write the problem distance(a,b) in 
terms of a smaller total size, we'll eventually get to 0, 
which we know how to solve already. 

 



47 

Observation: 
 

You want to try to write this problem in terms of a 
smaller one. 

 

There are 2 cases: 

 

a)The first letter of each String matches 

b)The first letter of each String does NOT match. 
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First letter matches 
 

If the first letter of String a and String b is the same, 
then we just need to compute the distance between the 
rest of the Strings. 

 

if (a.charAt(0) == b.charAt(0)) { 

//substring(n) returns a string starting from index n 

return distance(a.substring(1), b.substring(1)); 

} 
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First letter doesn't match 
 

If the first letter of the Strings doesn't match, then we 
have 3 options. The result will be the mimimum of 
these 3 options: 

 

1)Delete the first letter from String a and calculate 
distance between a.substring(1) and b 

2)Delete the first letter from String b and calculate the 
distance between a and b.substring(1) 

3)Replace a.charAt(0) with b.charAt(0) and calculate 
the distance between a.substring(1) and b.substring(1) 
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First letter doesn't match 
 

Each of those 3 options counts as a step so we should 
add 1 to our answer: 

 

if (a.charAt(0) != b.charAt(0)) { 

return 1 + min(distance(a.substring(1), b)), 

         distance(a, b.substring(1)), 

         distance(a.substring(1), 
b.substring(1))); 

} 
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Delete vs insert? 
 

We said there were 3 ways to transform our Strings. 

 

Why did we choose to delete the first letter of a String 
as opposed to inserting the first letter into the second 
String. 

 

e.g. distance(b.charAt(0) + a, b) 

instead of (a.substring(1), b) 
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Delete vs insert? 
 

e.g. distance(b.charAt(0) + a, b) 

instead of (a.substring(1), b) 

 

The problem if we INSERT is that we have not written 
the problem in terms of a smaller problem. 

 

In fact, we have written it in terms of a BIGGER 
problem. This means, we can get an infinite loop or an 
infinite recursion. 
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Infinite Recursion 
An infinite recursion happens when your solution does 
not eventually converge to a result. 

 

Some reasons are: 

 

1)Your recursion step doesn't make things smaller in 
some cases. 

2)Your base case doesn't exist. 

3)Your base case is skipped over. 
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Example: Navigating a grid 
Suppose you have a robot controlled by artificial 
intelligence. You want to figure out how to get from 
point X to point Y. 

X 

Y 
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Example: Navigating a grid 
Your robot can go up/down/left/right at each step. How 
many steps does it take to go from X to Y 

X 

Y 
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Example: Navigating a grid 
It's easy without obstacles! Count how many horizontal 
steps, and how many vertical steps---called “Manhattan 
Distance” 

X 

Y 
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Example: Navigating a grid 
What if we add walls though? How far is the robot at 
spot X from spot Y? 

X 

Y 
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Example: Navigating a grid 
What if you knew how far all of the surrounding spots 
were? 

X 

Y 

L 

U 

R 

D 
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Example: Navigating a grid 
If we knew all the surrounding distances, then we'd 
know that from X it was 1 more than the SMALLEST 
surrounding distance. 

X 

Y 

11 

11 

13 

13 
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Example: Navigating a grid 
This suggests a recursive solution (at least at first). We 
can try to figure out the distance from Up(x), Left(x), 
Right(x), and Down(x). Then take the minimum and add 
1 

X 

Y 

11 

11 

13 

13 
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Example: Navigating a grid 
We have to avoid infinite loops! From Down(x), we 
don't want to search back Up again! 

X 

Y 

11 

11 

13 

13 
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distance(Point start, Point finish, 
ArrayList<Point> seen) 

What could be our base case? 

X 

Y 

11 

11 

13 

13 
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distance(Point start, Point finish, 
ArrayList<Point> seen) 

If start == finish, then return 0 

If seen.contains(start) then return infinite 

If start is out of bounds or an obstacle return infinite 

X 

Y 

11 

11 

13 

13 
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Recursive case 

calculate distance from up(x) to Y, down(x) to Y, left(x) 
to Y, right(x) to Y and take minimum. 

X 

Y 

11 

11 

13 

13 
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Recursive case 

Much like in the fibonacci example, this sort of 
approach will waste time because we will REPEAT 
computations. We will calculate the distance from the 
blue circle many times. 

X 

Y 

11 

11 

13 

13 
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Recursive case 

To avoid this, we can and should do the same sorts of 
tricks we did with fibonacci to either a)use recursion to 
keep track of our results or b)rewrite the method using 
loops instead 

X 

Y 

11 

11 

13 

13 



Recursion additional slides 
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●Binary Search 

0 1 2 3 4 5 6 7 8 9 10 

data 

int binarySearch(int [] data, int value, int start, int end) { 
  if(start>end) { 
      return -1; 
  } 
  else { 
      int mid=(start+end)/2; 
      if(data[mid]>value) 
         return(binarySearch(data,value,start,mid-1)); 
      else if(data[mid]<value) 
         return(binarySearch(data,value, mid+1,end)); 
      else 
        return(mid); 
  } 
} 



●Binary Search 

0 1 2 3 4 5 6 7 8 9 10 

data 

int value=4 
binarySearch(data, value, 0, data.length()-1); 
 
 


