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Today’s Topics
• Questions?/Comments?
• Let’s finish writing the remove method
• Start discussion of recursion



Binary Search Trees
• Let’s write remove.

• If a leaf --- remove it easily ( set it’s parent’s child to null)

• If it has only 1 child, (set its parent’s child to its only child)

• If it has 2 children, then we do:
– Either replace the node to be removed’s data with that 

of the RMN in LST’s data OR LMN in RST’s data.  
(that is, either with the largest in its left subtree or 
with the smallest in its right subtree).  

– We decided that we’ll do RMN in LST.  We’ll then 
remove this RMN in LST which will be easier to 
remove as it has at most one child.



Recursion

• 1. have at least one base case that is not recursive
• 2. recursive case(s) must progress towards the base case
• 3. trust that your recursive call does what it says it will do 

(without having to unravel all the recursion in your head.)
• 4. try not to do redundant work.  That is, in different 

recursive calls, don't recalculate the same info.



Recursion
• Need to decide if the recursive function will return some value, or not 

return a value.
• If it is to return a value, then 

– Every call to it needs to capture the returned value 
– e.g.   result = funrec(x)
or           return funrec(x)   
– And a return statement must occur for any inputs

– Examples that do return a value: 
• search, in_order --- the one that returns a str

– If it does not return a value 
• like insert (if we wrote it recursively), or in_order --- the 

one that prints
• Then you don’t want any return ____ lines nor should you 

capture what is returned (because nothing is returned)



Recursion

• some definitions are inherently recursive
• e.g.
• sum of the first n integers, n>= 1.
• S(1) = 1
• S(N) = S(N-1) + N

• recursive code for this
• iterative code for this
• simpler code for this ->   N*(N+1)/2
• any problems with the recursive code? n=0 or large n?



Recursion

• The last example showed that recursion didn't really 
simplify our lives, but there are times when it does.

• e.g. If given an integer and you wanted to print the 
individual digits in order, but you didn't have the ability to 
easily convert an int >10 to a string.

• e.g. n=35672
• If we wanted to print 3 first then 5 then 6 then 7 then 2, 

we need to come up with a way to extract those digits via 
some mathematical computation.

• It's easy to get the last digit n%10 gives us that.  
• Notice: 35672 % 10 = 2    also    2 % 10 = 2.
• Any ideas on a recursive way to display all the numbers in 

order?



Recursion

def print_digits(n):
if n>=10:

print_digits((n/10))

print(str(n), end=’’)

// what's the base case here?

// what's the recursive step here?  Will it always 
approach the base case?



Recursion

• Now that last problem was “made up”, because python 
(and most languages) allow us to print ints.

• However what if we wanted to print the int in a different 
base?  Say base 2, 3, 4, 5, or some other base?



Recursion

• The fibonacci sequence is:
0, 1, 1, 2, 3, 5, 8, 13, 21, 34, 55, 89, ...

– Can you detect the pattern?



Recursion

• The fibonacci sequence is:
0, 1, 1, 2, 3, 5, 8, 13, 21, 34, 55, 89, ...

• Fibonacci numbers are simply defined recursively:
F0 = 0
F1 = 1
Fn = Fn-1 + Fn-2

• How could we convert this to code to calculate the ith 
fibonacci number?



Recursion
• Fibonacci numbers are simply defined recursively:

F0 = 0
F1 = 1
Fn = Fn-1 + Fn-2

• How could we convert this to code to calculate the ith 
fibonacci number?

• Does the function below return anything?  Is the returned 
value “captured” each call?
  

def fib(i):
if i <= 1:

return i
else:

return fib(i-1) + fib(i-2) 



Recursion

Any problems with that code?



Recursion
Any problems with that code?
Yes – it makes too many calls.  And further, these calls 

are redundant.
It violates that 4th idea of recursion stated earlier: in 

different recursive calls, don't recalculate the same info.



Recursion
• We know what a tree is.

• Can anyone give a recursive definition of a tree?



Recursion
• We know what a tree is.

• Can anyone give a recursive definition of a tree?
– A tree is empty or it has a root connected to 0 or more 

subtrees.
– (Note a subtree, taken on its own, is a tree.)
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