PYTHON LANGUAGE COURSE  ·  PROJECT 16 OF 40
Recursive Functions

Objective
Implement classic recursive algorithms, building an intuition for recursion as an alternative to iteration and understanding its tradeoffs.
Prerequisites
1. Completion of Projects 14-15
Concept Overview
	Concept
	Why It Matters Here

	Base case and recursive case
	Every correct recursive function needs a condition that stops the recursion, plus a case that calls itself with a smaller problem.

	The call stack
	Each recursive call adds a frame to the call stack -- understanding this explains both how recursion works and why it can hit limits.

	Recursion vs. iteration
	The same problem can often be solved either way; recursion can be more elegant but sometimes less efficient.

	Stack overflow / recursion limits
	Python's default recursion limit and what happens when a recursive function never reaches its base case.



Tools & Setup
1. Python 3 interpreter
Step-by-Step Instructions
1. Write a recursive function `factorial(n)` and identify its base case and recursive case explicitly in comments.
1. Write a recursive function `fibonacci(n)` that returns the nth Fibonacci number.
1. Write an iterative (loop-based) version of both factorial and fibonacci, and compare the code side by side.
1. Deliberately write a recursive function with a missing or incorrect base case, run it, and observe the RecursionError -- then fix it.
1. Write a recursive function `sum_digits(n)` that sums the digits of a positive integer.
1. Write a recursive function `reverse_string(s)` that reverses a string using recursion (not slicing).
1. Write a recursive function that counts the number of items in a nested list of arbitrary depth.
1. Measure (conceptually, via print statements showing call depth) how many recursive calls fibonacci(10) makes, and discuss why naive recursive Fibonacci is inefficient for larger n.
Assignment
Write a recursive function `binary_search(sorted_list, target)` that returns the index of `target` in `sorted_list` (or -1 if not found), using recursion rather than a loop, and explain in a comment why this problem is naturally suited to a recursive approach.
Extensions (Optional Challenge)
1. Implement memoized recursive Fibonacci using a dictionary cache and compare its performance to the naive version
1. Write a recursive function that solves the classic Tower of Hanoi puzzle and prints each move
1. Explore Python's sys.setrecursionlimit() and explain the risks of increasing it carelessly
Grading Rubric
	Criterion
	Weight
	What We're Looking For

	Base/Recursive Case Correctness
	35%
	All recursive functions have correct, clearly identified base and recursive cases.

	Recursion vs. Iteration
	20%
	Iterative comparisons are correct and the tradeoffs are clearly explained.

	Binary Search Correctness
	25%
	The recursive binary search correctly finds targets and handles not-found cases.

	Understanding of Limits
	20%
	The RecursionError exercise and explanation demonstrate real understanding, not just rote code.


