PYTHON LANGUAGE COURSE  ·  PROJECT 36 OF 40
Decorators — Function Timing & Logging

Objective
Build practical decorators for timing and logging function calls, understanding closures and the decorator pattern that underlies much of Python's more advanced, expressive code.
Prerequisites
1. Completion of Projects 14-15 (functions, scope)
Concept Overview
	Concept
	Why It Matters Here

	Functions as first-class objects
	Python functions can be passed around, returned from other functions, and assigned to variables -- the foundation decorators build on.

	Closures
	An inner function that 'remembers' variables from its enclosing scope even after the outer function has finished running.

	The decorator pattern
	Wrapping a function to add behavior (logging, timing, validation) before/after it runs, without modifying the function's own code.

	functools.wraps
	Preserving a decorated function's original name and docstring, which would otherwise be lost by the wrapping process.



Tools & Setup
1. Python 3 interpreter
1. time module (standard library)
1. functools module (standard library)
Step-by-Step Instructions
1. Write a simple closure example: an outer function that returns an inner function which remembers a variable from the outer function's scope.
1. Write a decorator `@timer` that measures and prints how long the decorated function takes to run, using time.time() before and after the call.
1. Apply @timer to a few different functions (including one with a deliberate small delay) and confirm the timing output is sensible.
1. Write a decorator `@log_calls` that prints the decorated function's name and the arguments it was called with, every time it's called.
1. Use `functools.wraps` inside your decorators and demonstrate (by printing `.__name__` and `.__doc__`) that without it, the decorated function loses its original identity.
1. Write a decorator `@retry(times=3)` that takes an argument (a decorator factory) and retries the decorated function up to the specified number of times if it raises an exception.
1. Stack multiple decorators on a single function (e.g., both @timer and @log_calls) and confirm they compose correctly, checking the order they execute in.
1. Write a decorator `@require_positive` that validates a single numeric argument is positive before allowing the wrapped function to run, raising a clear error otherwise.
Assignment
Write a decorator `@cache_result` that memoizes a function's return value based on its arguments (using a dictionary keyed by the arguments), so repeated calls with the same arguments skip recomputation -- and demonstrate its effect on a deliberately slow/expensive function (like a naive recursive Fibonacci from Project 16).
Extensions (Optional Challenge)
1. Build a class-based decorator (using __call__) as an alternative to the function-based decorators you've written, and compare the two approaches
1. Add a decorator that restricts how many times a function can be called in total, raising an error past the limit
1. Explore Python's built-in @functools.lru_cache and compare it to your own @cache_result implementation
Grading Rubric
	Criterion
	Weight
	What We're Looking For

	Closure Understanding
	20%
	The closure example correctly demonstrates variable capture from an enclosing scope.

	Decorator Correctness
	35%
	All decorators correctly wrap and modify behavior without breaking the original function.

	Decorator with Arguments
	25%
	@retry(times=3) correctly implements a decorator factory pattern.

	functools.wraps Usage
	20%
	wraps is correctly used and its effect is correctly demonstrated.


