PYTHON LANGUAGE COURSE  ·  PROJECT 35 OF 40
Generators & Lazy Evaluation

Objective
Rewrite iterator-based solutions as generators using yield, understanding lazy evaluation and when generators are the more efficient, more Pythonic choice.
Prerequisites
1. Completion of Project 34
Concept Overview
	Concept
	Why It Matters Here

	Generator functions and yield
	A function containing `yield` becomes a generator -- calling it returns a generator object without running any code yet.

	Lazy evaluation
	Values are produced one at a time, on demand, rather than computing everything upfront -- crucial for large or infinite sequences.

	Generator state persistence
	Between yields, a generator function's local state (variables, position) is automatically preserved -- something ordinary functions can't do.

	Generator expressions vs. generator functions
	The concise inline syntax from Project 17 vs. full generator functions -- when each is the better fit.



Tools & Setup
1. Python 3 interpreter
Step-by-Step Instructions
1. Rewrite Project 34's CountUp iterator class as a simple generator function `count_up(start, end)` using yield, and compare the code length/complexity.
1. Rewrite the Fibonacci iterable as a generator function `fibonacci_gen(n)`.
1. Write an INFINITE generator `natural_numbers()` that yields 1, 2, 3, ... forever (no end condition), and safely consume only the first 10 values from it using itertools.islice or a manual break.
1. Write a generator function `read_large_file_lines(filepath)` that yields one line at a time from a file, and explain why this is more memory-efficient than reading the whole file into a list first.
1. Write a generator function that filters and transforms data in one pass (e.g., yield only even squares from an input iterable), and compare it to an equivalent list comprehension.
1. Demonstrate that a generator can only be iterated once by attempting to loop over the same generator object twice, and observe the second loop produces nothing.
1. Use `yield from` to delegate part of a generator's work to another generator function, chaining them together.
1. Rewrite the ChunkedIterator class from Project 34's assignment as a generator function, and confirm it behaves identically from the caller's perspective.
Assignment
Write a generator function `paginate(items, page_size)` that yields successive pages (lists) of a given size from a large list, and a second generator function `flatten_pages(pages)` that takes the output of paginate() and yields individual items back out one at a time using `yield from` -- demonstrating that composing generators reconstructs the original sequence.
Extensions (Optional Challenge)
1. Build a generator-based pipeline that reads a large log file (Project 31), filters for ERROR lines, and extracts timestamps -- all lazily, without ever holding the full file in memory at once
1. Explore generator .send() and explain (with a small example) how generators can receive values, not just produce them
1. Benchmark (conceptually, in comments) memory usage of a list comprehension vs. equivalent generator expression for processing 10 million items
Grading Rubric
	Criterion
	Weight
	What We're Looking For

	Generator Correctness
	30%
	All generator functions correctly yield expected values in the expected order.

	Lazy Evaluation Understanding
	25%
	The infinite-generator exercise correctly demonstrates and explains lazy evaluation.

	Single-Use Demonstration
	20%
	The exhausted-generator exercise correctly demonstrates single-use behavior.

	Pipeline Composition
	25%
	paginate/flatten_pages correctly compose together using yield from.


