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Magic Methods — Custom Vector Class

Objective
Build a 2D/3D vector class using Python's magic (dunder) methods, learning how to make custom objects behave naturally with built-in operators and functions.
Prerequisites
1. Completion of Projects 21, 25
Concept Overview
	Concept
	Why It Matters Here

	Magic methods (dunder methods)
	Special methods like __init__, __str__, __eq__ that Python calls automatically in response to built-in syntax and functions.

	Operator overloading
	Defining __add__, __sub__, __mul__ etc. so custom objects can be used with +, -, * naturally.

	__str__ vs. __repr__
	Two different string representations -- one for human-readable display, one for unambiguous debugging output.

	__eq__ and hashability
	Defining custom equality, and understanding its relationship to whether objects can be used in sets/dict keys.



Tools & Setup
1. Python 3 interpreter
1. math module (standard library, for magnitude calculations)
Step-by-Step Instructions
1. Define a `Vector` class with `x` and `y` components set in __init__.
1. Add a `__str__` method that returns a readable form like 'Vector(3, 4)'.
1. Add a `__repr__` method (can be the same format, or a more 'reconstructible' one) and explain the difference between the two in a comment.
1. Add `__add__` and `__sub__` methods so two Vector instances can be added/subtracted with + and - directly.
1. Add `__mul__` to support scalar multiplication (Vector * number).
1. Add `__eq__` to compare two vectors for equality based on their components, not object identity.
1. Add a `magnitude()` method (not a magic method) that computes the vector's length using math.sqrt.
1. Add `__lt__` so vectors can be compared/sorted by magnitude, and test sorting a list of Vector instances.
Assignment
Add `__abs__` (returning the magnitude, so `abs(my_vector)` works naturally) and `__neg__` (returning a vector with both components negated, so `-my_vector` works), then write a small test script demonstrating a realistic vector-math expression combining several of these operators in one line.
Extensions (Optional Challenge)
1. Extend the class to support 3D vectors with a z component, updating all magic methods accordingly
1. Add __getitem__ so a vector's components can be accessed like v[0]/v[1]
1. Implement dot-product and cross-product methods, researching the correct mathematical operations for cross-product in 3D
Grading Rubric
	Criterion
	Weight
	What We're Looking For

	Magic Method Correctness
	35%
	All implemented dunder methods behave correctly with their corresponding operators.

	__str__ vs __repr__
	15%
	Both are implemented and their distinct purposes are correctly explained.

	Equality & Comparison
	25%
	__eq__ and __lt__ correctly compare vectors by value, not identity.

	Mathematical Correctness
	25%
	Magnitude, abs, and negation calculations are mathematically correct.


