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Abstract Base Classes — Payment Processor

Objective
Build a payment-processing system using formal abstract base classes, learning how to enforce a consistent interface across multiple concrete implementations.
Prerequisites
1. Completion of Projects 23-24
Concept Overview
	Concept
	Why It Matters Here

	Abstract base classes (ABC)
	Classes that can't be instantiated directly, existing only to define a required interface for their subclasses.

	@abstractmethod
	Marking a method as required -- any subclass that doesn't implement it also can't be instantiated, catching design errors early.

	Interface design
	Thinking explicitly about what methods every implementation MUST provide, before writing any concrete implementation.

	ABC vs. duck typing
	When Python's informal duck typing (Project 24) is sufficient vs. when formally enforcing an interface with ABC adds real value.



Tools & Setup
1. Python 3 interpreter
1. abc module (standard library)
Step-by-Step Instructions
1. Define an abstract base class `PaymentProcessor` using ABC and @abstractmethod, requiring subclasses to implement `process_payment(amount)` and `refund(amount)`.
1. Attempt to instantiate PaymentProcessor directly and observe the TypeError Python raises, confirming the abstraction is enforced.
1. Define a `CreditCardProcessor` subclass implementing both required methods with credit-card-specific logic (e.g., simulated approval checks).
1. Define a `PayPalProcessor` and a `BankTransferProcessor` subclass, each with their own realistic implementation of the two required methods.
1. Deliberately create a subclass that forgets to implement `refund()`, attempt to instantiate it, and observe that Python prevents this -- then fix it.
1. Add a non-abstract shared method on the base class (e.g., `log_transaction()`) that all subclasses inherit and use identically.
1. Write a function `checkout(processor, amount)` that works polymorphically across any PaymentProcessor subclass.
1. Create a list of different processor instances and run a simulated batch of payments through the same checkout() function.
Assignment
Add a second abstract method `get_transaction_fee(amount)` to the base class, requiring each processor subclass to define its own fee structure (e.g., flat fee, percentage-based, or tiered), and update the checkout() function to display the fee-inclusive total for any processor type.
Extensions (Optional Challenge)
1. Add an abstract property (using @property combined with @abstractmethod) requiring each subclass to expose a `processor_name`
1. Explore Python's `Protocol` (from typing) as a structural-typing alternative to ABC and explain the key difference
1. Build a simple processor 'registry' that selects the right processor class based on a payment-method string, without needing if/elif type-checking
Grading Rubric
	Criterion
	Weight
	What We're Looking For

	ABC Enforcement
	30%
	Abstract methods correctly prevent instantiation of incomplete subclasses.

	Subclass Implementations
	30%
	All processor subclasses correctly implement the required interface.

	Polymorphic Checkout
	25%
	checkout() works correctly and identically across all processor types.

	Fee Extension
	15%
	The transaction-fee abstract method is correctly added and implemented per subclass.


