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From Code to Architecture

We will progress through five key stages of OOP mastery. This is not just

about learning language features; it’s about adopting a professional design
mindset. Each stage builds on the last, taking you from structuring code to
designing entire systems.

<

1. Inheritance: 2. Polymorphism: 3. Composition: 4. Special Methods: 5. Design Patterns:
The Power of 'Is-A' The Flexibility of a The Professional's The Art of Pythonic The Wisdom of
Common Interface Choice: 'Has-A' Polish Reusable Solutions
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Level 1: Inheritance — Solving Code
Duplication with Hierarchies

Inheritance creates “is-a” relationships
to reuse code and define common
structures. A Dog is-an Animal; an
ElectricCar is-a Car.

Key Insight: At its core, inheritance is a
tool for organization. This power,
however, comes with hidden
complexity that can lead to rigid designs
if misused.

Vehicle

Car

class Vehicle:
def __init__(self, brand):
self.brand = brand
def describe(self):
return f"A {self.brand} vehicle."

class Car(Vehicle):
def __init__(self, brand, model):

super().__init__(brand) # Call parent's init

self.model = model
def describe(self): # Method Overriding
return f"A {self.brand} {self.model} car.”
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How Python Resolves the Diamond Problem:

(A
99@

Method Resolution Order (MRO)

Concept:

With multiple parents, how does Pythcm choose
Wthh method to call? The Method Resolutio:

)rder (MRO), calculated by thE’ 3 Linearizatio
algorlthm provides the answer.

[D, B, C, A, object]

Key Insight:

C3 Linearization guarantees a predictable,
consistent search order that prevents the chaos
seen in older languages. The key rules are:

(1) Subclasses before parents,

(2) Inheritance order preserved (left-to-right), and
(3) No class is visited twice.
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Level 2: Polymorphism — The Power of a Common
Interface

The Problem: Your code is filled with “isinstance() " checks, making it fragile and violating the
Open/Closed Principle. Every new type requires modifying the core logic.

The Solution: Polymorphism. The ability to treat objects of different classes as if they were the same,
as long as they share an interface (e.g., a * .process() " method). The same method call produces
different behavior depending on the object’s actual type.

Before (The Brittle Way) After (The Architect’s Way)
i ;i zggizfgézg i WV
def dispatch(agent, message): def dispatch(agent, message):
if isinstance(agent, ChatAgent): # Works for any agent with a .process() method
agent.process_chat(message) agent.process(message)

elif isinstance(agent, CodeAgent):

agent.execute_code(message)
# ...more elifs for every new agent...
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Two Flavors of Polymorphism:
Enforced Contracts vs. Implied Behavior

O
Q_ga

Abstract Base Classes (ABCs) Duck Typing
Formal contracts. Subclasses must implement required “If it walks like a duck and quacks like a duck...” An
methods marked with @abstractmethod. If they don't, object’s suitability is determined by the presence of
Python raises a TypeError at instantiation. the necessary methods, not by its inheritance.
Use When: You are building a framework, need to Use When: You need maximum flexibility, are writing
guarantee an interface for other developers, and want application code, or are integrating with code from
to catch errors early. external libraries you don't control.
Key Takeaway: This is a major architect .ce: Do you enforce a hierarchy or trust behavior?
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The Turning Point: Rethinking Our Foundation

The Problem with T

Inheritance - Favor i

Rigid hierarchies break when ) \ Com position
faced with real-world complexity. '.

A Penguin is-a Bird, but it can’t Over

fly( ). Forcingitinto a /4 o } ]
hierarchy where all B1rd objects | I nherlta nce.

must have a f Ly () method
violates the contract (the Liskov
Substitution Principle).

Inheritance Rigidity
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Level 3: Composition — Building Flexible Objects from Components

Concept: Instead of an object being a thing, an object has
things. A 'Car’ has-an Engine. An ‘Agent has-a
'ReasoningEngine and has-a DatabaseEngine .

Key Insight: This decouples capabilities from identity. It
allows for runtime flexibility and mix-and-match
components, solving the combinatorial explosion problem
where 2A5 - 1 = 31 classes would be needed to represent all
combinations of 5 capabilities using inheritance.

class Agent:
def __init__(self, name, *engines):
self.name = name
# Agent HAS-A collection of engines
self.engines = {type(e).__name__: e for e in engines}

# Create agents by composing capabilities
chat_agent = Agent("Chatty", LLMEngine())
research_agent = Agent("Researcher", SearchEngine(), DatabaseEngine())
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Level 4: Special Methods — Making Objects ‘Pythonic’

The Problem: Your custom objects feel awkward. You can't use standard operators like "+ or built-in
functions like "len() " and 'print()" on them naturally.

The Solution: Special Methods (or “Dunder Methods”) are Python’s protocol system. Implementing them
lets your objects integrate seamlessly with the language’s built-in syntax and functions.

Python Syntax Special Method Called
=) | brinti(eby) SIS H R 6) R IR =T )
=F | objl + obj2 __add__()
™) len(obj) melen=s()
50 for x in obj: __iter__()
58 | obj == other __eq__Q
obj () N call=uE)
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From Clunky to Fluent

Before After
# Awkward, verbose, and non-standard # Pythonic, intuitive, and readable
v3 = vl.add_vector(v2) v3 = vl + v2
print(vl.to_string_representation()) print(vl) # Calls __str__
if vl.is_equal_to(v2): i vl ==wo: FEalle afa
W o ey

Key Insight: This isn’t just syntactic sugar. It's about designing objects that respect

language conventions and provide an intuitive API for other developers.
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Level 5: Design Patterns —
The Architect’s Vocabulary

Design patterns are reusable, conceptual solutions to commonly occurring problems
within a given context in software design. They are not specific pieces of code, but
rather battle-tested blueprints for organizing code.

Knowing patterns allows you to solve problems elegantly instead of reinventing the
wheel. More importantly, it provides a shared vocabulary to communicate
complex architectural ideas with your team.
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Core Creational & Structural Patterns

Factory Pattern Singleton Pattern
= € [C
‘ = Ji EEIE ojoo|o
DIE .\‘] | m AnE
[create_agent("chat”)}% @ </> Iu‘mu‘u‘ > (00100 (|00] < alans
= (aF - olm® oo g (joD oimis
L ]
@ A / Configuration \ A
SEEIE Manager FEEIE
ol |o ol o
Problem: You need to create objects without tightly coupling Problem: You need to guarantee that there is only ONE
the creation code to the specific classes. The exact type of instance of a class throughout the application’s lifecycle
object needed might be determined by a string from a config (e.g., a database connection pool, a configuration manager,
file or user input. or an agent coordinator).
Solution: A central create_agent("chat") function or class Solution: A class that manages its own __new__ method to
that hides the ChatAgent () instantiation logic, returning an ensure that only a single instance is ever created and
object that conforms to a common interface. returned.
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Core Behavioral Patterns

Strategy Pattern

Agent

socket
current_strategy

Problem

NG

)

@

5

Aggressiveﬂecisianﬁtrategy

¢

)

efensiveDecisionStrategy

BalancedDecisionStrategy

An object’s algorithm or behavior needs to be selected or
changed at runtime. For example, an agent might need to
switch between an AggressiveDecisionStrategy and a

DefensiveDecisionStrategy.

Solution

Encapsulate algorithms in separate, swappable ‘strategy’
objects. The main object holds a reference to a strategy and
delegates the work. (This pattern uses Composition and

Polymorphism together!)

Observer Pattern
—
; Publisher ﬁ t' @ O # | Observer 2
Gy
Event Bus \ i
Problem

Multiple objects need to be notified of state changes in
another object, but you want to avoid tight coupling where
the notifier has to know about all its listeners.

Solution

A central ‘Event Bus’ or ‘Subject’ that observers can
subscribe to. When an event occurs, the subject notifies all
registered observers without needing to know who they are.
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The Integrated Architecture: All The Pieces Working Together

A mature system doesn't just use one of these principles; it uses them in harmony
to create a design that is scalable, flexible, and maintainable.

A

Singleton: &
The *“AgentManager® o e 2 O Inheritance: "ChatAgent”
ensures one coordinator. \! ), @ is-a "BaseAgent ", defining
the core contract.

Factory: An "AgentFactory’ d 2 e = O _ © Composition: The “Agent”
creates agents by type e—0n | S has-a 'DecisionStrategy’
(“chat®, ‘code’ ). “ N — | L : for swappable behavior.

Observer: A central . ;
k : O Polymorphism: The main loop
EventBus handles © calls agent .process ()" on

decoupled communication. \S %\ - any agent type.
N |

These aren't isolated topics; they are the integrated toolkit of a software architect.
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You Are Now Thinking Like an Architect

Summary

You've journeyed from structuring code with
classes to designing flexible, maintainable
systems. You now understand not just how to
write advanced OOP code, but why and when to
apply its most powerful principles to solve
real-world architectural problems.

Your Path Forward

o Solidify your knowledge by taking the
Chapter 26 Quiz.

e Apply these patterns to your next project.

e When you design, think not just about making
it work today, but about making it last for
years to come.
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