Beyond Code: Modeling Reality with Objects

A professional’s guide to Object-Oriented Programming for building scalable, maintainable systems.

Real-world programs model real-world
entities. A banking app has accounts. A
game has characters. An Al system has
agents.

Object-Oriented Programming (OOP) is This is the blueprint for building systems
the paradigm for organizing code around that scale.

these objects—bundles of data and

behavior that work together.
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The Procedural Trap: When Simple Code

Becomes Unmanageable

Duplicated
Data
Structure

ralice_account_holder = "Alice”1
alice_balance = 1000

# The Problem: Two accounts, rampant duplication

For every new account,

>l

rbnb_account_hulder ='"Bab"
bob_balance = 5000

C
C
C
C

ef deposit_alice(amount): ...

ef withdraw_alice(amount): ...

ef deposit_bob(amount):

ef withdraw_bob(amount): ...

Duplicated
Logic

y We must duplicate all
variables and functions.

A bug in the withdrawal
—> logic? Now you have to fix
It in multiple places.

his approach doesn't

scale. It creates a
maintenance nightmare.
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The Scaling Problem, Quantified

Procedural Approach The OOP Solution

e ATATARA,

Al /™ em

Q== {o} {o} fn} ()

100 Accounts 100 Accounts
200 Global Variables + 1 Class Definition +

200 Function Definitions 100 Object Instances

A security bug requires 100 manual fixes. A security bug requires 1 single fix in the class.

The core problem OOP solves is scaling and organization. It lets you define structure
once and create as many independent instances as needed.
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A New Blueprint for Reality: Classes and Objects

Class: BankAccount’

([_i SN=

The template, the blueprint,

the definition. It exists only once.

Class
A blueprint for creating objects.

Object: "alice_account’

Object: "carol_account’

]

The actual instances created from the blueprint.
You can create millions, each independent and unique.

Object

A specific instance created from a class, with its own data.
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The Anatomy of a Class

: Blueprint Definition: The
i'L;EE gl.u?pt‘lnt J_ “class’ keyword starts the
2.« Sk definition.

""YA class to represent a dog."""

Class Attribute: Shared by all

# Shared data for ALL dogs ‘Dog" objects.

species = "Canis familiaris"

Constructor: The assembly

# The Constructor: Runs automatically when a new object 1s created line for creating new objects

def __init__(se}f, name: str, age: int):

— Instance Reference: A
reference to the current object,
conventionally named "self .

# 'self' refers to the specific object being created
# These are 'instance attributes' - unique to each dog
self.name = name

self.age = age L Instance Attribute: Data
unique to this specific object.

# An 'instance method' - behavior for a specific dog

def bark(self) -> str: — Instance Method: A behavior
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Object Independence: The Power of self

Each object manages its own data in a separate memory space. Modifying one does not affect another.

The Code

# Create two independent objects
alice = BankAccount(name="Alice", balance=1000)
bob = BankAccount(name="Bob", balance=5000)

# Modify only Alice's account
alice.deposit(200)

The Result in Memory

alice

bob

A

name: "Al

balance:

ice"

1200

W,

-

name: "Bob"

balance: 5000

—> Unchanged.

J

When “alice.deposit(200) " is called, the “self’ inside the method refers *only* to the "alice’ object. The
"bob” object and its data are completely unaffected. This is the core advantage over shared global variables.
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Structuring Your Data: Class vs. Instance Attributes

Should this data be unique to each object, or shared by all of them?

Instance Attributes

def init (self, name):
self.name = name

Data unique to each object.

dogl | dog2

]

name: "Max

name: "Buddy"

Each object gets its own copy.

A user's email, a character’s health, a bank
account’s balance.

Class Attributes
class Dog:
species = "Canis familiaris”

Data shared across all objects of the class.

Dog Class
Lspecies: "..."J
Vs N

[ dogl ] [ dog2 ]

All instances reference this single copy.

Configuration values (e.g., an API's "base_url’),
constants, shared counters (“user_count’).
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Protecting Your Data with Encapsulation

What prevents this? "account.balance = -999999°

Direct attribute access is risky. It allows for invalid data, breaking the rules of your system. Encapsulation
bundles data with methods that control access, protecting data integrity.

The Pythonic Solution: The "@property” Decorator

Before (Unprotected) After (Encapsulated with Validation)
class BankAccount: class BankAccount:
def __init_ (self, balance): def __init_ (self, balance):
# Anyone can set this to anything self._balance = @
self.balance = balance self.balance = balance # Calls the setter!
@property

def balance(self):
return self._balance

@balance.setter
def balance(self, value):
if value < @:
raise ValueError('Balance cannot be negative.")
self._balance = value

‘@property provides validated access that *looks* like a simple attribute. This is the key to creating robust
and secure classes.
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The Pyramid of Access: Signaling Intent in Python

“We are all consenting adults here.”

Python trusts developers, using naming conventions to signal how an attribute or method should be used.

__private (double leading underscore)

Name Mangling. Intended to avoid naming conflicts
in subclasses. Avoid unless you have a specific
inheritance problem to solve.

_protected (single leading underscore)

This is an internal implementation detail. A strong
signal to other developers: "Don't touch this from
outside the class; it might change.” Used for

attributes managed by properties (e.g., *_balance”).

public (noleading underscore)

This is part of the public API. You canrely on
this attribute or method; it's safe to use.
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A Method for Every Task: Instance, Class, and Static

Method Type How it's defined First Argument

Instance Method  def method(self, ...) self

(The object
instance)

Class Method cls
@classmethod (The class itself)
def method(cls, ...)

Static Method None

@staticmethod
def method(...)

When to Use It

Operates on a specific object's
state ('self.attribute’).
This is the most common type
of method.

Operates on the class, or as a
‘factory” to create instances
from alternative data sources.

A utility function that is
logically related to the class
but doesn't need access to
instance ("self’) or class
(‘cls’) data.

Example Use Case

account.deposit(100)

User.from_json(data)

MathHelper.is_prime(n)
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Professional Pattern: Creating Objects with Factories

How do you create an object if your input data doesn't perfectly matchthe "__init_ "~ constructor? For example,
creatinga User froma JSON objectora Dog™ from a formatted string.

Use a "@classmethod” as an alternative constructor.

class User:
def init ({self, user id: int, name: str):
self.id = user id
self.name = name

@classmethod

def from_json(cls, json_data: dict):
""Creates a User instance from a JSON dictionary."""
# The factory logic to parse the data
user_id = json_data.get("id")
name = json_data.get("username")
i fcls" vis The llser class,. 5 ( ey Callls S ipate
return cls(user_id=user_id, name=name)

# How to use it:
user_data = {"id": 101, "username'": "Alice"}
alice = User.from_json(user_data) # Clean and descriptive

Factory methods provide clear, semantic ways to construct objects, making your class APl more robust and user-friendly.
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Synthesis: Architecting a Multi-Class Game System

To build a simple, turn-based RPG character system, integrating all the OOP concepts we've learned.

Inventory

Composition
(has-a)

Character (ABC)

_health
_attack_power

Inheritance
(is-a)

Player Enemy
iInventory al_strategy
experience

 Design Decisions

* Inheritance: "Player” and
"Enemy " both inherit shared
logic (" take_damage”) from
a Character’ baseclass.

o Composition: A Player’
"hasan” Inventory object
to manage its items.

* Encapsulation: Character
"health” will be a property
to ensure it stays between O
and ‘max_health".
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The Modern Workflow: You are the Architect, Al is the Implementer

Instead of typing 200+ lines of code manually, professionals now focus on high-level design
and validation. You translate your architectural plan into a detailed prompt for your Al partner.

@

The Architect The Al Implementer

"Based on my game design plan, generate the Python code. Create a "Character’™ base class with
protected "_health® and a "health’ property that validates between 0 and max. "Player” should
inherit from Character and have an inventory 1list. Enemy also inherits and adds an
"ai_strategy ... Ensure all methods have type hints and docstrings."

Your value is in the design, the planning, and the validation. Al handles the boilerplate.
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Proof of Concept: Objects in Action

A "Player objectandan "Enemy  object engage in a turn-based battle. We can see their
methods being called and their independent states changing.

r0' (Health: 100/100) created.
| (Health: 50/50) created.

--- BATTLE START ---
Turn 1: ) attacks Gob
> Goblin Health: 35/50

for 15 damage!

Turn 2: Goblin attacks Hel
> | Health: 92/100

for 8 damage!

HNUERSSE ~o attacks Goblin for 17 damage!
> Goblin Health: 18/50

e Each object ("Hero", "Goblin")
maintains its own state
(“health”).

e Methods (Tattack",
“take_damage ") are called on
specific instances.

The system works as designed
because of the clean separation
of data and behavior that OOP
provides.
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The Paradigm Shift: From Writing Code to Building Worlds

Object-Oriented Programming is more than syntax.
It is a mental model for managing complexity.

i BNz & &
Classes as Objects as Encapsulation for Inheritance for
Blueprints Independent Agents Data Integrity Code Re-use

This model is essential for Al-native development. Al agents, models, and tools are all objects. They have
state (memory, configuration) and behavior (capabilities, actions). By mastering OOP, you are
learning the language used to architect the next generation of intelligent systems.

You no longer just write scripts. You design and build interacting systems that model reality.
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