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This is a sample from “Modern Object-OrientedPython: Write Clean, Pythonic Code with OOP”
Object-orientedprogramming (OOP) is one of themost powerful toolsin Python, but knowing how to use it well is what separates clean,maintainable code from a tangled mess.
This book takes you from the core building blocks of OOP all the wayto the design principles that professionals rely on to keep large code-bases healthy. At the end of the book you’ll be able to:
• Model real-world entities with classes, data attributes, and meth-ods, and customize object behavior with Python’s special methods
• Reuse and organize code with inheritance and composition, man-age attribute access cleanly with properties, and cut boilerplate us-ing data classes
• Apply the SOLID principles to design robust, maintainable object-oriented code that’s a pleasure to read, extend, and maintain

If you enjoyed the sample chapters you can purchase a fullversion of the book at realpython.com/modern-oop

https://realpython.com/modern-oop
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Foreword
“Everything is an object in Python.” This is a phrase you’ll hear of-ten, but what does it really mean? This book answers this questionby introducing the fundamentals of Object-Oriented Programming inPython.
Python gives you a lot of freedomwhen choosing the style of program-ming you wish to use. You can write useful programs with functions,built-in data types, and modules alone. However, as your code grows,you’ll need to provide structure to ensure your code is readable, main-tainable, and as close to bug-free as possible.
Object-oriented programming is one of the coding paradigms you canuse to structure your code. It’s a style of coding based on groupingrelated data and behavior into single units called objects. Rememberthe phrase “everything is an object in Python”. It’s because the Pythonlanguage is built using object-oriented principles. As you dive deeperinto any Python topic, you’ll find object-oriented programming con-cepts underpinning the language.
Who This Book Is For
This book is for programmers who already know the Python basics.You should be comfortable with variables, functions, conditionals,loops, and Python’s built-in data types.
You may have used classes before without feeling fully confident, oryou learned OOP in another language and found Python’s approach
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Contents
confusing. Perhaps you avoided classes altogether because they feltunnecessary or overcomplicated.
If any of that sounds familiar, you’re the intended audience.
A Pythonic Approach to OOP
Throughout this book, OOP is treated as a practical technique ratherthan a strict set of rules to follow dogmatically. You’ll focus on writ-ing clear, readable code and on understanding Python’s object model,instead of memorizing patterns or terminology.
OOP, as this paradigm is referred to, is an essential tool in modernprogramming. Not everyone in the programming community loves it;however, it’s everywhere in Python. Still, it’s not a requirement whencoding in Python. OOP is one of many programming styles you canchoose. You can write many programs without defining classes.
This book will explore what’s good about OOP, but it’ll also highlightpitfalls you should avoid. You’ll learn to make practical choices aboutwhen and how to use OOP features in your own projects. You’ll alsosee when not to use classes and what alternatives Python offers.
This book exists to help you use object-oriented programming inPython when it makes your code better, and not just because itexists.
How This Book Is Organized
You’ll start with the fundamentals: classes, instances, data at-tributes, and methods. From there, you’ll dig deeper into Python’sobject model by exploring special methods, object creation, andinitialization.
Later chapters focus on design choices, such as inheritance versuscomposition, managing attributes with properties, and using dataclasses. The book closes with a practical look at the SOLID principlesand how they apply to Python code.
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Contents
You can read this book from start to finish or return to specific chap-ters as a reference. The examples are designed to be run, modified,and explored. Revisiting earlier sections as your understanding growsis encouraged.
The Real Python Philosophy
This book is based on Real Python tutorials and teaching experience.The focus is on clear explanations and examples, and understandingwhy things work the way they do.
There’s no heavy theory for its own sake, and no attempt to force asingle “correct” way of writing object-oriented Python. The goal isto help you make informed choices and write code you’ll be happy tomaintain.
Learning by Doing
This book is all about learning by doing. Be sure to actually type in thecode examples you encounter rather than copying and pasting them.You’ll learn the concepts better and pick up the syntax faster if youtype each line yourself. If you make a mistake, the simple act of cor-recting it will help you learn how to debug your code.
The code found in this book has been tested with Python 3.14 onWin-dows, macOS, and Linux.
Formatting Conventions
Code blocks are used to present example code:
class Dog:

def __init__(self, name, age):

self.name = name

self.age = age

Monospace text denotes filenames, such as dog.py, and inline code ref-erences like .name and .__init__().
9



Contents
Bold text denotes a new or important termwhen it’s first introduced.
Throughout the book, you’ll encounter highlighted boxes that call at-tention to specific types of information:

Note
Notes provide additional context, clarify terminology, or pointto related topics elsewhere in the book.

Tips offer best practices, recommended techniques, or useful short-cuts.
Warnings highlight common pitfalls, security risks, or things thatcould lead to unexpected behavior.
Example Code License
The example Python scripts in this book are licensed under a CreativeCommons Public Domain (CC0) License. You’re welcome to use anyportion of the code for any purpose in your own programs.
Feedback and Errata
Your feedback helps make this book better. If you find an error inthe text or code, if a topic is confusing, or if you have suggestions forimprovement, we’d love to hear from you:
realpython.com/modern-oop/feedback
Let’s Get Started
Learning OOP is a process. Some ideas will click immediately, whileothersmay take time and repetition. That’s normal. By the end of thisbook, you’ll have a solid understanding of Python’s object-orientedfeatures and the confidence to use them in the right places.
Let’s begin.
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Chapter 1
Introduction toObject-OrientedProgramming
A computer program stores data and performs actions with it. Data isstored in data structures, and functions deal with the actions you needto perform on the data. Object-oriented programming (OOP) isaway of structuring a programby bundling related data and behaviorsinto a single unit. These units are called objects.
OOP is a cornerstone of modern software development, providing astructured way to design and organize code that helps youmodel real-world things and how they interact with each other.

1.1 What Is Object-OrientedProgramming in Python?
Python implements the object-oriented programming paradigmthrough classes. They provide an elegant way to define reusablepieces of code that encapsulate data and behavior in a single entity.
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1.2. How Do You Define a Class in Python?
For example, an object could represent a person with characteristicslike a name, age, and address and behaviors such as walking, talking,breathing, and running. Or it could represent an email with character-istics like a recipient list, subject, and body and behaviors like addingattachments and sending.
Put another way, object-oriented programming is an approach formodeling concrete or abstract things and ideas as well as relationsbetween them. OOP models entities as software objects that havesome data associated with them and can perform certain operations.
The key takeaway is that objects are at the center of object-orientedprogramming in Python. In other programming paradigms, datastructures only represent the data, and separate functions deal withbehavior. In OOP, objects inform the overall structure of the programby combining data and behavior.

1.2 How Do You Define a Class inPython?
In Python, you define a class by using the class keyword followed bya name and a colon. You often proceed by using .__init__() to de-clare which attributes each instance of the class should have. The
.__init__() method has a special meaning in Python classes. Thismethod is known as the object initializer because it defines and setsthe initial values for the object’s attributes:
class Employee:

def __init__(self, name, age):

self.name = name

self.age = age

This code creates an Employee class to represent employees in an orga-nization. But what does all of that mean? And why do you even needclasses in the first place? Take a step back and consider using built-in,primitive data structures as an alternative.
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1.2. How Do You Define a Class in Python?
Primitive data structures, like numbers, strings, and lists, are de-signed to represent straightforward pieces of information, such asthe cost of an apple, the name of a poem, or your favorite colors.What if you want to represent something more complex?
For example, you might want to track employees in an organization.You need to store some basic information about each employee, suchas their name, age, position, and the year they started working.
One way to do this is to represent each employee as a list:
kirk = ["James Kirk", 34, "Captain", 2265]

spock = ["Spock", 35, "Science Officer", 2254]

mccoy = ["Leonard McCoy", "Chief Medical Officer", 2266]

There are a number of issues with this approach.
First, it can make larger code files more difficult to manage. If youreference kirk[0] several lines away from where you declared the kirklist, will you remember that the element with index 0 is the employee’sname?
Second, it can introduce errors if employees don’t have the same num-ber of elements in their respective lists. The age ismissing in the mccoylist above, so mccoy[1] will return "Chief Medical Officer" instead ofDr. McCoy’s age.
A great way to make this type of code more manageable and moremaintainable is to use classes.
Classes vs Instances
Classes allow you to create user-defined data structures. Classes de-fine functions called methods, which identify the behaviors and ac-tions that an object that’s created from the class can perform with itsdata.
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1.2. How Do You Define a Class in Python?
In this chapter, you’ll create a Dog class that stores some informationabout the characteristics and behaviors that an individual dog canhave.
A class is a blueprint for how to define something. It doesn’t actuallycontain any data. The Dog class you’ll create specifies that a name andan age are necessary for defining a dog, but it doesn’t contain the nameor age of any specific dog.
While the class is the blueprint, an instance is an object that’s builtfrom a class and contains real data. An instance of the Dog class is nota blueprint anymore. It represents an actual dog with a name, likeMiles, who’s four years old.
Put another way, a class is like a form or questionnaire. An instanceis like a form that you’ve filled out with information. Just like manypeople can fill out the same form with their own unique information,you can create many instances from a single class.
Class Definition
You start all class definitions with the class keyword, then add thename of the class and a colon. Python will consider any code that youindent below the class definition as part of the class’s body.
Here’s an example of a Dog class defined in a Python file named dog.py:
# dog.py

class Dog:

pass

The body of the Dog class consists of a single statement: the pass key-word. Python programmers often use pass as a placeholder indicatingwhere code will eventually go. It allows you to run this code withoutPython throwing an error.
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1.2. How Do You Define a Class in Python?
Note
Python class names are written in CapitalizedWords notationby convention. This notation is also referred to as PascalCaseor UpperCamelCase. For example, a class for a specific breedof dog, like the Jack Russell Terrier, would be written as
JackRussellTerrier.

The Dog class isn’t very interesting right now, so you’ll spruce it up abit by defining some characteristics that all Dog objects should have.There are several that you can choose from, including name, age, coatcolor, and breed. To keep the example concise, you’ll just use nameand age.
You define the characteristics that all Dog objects must have in amethod called .__init__(). Every time you create a new Dog object,
.__init__() sets the initial state of the object by assigning the valuesof the object’s characteristics. That is, .__init__() initializes each newinstance of the class.
You can give .__init__() any number of parameters, but the firstparameter will always be self. When you create a new class instance,Python automatically passes the instance to the self parameter in
.__init__() so that Python can define the new attributes on theobject.
Update the Dog class with an .__init__()method that creates .name and
.age attributes:
# dog.py

class Dog:

def __init__(self, name, age):

self.name = name

self.age = age

Make sure that you indent the .__init__() method’s signature byfour spaces, which is the default spacing for one indentation level inPython. The body of the method has eight spaces. This indentation
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1.2. How Do You Define a Class in Python?
is important. It tells Python that the .__init__() method belongs tothe Dog class.
In the body of .__init__(), there are two statements using the self vari-able:
1. self.name = name creates an attribute called .name and assigns thevalue of the name parameter to it.
2. self.age = age creates an attribute called .age and assigns the valueof the age parameter to it.

Note
In this book, all attributes are displayedwith a leading dot, suchas .name and .age. In Python code, the dot must be precededby a reference to the object when accessing attributes, such as
self.name or miles.name if miles is the name of a Dog instance.

Attributes created in .__init__() are called instance attributes. Aninstance attribute’s value is specific to a particular instance of the class.All Dog objects have a name and an age, but the values for the .name and
.age attributes will vary depending on the Dog instance.
On the other hand, class attributes are attributes that have the samevalue for all class instances. You can define a class attribute by assign-ing a value to an identifier outside of .__init__().
For example, the following Dog class has a class attribute called
.species with the value "Canis familiaris":
# dog.py

class Dog:

species = "Canis familiaris"

def __init__(self, name, age):

self.name = name

self.age = age

18
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1.3. How Do You Instantiate a Class in Python?
You define class attributes directly beneath the first line of the classname and indent them by one indentation level. You always need toassign them an initial value. When you create an instance of the class,Python automatically creates and assigns class attributes to their ini-tial values.
Use class attributes to define properties that should have the samevalue for every class instance. Use instance attributes for propertiesthat vary from one instance to another.
Now that you have a Dog class, it’s time to create some dogs.

1.3 How Do You Instantiate a Class inPython?
Creating a new object froma class is called instantiating a class. Youcan create a new object by typing the name of the class, followed byopening and closing parentheses.
Creating New Instances
Create the Dog class again in a REPL session, starting from the mostbasic version:
>>> class Dog:

... pass

...

>>> Dog()

<__main__.Dog object at 0x106702d30>

Youfirst create a new Dog classwith no attributes ormethods, and thenyou instantiate the Dog class to create a Dog object.
In the output above, you can see that you now have a new Dog objectat 0x106702d30. This funny-looking series of letters and numbers is amemory address that indicates where Python stores the Dog object
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1.3. How Do You Instantiate a Class in Python?
in your computer’smemory. Note that the address on your screenwillbe different.
Now instantiate the Dog class a second time to create another Dog ob-ject:
>>> Dog()

<__main__.Dog object at 0x0004ccc90>

The new Dog instance is located at a different memory address. That’sbecause it’s an entirely new instance and is completely unique fromthe first Dog object you created.
To see this another way, type the following:
>>> first_dog = Dog()

>>> second_dog = Dog()

>>> first_dog is second_dog

False

In this code, you create two new Dog objects and assign them to thevariables first_dog and second_dog. When you compare them using the
is operator, the result is False. Even though first_dog and second_dogare both instances of the Dog class, they represent two distinct objectsin memory.
Class and Instance Attributes
Now create a new Dog class with a class attribute called .species andtwo instance attributes called .name and .age:
>>> class Dog:

... species = "Canis familiaris"

... def __init__(self, name, age):

... self.name = name

... self.age = age

...

20



1.3. How Do You Instantiate a Class in Python?
To instantiate this Dog class, you need to provide values for name and
age. If you don’t, then Python raises a TypeError:
>>> Dog()

Traceback (most recent call last):

...

TypeError: Dog.__init__() missing 2 required positional arguments:

'name' and 'age'

To pass arguments to the name and age parameters, put values into theparentheses after the class name:
>>> miles = Dog("Miles", 4)

>>> buddy = Dog("Buddy", 9)

This creates two new Dog instances, one for a four-year-old dog namedMiles and one for a nine-year-old dog named Buddy.
The Dog class’s .__init__() method has three parameters, so why areyou only passing two arguments to it in the example?
When you instantiate the Dog class, Python creates a new instance of
Dog and passes it to the first parameter of .__init__(). This takes careof the self parameter, so you only need to worry about the name and
age parameters.

Note
Behind the scenes, Python both creates and initializes a newobject when you use this syntax. You’ll read more about this inthe chapter Creation and Initialization of Objects.

After you create the Dog instances, you can access their instance at-tributes using dot notation:
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1.3. How Do You Instantiate a Class in Python?
>>> miles.name

'Miles'

>>> miles.age

4

>>> buddy.name

'Buddy'

>>> buddy.age

9

Note that the variable names miles and buddy mirror the dogs’ namesstored in .name in this example, but this isn’t necessary. You can useany valid variable name for these objects. You can access class at-tributes in the same way:
>>> buddy.species

'Canis familiaris'

One of the biggest advantages of using classes to organize data is thatinstances are guaranteed to have the attributes you expect. All Doginstances have .species, .name, and .age attributes, so you canuse thoseattributes with confidence, knowing that they’ll always return a value.
Although the attributes are guaranteed to exist, their values canchange dynamically:
>>> buddy.age = 10

>>> buddy.age

10

>>> miles.species = "Felis silvestris"

>>> miles.species

'Felis silvestris'

In this example, you change the .age attribute of the buddy object to 10.Then you change the .species attribute of the miles object to "Felis

silvestris", which is a species of cat. That makes Miles a prettystrange dog, but it’s valid Python.
22



1.4. Understanding the Benefits of Using Classes in Python
The key takeaway here is that custom objects are mutable by default.An object is mutable if you can alter it dynamically. For example, listsand dictionaries are mutable, but strings and tuples are immutable.

1.4 Understanding the Benefits of UsingClasses in Python
Is it worth using classes in Python? Absolutely. Classes are the build-ing blocks of object-oriented programming. They allow you to usePython’s features effectively while writing and organizing your code.By learning about classes, you’ll be able to take advantage of all thebenefits that they provide. You’ll also learn when to use them andwhen you don’t need them.
With classes, you can:
• Model and solve complex real-world problems: You’ll findmany situations where the objects in your code map to real-worldobjects. Classes can help you think about complex problems,which will result in better solutions to your programmingproblems.
• Reuse code and avoid repetition: You can define hierarchiesof related classes. The base classes at the top of a hierarchy providecommon functionality that you can reuse later in the subclassesdown the hierarchy. This allows you to reduce code duplicationand promote code reuse. You’ll read more about inheritance inthe chapter Inheritance and Composition.
• Encapsulate related data and behaviors in a single entity:You can use Python classes to bundle together related attributesand methods in a single entity, the object. This helps you betterorganize your code using modular and autonomous entities thatyou can even reuse across multiple projects.
• Abstract away the implementation details of conceptsand objects: You can use classes to abstract away the imple-mentation details of core concepts and objects. This will help you
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1.5. Conclusion
provide your users with intuitive interfaces to process complexdata and behaviors.

• Enable polymorphism with common interfaces: Youcan implement a particular interface in several slightly differentclasses and use them interchangeably in your code. This willmake your code more flexible and adaptable.
In short, Python classes can help you write more organized, maintain-able, and reusable code. They’re a great tool to have under your belt.

Note
In Python, the interface of a class is the set of public attributes,including data attributes andmethods, that define how externalcode can interact with instances of the class, such as accessingor modifying its data and invoking its behaviors.
You’ll learn more about interfaces throughout this book.

However, don’t be tempted to use classes for everything in Python.In some situations, they can overcomplicate your solutions andthey aren’t always necessary. For data storage without behavior,tools like @dataclass or namedtuple may be more appropriate. You’llexplore these tools later in this book. For programs that don’t involvecomplex structures or reusable components, functions and modulesmight be enough.
Classes are great, but don’t turn them into a one-size-fits-all type oftool. Start your code as simply as possible. If the need for a classappears, then go for it.

1.5 Conclusion
In this chapter, you learned how object-oriented programming is aparadigm that brings data and behavior together in a single unit calledan object. Classes are the blueprint you use to create these objects.
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1.5. Conclusion
You learned how to define a class using the class keyword and how tocreate instances of the class by using parentheses after the class name.
This chapter also introduced attributes that store data in an object.The next chapter covers data attributes in more detail. Chapter 3 willintroduce you to another type of attribute: the method. Methods dealwith the behavior within an object.
With the knowledge you’ve gained in this chapter, you’re ready to con-tinue exploring object-oriented programming.
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Chapter 2
Data Attributes
As you’ve learned in the previous chapter, classes are great when youmust bundle data and behavior together in a single entity. There aretwo types of attributes: data attributes and methods. The data willcome in the form of data attributes, while the behavior will come asmethods. You’ll readmore about methods in the next chapter. In thischapter, you’ll learn how to add, access, and modify data attributes inyour custom classes.

Note
The term attribute technically refers to both data attributes andmethods. Programmers sometimes loosely use the term as ashortcut for data attributes. You can usually infer the meaningfrom the context. This book uses the term data attribute whenit’s important to clarify when something refers only to data at-tributes and not methods.

2.1 Attaching Data to Classes andInstances
In Chapter 1, you created the Dog class, and you added three data at-tributes: .name, .age, and .species. However, you defined the first two
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2.1. Attaching Data to Classes and Instances
attributes differently from the third one. You can start by describingthe two types of data attributes in Python:
1. Class attributes: A variable that you define in the class bodydirectly. Class attributes belong to their containing class. Theirdata is common to the class and all its instances.
2. Instance attributes: A variable that you define inside aninstance method using the self argument and dot notation, likein self.attribute = value. Instance attributes belong to a specificinstance of a given class. Their data is only available to thatinstance and defines its state.
Both types of attributes have their specific use cases. Instance at-tributes are, by far, themost common type of data attribute that you’lluse in your day-to-day coding, but class attributes also come in handy.
Class Attributes
Class attributes are variables that you define directly in the class bodybut outside of any method. These attributes are tied to the class itselfrather than to particular objects of that class.
All the objects that you create from a particular class share the sameclass attributes with the same original values. Because of this reason,changing a class attribute affects all the derived objects.
As an example, say that you want to create a class that keeps an inter-nal count of the instances you create. In this case, you can use a classattribute:
>>> class ObjectCounter:

... num_instances = 0

... def __init__(self):

... ObjectCounter.num_instances += 1

...

>>> ObjectCounter()

<__main__.ObjectCounter object at 0x10392d810>
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2.1. Attaching Data to Classes and Instances
>>> ObjectCounter()

<__main__.ObjectCounter object at 0x1039810d0>

>>> ObjectCounter()

<__main__.ObjectCounter object at 0x10395b750>

>>> ObjectCounter()

<__main__.ObjectCounter object at 0x103959810>

>>> ObjectCounter.num_instances

4

>>> counter = ObjectCounter()

>>> counter.num_instances

5

ObjectCounter keeps a .num_instances class attribute that works as acounter of instances. When Python parses this class, it initializes thecounter to zero. Creating instances of this class means automaticallycalling the .__init__() method and incrementing .num_instances byone.
In the above example, you used the class name to access .num_instancesinside .__init__(). However, using the built-in type() function is bestbecause it’ll make your class more flexible:
>>> class ObjectCounter:

... num_instances = 0

... def __init__(self):

... type(self).num_instances += 1

...

The built-in type() returns the class or type of self, which is
ObjectCounter in this example. This subtle change makes your classmore robust and reliable by avoiding hard-coding the name of theclass that provides the attribute.
You can access class attributes using either the class or one of its in-stances. That’s why you can use the counter object to retrieve the value
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2.1. Attaching Data to Classes and Instances
of .num_instances. However, if you need to modify a class attribute,then you must use the class itself rather than one of its instances.
For example, if you use self to modify .num_instances, then you’ll beoverriding the original class attribute by creating a new instance at-tribute:
>>> class ObjectCounter:

... num_instances = 0

... def __init__(self):

... self.num_instances += 1

...

>>> ObjectCounter()

<__main__.ObjectCounter object at 0x103987550>

>>> ObjectCounter()

<__main__.ObjectCounter object at 0x1039c5890>

>>> ObjectCounter()

<__main__.ObjectCounter object at 0x10396a890>

>>> ObjectCounter()

<__main__.ObjectCounter object at 0x1036fa110>

>>> ObjectCounter.num_instances

0

>>> counter = ObjectCounter()

>>> counter.num_instances

1

You can’t modify class attributes through instances of the con-taining class. Doing that will create new instance attributeswith the same name as the original class attributes. That’s why
ObjectCounter.num_instances returns 0 in this example. You over-rode the class attribute in the .__init__() method. However,
counter.num_instances refers to the instance attribute, which has avalue of 1.
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2.1. Attaching Data to Classes and Instances
Note
It’s curious what Python does in the example above. It uses theinitial value of .num_instances as a class attribute to create a newinstance attribute with the same name and increments it by one.How come? Well, the line self.num_instances += 1 is equivalentto the following assignment:
self.num_instances = self.num_instances + 1

In this statement, the attribute on the left of the equal sign is aninstance attribute, while the attribute on the right side of thesign is a class attribute. Otherwise, the += operator would’veraised an AttributeError.
In general, you should use class attributes for sharing data betweeninstances of a class. Any changes on a class attribute will be visible toall the instances of that class.
Instance Attributes
Instance attributes are variables tied to a particular object of a givenclass. The value of an instance attribute is attached to the object itself.So, the attribute’s value is specific to its containing instance.
Python lets you dynamically attach attributes to existing objects thatyou’ve already created. However, you’remore likely to define instanceattributes inside instance methods, which are those methods thatreceive self as their first argument.
Even though you can define instance attributes inside any instancemethod, it’s best to define all of them in the .__init__()method, whichis the instance initializer. This ensures that all the attributes have con-sistent values when you create a new instance. Additionally, it makesthe code more organized and easier to debug.
Consider the following Car class, which defines several instance at-tributes:
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2.1. Attaching Data to Classes and Instances
class Car:

def __init__(self, make, model, year, color):

self.make = make

self.model = model

self.year = year

self.color = color

self.started = False

self.speed = 0

self.max_speed = 200

In this class, you define a total of seven instance attributes inside
.__init__(). The attributes .make, .model, .year, and .color take valuesfrom the arguments to .__init__(), which are the arguments that youmust pass to the class constructor Car() to create concrete objects.
Then, you explicitly initialize the attributes .started, .speed, and
.max_speed with sensible values that don’t come from the user.

Note
Inside a class, you must access all instance attributes throughthe self argument. This argument holds a reference to the cur-rent instance, which is where the attributes belong and live.The self argument plays a fundamental role in Python classes.You’ll learn more about self in later chapters.

Here’s how your Car class works in practice:
>>> from car import Car

>>> toyota_camry = Car("Toyota", "Camry", 2022, "Red")

>>> toyota_camry.make

'Toyota'

>>> toyota_camry.model

'Camry'

>>> toyota_camry.color

'Red'
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2.1. Attaching Data to Classes and Instances
>>> toyota_camry.speed

0

>>> ford_mustang = Car("Ford", "Mustang", 2022, "Black")

>>> ford_mustang.make

'Ford'

>>> ford_mustang.model

'Mustang'

>>> ford_mustang.year

2022

>>> ford_mustang.max_speed

200

In these examples, you create two different instances of Car. Each in-stance takes specific input arguments at instantiation time to initializesome of its attributes. Note how the values of the associated attributesare different and specific to the concrete instance.
Unlike class attributes, you can’t access instance attributes throughthe class. You need to access them through their containing instance:
>>> Car.make

Traceback (most recent call last):

...

AttributeError: type object 'Car' has no attribute 'make'

Instance attributes are specific to a concrete instance of a given class.So, you can’t access them through the class object. If you try to dothat, you get an AttributeError exception.
The .__dict__ Attribute
In Python, both classes and instances have a special attribute called
.__dict__. This attribute holds a dictionary containing the writablemembers of the underlying class or instance. Remember, these mem-bers can be data attributes or methods. Each key in .__dict__ repre-sents an attribute name. The value associated with a given key repre-sents the value of the corresponding attribute.
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2.1. Attaching Data to Classes and Instances
In a class, .__dict__ will contain class attributes and methods. In aninstance, .__dict__ will hold instance attributes.
When you access a class member through the class object, Python au-tomatically searches for the member’s name in the class .__dict__. Ifthe name isn’t there, then you get an AttributeError.
Similarly, when you access an instancemember through a concrete in-stance of a class, Python looks for the member’s name in the instance
.__dict__. If the name doesn’t appear there, then Python looks in theclass .__dict__. If the name isn’t found, then you get an AttributeError.
Here’s a toy class that illustrates how this mechanism works:
# sample_dict.py

class SampleClass:

class_attr = 100

def __init__(self, instance_attr):

self.instance_attr = instance_attr

def method(self):

print(f"Class attribute: {self.class_attr}")

print(f"Instance attribute: {self.instance_attr}")

In this class, you define a class attribute with a value of 100. In the
.__init__() method, you define an instance attribute that takes itsvalue from the user’s input. Finally, you define a method to printboth attributes.
Now it’s time to check the content of .__dict__ in the class object. Goahead and run the following code:
>>> from sample_dict import SampleClass

>>> SampleClass.class_attr

100
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2.1. Attaching Data to Classes and Instances
>>> SampleClass.__dict__

mappingproxy({

'__module__': '__main__',

'class_attr': 100,

'__init__': <function SampleClass.__init__ at 0x1036c62a0>,

'method': <function SampleClass.method at 0x1036c56c0>,

'__dict__': <attribute '__dict__' of 'SampleClass' objects>,

'__weakref__': <attribute '__weakref__' of 'SampleClass' objects>,

'__doc__': None

})

>>> SampleClass.__dict__["class_attr"]

100

Both the class attribute and the method are in the class .__dict__ dic-tionary. Note how you can use .__dict__ to access the value of classattributes by specifying the attribute’s name in square brackets, in thesame way you usually access keys in a dictionary.
Note
You can access the same dictionary by calling the built-in vars()function and pass your class or instance as an argument.

In instances, the .__dict__ dictionary will contain instance attributesonly:
>>> instance = SampleClass("Hello!")

>>> instance.instance_attr

'Hello!'

>>> instance.method()

Class attribute: 100

Instance attribute: Hello!

>>> instance.__dict__

{'instance_attr': 'Hello!'}
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2.1. Attaching Data to Classes and Instances
>>> instance.__dict__["instance_attr"]

'Hello!'

>>> instance.__dict__["instance_attr"] = "Hello, Pythonista!"

>>> instance.instance_attr

'Hello, Pythonista!'

The instance .__dict__ dictionary in this example holds .instance_attrand its specific value for the object at hand. Again, you can access anyexisting instance attribute using .__dict__ and the attribute name insquare brackets.
Dynamic Class and Instance Attributes
In Python, you can add new attributes to your classes and instancesdynamically. This possibility allows you to attach new data and behav-ior to your classes and objects in response to changing requirementsor contexts. It also allows you to adapt existing classes to specific anddynamic needs.
For example, you can take advantage of this Python feature when youdon’t know the required attributes of a given class at the time whenyou’re defining that class itself.
Consider the following class, which aims to store a row of data from adatabase table or a CSV file:
>>> class Record:

... """Hold a record of data."""

...

In this class, you haven’t defined any attributes or methods becauseyou don’t know what data the class will store. Fortunately, you canadd attributes and even methods to this class dynamically.
For example, say that you’ve read a row of data from an employees.csvfile using csv.DictReader. This class reads the data and returns it in a
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2.1. Attaching Data to Classes and Instances
dictionary-like object. Now suppose that you have the following dic-tionary of data:
>>> john = {

... "name": "John Doe",

... "position": "Python Developer",

... "department": "Engineering",

... "salary": 80000,

... "hire_date": "2020-01-01",

... "is_manager": False,

... }

Next, you want to add this data to an instance of your Record class, andyou need to represent each data field as an instance attribute. Here’show you can do it:
>>> john_record = Record()

>>> for field, value in john.items():

... setattr(john_record, field, value)

...

>>> john_record.name

'John Doe'

>>> john_record.department

'Engineering'

>>> john_record.__dict__

{

'name': 'John Doe',

'position': 'Python Developer',

'department': 'Engineering',

'salary': 80000,

'hire_date': '2020-01-01',

'is_manager': False

}

In this code snippet, you first create an instance of Record called
john_record. Then you run a for loop to iterate over the items of
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2.2. Conclusion
your dictionary of data, john. Inside the loop, you use the built-in
setattr() function to sequentially add each field as an attribute toyour john_record object. If you inspect john_record, then you’ll notethat it stores all the original data as attributes.
You can also use the dot notation and an assignment to add new at-tributes to a class dynamically:
>>> class User:

... pass

...

>>> # Add instance attributes dynamically

>>> jane = User()

>>> jane.name = "Jane Doe"

>>> jane.job = "Data Engineer"

>>> jane.__dict__

{'name': 'Jane Doe', 'job': 'Data Engineer'}

Here, you first create a minimal User class with no custom attributes.You use a pass statement as a placeholder to define the class’s body.
Then you create an object called jane. Note how you can use dot nota-tion and an assignment to add new attributes to the instance. In thisexample, you add .name and .job attributes with appropriate values.
Although you can construct an entire Python class dynamically, youmust use this technique carefully because it can make your code diffi-cult to understand and use.

2.2 Conclusion
You now have a better understanding of the types of attributes usedto store data when using classes and objects. Class attributes belongto the class but can also be accessed by instances, whereas instanceattributes are specific to each object of the class.

37

https://realpython.com/iterate-through-dictionary-python/
https://realpython.com/iterate-through-dictionary-python/


2.2. Conclusion
You’ve also seen how to define and use these attributes, followingbest practices to keep your code clear and maintainable. These toolswill help you structure your objects more effectively and prepare youfor working with behavior-based attributes, like methods, in the nextchapter.
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Chapter 3
Methods
In earlier chapters, you learned that Python classes allow you to bun-dle data and behavior together into a single entity. Data attributes de-fine an object’s state, while methods operate on that state to performspecific actions.
A method is a function defined inside a class, but its placementwithin the class explicitly ties it to the class or its instances. Thisrelationship gives methods their power in object-oriented program-ming. They can take arguments and return values just like regularfunctions, but calling them requires the dot notation, linking them toa specific instance or to the class itself.
Python provides three distinct types of methods in classes:
1. Instance methods for interacting with individual objects
2. Class methods for managing class-wide behavior
3. Static methods for performing tasks unrelated to instance orclass state
Understanding these methods and when to use them will help youwrite clearer, more structured andmaintainable object-oriented code.In this chapter, you’ll learn how to define and use each method typeeffectively.
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3.1. Instance, Class, and Static Methods
3.1 Instance, Class, and Static Methods
Each type of method has a specific purpose and set of access restric-tions. You’ve already used instance methods in previous chapters.You can begin with a basic example that showcases all three types ofmethods before looking at each one in detail:
# demo_class.py

class DemoClass:

def instance_method(self):

return "instance method called", self

@classmethod

def class_method(cls):

return "class method called", cls

@staticmethod

def static_method():

return "static method called"

Here’s a closer look at these three types of methods.
Instance Methods
The first method in DemoClass, descriptively called instance_method(),is a regular instance method. That’s the basic, no-frills method typeyou’ll use most of the time. You can see the method takes one param-eter, self, which points to an instance of DemoClass when the methodis called. However, instance methods can accept more than just oneparameter, as you’ll see later in this chapter.
Through the self parameter, instance methods can freely access at-tributes and other methods on the same object. This gives them a lotof power when it comes to modifying an object’s state.
Not only can they modify object state, but instance methods can alsoaccess the class itself through the self.__class__ attribute. Thismeansinstance methods can also modify class state.
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Class Methods
The second method, DemoClass.class_method(), is marked with a
@classmethod decorator to flag it as a class method.
Instead of accepting a self parameter, classmethods take a cls param-eter that points to the class, not the object instance.

Note
The naming of the parameters self and cls is just a convention.You could just as easily name them the_object and the_class andget the same result. All that matters is that they’re positionedfirst in the parameter list for the method. However, these arewell-established conventions in Python. You should use theseparameter names in classes you define.

Because the class method only has access to this cls argument, it can’tmodify object instance state. That would require access to self. How-ever, class methods can still modify class state that applies across allinstances of the class.
Static Methods
The third method, DemoClass.static_method(), is marked with a
@staticmethod decorator to flag it as a static method.
This type of method takes neither a self nor a cls parameter, but it’sfree to accept an arbitrary number of other parameters.
Therefore, a static method can neither modify object state nor classstate. Static methods are restricted in what data they can access.They’re primarily a way to namespace your methods, since they’resimilar to regular functions but they’re defined within a class.
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3.2. Seeing Them in Action
3.2 Seeing Them in Action
DemoClasswas set up in such a way that eachmethod’s implementationreturns a tuple containing information to help you trace what’s goingon and which parts of the class or object the method can access.
Here’s what happens when you call an instance method. This codeassumes the file defining the class is named demo_class.py:
>>> from demo_class import DemoClass

>>> obj = DemoClass()

>>> obj.instance_method()

('instance method called',

<demo_class.DemoClass object at 0x1049d5f10>)

This confirms that instance_method() has access to the object instance,which is printed as <demo_class.DemoClass object> through the self ar-gument.
When you call themethod, Python replaces the self argumentwith theinstance object, obj. To confirm this point, you can pass the instanceobjectmanually to the class instead of using the dot notation:
>>> DemoClass.instance_method(obj)

('instance method called',

<demo_class.DemoClass object at 0x1049d5f10>)

Instance methods can also access the class itself through the
self.__class__ attribute. This makes instance methods powerful interms of access restrictions. They can modify state on the objectinstance and on the class itself.
Try out the class method next:
>>> obj.class_method()

('class method called', <class 'demo_class.DemoClass'>)

Calling class_method() shows that the method doesn’t have access tothe DemoClass instance. However, it can access the class, as shown by
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3.2. Seeing Them in Action
<class 'demo_class.DemoClass'>, which represents the class itself. Ev-erything in Python is an object, even classes themselves.
Notice how Python automatically passes the class as the first argu-ment to the function when you call DemoClass.class_method(). Calling aclass method in Python through the dot syntax triggers this behavior.The self parameter on instancemethods works in the sameway, sincePython automatically passes the instance as the first argument whenyou call an instance method.
Time to call the static method now:
>>> obj.static_method()

'static method called'

Did you see how you called static_method() on the object andwere ableto do so successfully? Some developers are surprised when they learnthat it’s possible to call a static method on an object instance.
Behind the scenes, Python simply enforces the access restrictions bynot passing in the self or the cls argument when you call a staticmethod using the dot notation.
This confirms that static methods can neither access the object in-stance state nor the class state. They work like regular functions butbelong to the class’s namespace. They also belong to the namespaceof each instance.
Now, look at what happens when you attempt to call these methodson the class itself without creating an object instance beforehand. Youshould start a new REPL session to ensure there’s no instance of theclass in memory:
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3.3. The Pizza Class
>>> from demo_class import DemoClass

>>> DemoClass.class_method()

('class method called', <class 'demo_class.DemoClass'>)

>>> DemoClass.static_method()

'static method called'

>>> DemoClass.instance_method()

Traceback (most recent call last):

...

TypeError: DemoClass.instance_method() missing 1 required

positional argument: 'self'

You’re able to call class_method() and static_method() just fine, but at-tempting to call instance_method() fails with a TypeError.
This is to be expected, since in this case you didn’t create an objectinstance and tried calling an instance function directly on the classblueprint itself. This means there’s no way for Python to populate the
self argument. Therefore, the call fails.

3.3 The Pizza Class
This basic example shows the distinction between these threemethodtypes. However, you’ll now explore this topic with a more realisticexample for when to use these method types.
You can define a bare-bones Pizza class in pizza.py:
# pizza.py

class Pizza:

def __init__(self, ingredients):

self.ingredients = list(ingredients)

def __repr__(self):

return f"Pizza({self.ingredients})"
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3.3. The Pizza Class
The class contains the two specialmethods .__init__() and .__repr__().You already used .__init__() in previous examples in this book, butyou’ll learn more about this special method in later chapters. The
.__repr__() special method provides a string representation for whenyou need to display an object. You’ll also learn about this specialmethod and its close relative .__str__() later in this book.
The class defines a data attribute called .ingredients. You can use anyiterable containing the ingredients when you create an instance of theclass. However, the .__init__() method casts this into a list as theclass definition will assume this attribute is a list.
You can explore this class in a REPL session:
>>> from pizza import Pizza

>>> Pizza(["cheese", "tomatoes"])

Pizza(['cheese', 'tomatoes'])

In the next three sections, you’ll extend this class to include instancemethods, class methods, and a static method.
Note
You’ll define and update the class in a script named pizza.py.However, you’ll explore this class in a REPL session. Each timeyou make changes to the class in pizza.py, you’ll need to reloadthe class. However, you can’t simply repeat the import state-ment in the same environment. Although there are other so-lutions, the simplest option is to start a new REPL session eachtime you make changes to pizza.py.

In the next section, you’ll start by creating instance methods to dealwith fussy customers in a pizza restaurant who want changes to theingredients on their pizza.
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3.4 Modifying Pizza Ingredients WithInstance Methods
The first addition you’ll make to the Pizza class is to add two instancemethods. As you learned earlier, an instance method is a functionthat belongs in a class that has access to a specific instance of the class.Therefore, an instance method can change the data stored in the ob-ject. The parameter name self is used by convention to refer to theinstance within an instance method.
You can add two instance methods called .add_ingredient() and
.remove_ingredient() to the class:
# pizza.py

class Pizza:

def __init__(self, ingredients):

self.ingredients = list(ingredients)

def __repr__(self):

return f"Pizza({self.ingredients})"

def add_ingredient(self, ingredient):

self.ingredients.append(ingredient)

def remove_ingredient(self, ingredient):

if ingredient in self.ingredients:

self.ingredients.remove(ingredient)

You can now call these instance methods to change the state of theobject:
>>> from pizza import Pizza

>>> a_pizza = Pizza(["cheese", "tomatoes"])

>>> a_pizza

Pizza(['cheese', 'tomatoes'])
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>>> a_pizza.add_ingredient("onions")

>>> a_pizza

Pizza(['cheese', 'tomatoes', 'onions'])

>>> a_pizza.remove_ingredient("cheese")

>>> a_pizza

Pizza(['tomatoes', 'onions'])

The data contained within the attribute .ingredients changes whenyou call these instance methods. Therefore, a Pizza object containsthe data about the ingredients and the ability to make changes to thedata. This is the key principle of objects in object-oriented program-ming.

3.5 Delicious Pizza Factories With ClassMethods
Everyone has their favorite pizza variation, so you can create moredelicious pizzas:
>>> Pizza(["mozzarella", "tomatoes"])

Pizza(['mozzarella', 'tomatoes'])

>>> Pizza(["mozzarella", "tomatoes", "ham", "mushrooms"])

Pizza(['mozzarella', 'tomatoes', 'ham', 'mushrooms'])

>>> Pizza(["mozzarella"] * 4)

Pizza(['mozzarella', 'mozzarella', 'mozzarella', 'mozzarella'])

The Italians figured out their pizza taxonomy centuries ago, and sothese delicious types of pizzas all have their own names. You’d dowell to take advantage of that and give the users of your Pizza class abetter interface for creating the pizza objects they crave.
A nice and clean way to do that is by using class methods as factoryfunctions for the different kinds of pizzas you can create:
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3.5. Delicious Pizza Factories With Class Methods
# pizza.py

class Pizza:

def __init__(self, ingredients):

self.ingredients = list(ingredients)

def __repr__(self):

return f"Pizza({self.ingredients})"

# instance methods

# ...

@classmethod

def margherita(cls):

return cls(["mozzarella", "tomatoes"])

@classmethod

def prosciutto(cls):

return cls(["mozzarella", "tomatoes", "ham"])

The code above is truncated for display purposes. You should keepthe instance methods you defined earlier in your code. Note how the
margherita and prosciutto factory methods use the cls argument in-stead of calling the Pizza constructor directly.
This is a trick you can use to follow the Don’t Repeat Yourself (DRY)principle. If you decide to rename this class at some point, you won’thave to remember updating the constructor name in all of the classmethod factory functions.
Now, what can you do with these factory methods? It’s time to trythem out. You need to use a new REPL session since you madechanges to pizza.py:
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3.6. When To Use Static Methods
>>> from pizza import Pizza

>>> Pizza.margherita()

Pizza(['mozzarella', 'tomatoes'])

>>> Pizza.prosciutto()

Pizza(['mozzarella', 'tomatoes', 'ham'])

You can use the factory functions to create new Pizza objects that areconfigured the way you want them. They all use the same .__init__()constructor internally and simply provide a shortcut for rememberingall of the various ingredients.
Since these methods still create an instance of the class, you can alsouse other methods on the instances they create, such as the instancemethod .add_ingredient():
>>> a_pizza = Pizza.prosciutto()

>>> a_pizza

Pizza(['mozzarella', 'tomatoes', 'ham'])

>>> a_pizza.add_ingredient("onions")

>>> a_pizza

Pizza(['mozzarella', 'tomatoes', 'ham', 'onions'])

Another way to look at this use of class methods is that they allow youto define alternative constructors for your classes.
Python only allows one .__init__() method per class. It’s possible toadd asmany alternative constructors as necessary by using classmeth-ods. This can make the interface for your classes self-documentingand simplify their usage.

3.6 When To Use Static Methods
You can stretch the pizza analogy thinner and thinner and add a staticmethod to work out the pizza’s area:
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# pizza.py

import math

class Pizza:

def __init__(self, radius, ingredients):

self.radius = radius

self.ingredients = list(ingredients)

def __repr__(self):

return f"Pizza({self.radius}, {self.ingredients})"

# instance methods and class methods

# ...

def area(self):

return self.circle_area(self.radius)

@staticmethod

def circle_area(r):

return r ** 2 * math.pi

There are a few changes in this code:
• The .__init__() special method has an extra parameter radius,which is used to create an instance attribute .radius.
• The .__repr__() special method uses the new .radius attribute todisplay the pizza’s radius.
• There’s a new static method, .circle_area(), which calculates thearea using the well-known circle area formula.
• There’s also a new .area() instancemethod that returns the pizza’sarea. Instead of calculating the area directly within this method, itcalls the static method .circle_area().

You can try this new version of the Pizza class in a new REPL session:

50



3.6. When To Use Static Methods
>>> from pizza import Pizza

>>> a_pizza = Pizza(4, ["mozzarella", "tomatoes"])

>>> a_pizza

Pizza(4, ['mozzarella', 'tomatoes'])

>>> a_pizza.area()

50.26548245743669

>>> Pizza.circle_area(4)

50.26548245743669

This is a simplistic example, but it helps explain some of the benefitsthat static methods provide.
As you’ve learned, static methods can’t access class or instance statebecause they don’t take a cls or self argument. That’s a big limitation,but it’s also a great signal to show that a particular method is indepen-dent from everything else around it.
In the above example, it’s clear that circle_area() can’t modify theclass or the class instance in any way.
Now, why is that useful?
Flagging a method as a static method is a hint that a method won’tmodify class or instance state. This restriction is also enforced by thePython runtime. They enable you to communicate clearly about partsof your class architecture so that new development work is naturallyguided to happen within these set boundaries.
Of course, it would be possible to defy these restrictions. But in prac-tice, they often help avoid accidental modifications going against theoriginal design.
Put differently, using static methods and class methods are ways tocommunicate developer intent while enforcing that intent enough toavoid most slip-of-the-mind mistakes and bugs that would break thedesign. Applied sparingly and when it makes sense, writing some of
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your methods that way can provide maintenance benefits andmake itless likely that other developers use your classes incorrectly.
Static methods also have benefits when it comes to writing test codesince they’re completely independent from the rest of the class. Youdon’t have to worry about setting up a complete class instance beforeyou can test the static method in a unit test. You can just fire awaylike you would testing a regular function. Again, this makes futuremaintenance easier.

3.7 Conclusion
In this chapter, you explored the three types of methods available inPython classes and how they serve different purposes:
• Instancemethods interact with object-specific data and rely on

self.
• Class methods provide class-wide functionality using cls, oftenserving as alternative constructors.
• Static methods are independent of instance or class state, per-forming general-purpose tasks.

You’ve also seen examples of how these methods are used, frommanipulating object-specific data to creating flexible class-wide tools.Now you can choose the right method type for any scenario and useit effectively in your code.
Methods are at the core of object-oriented programming in Python,giving your classes the ability to perform meaningful actions. In thenext chapter, you’ll learn about special methods, which let you cus-tomize how your objects behave and interact with Python’s built-infunctionality. These methods will open the door to creating morePythonic and intuitive classes.
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Chapter 4
Special Methods
You’ve encountered methods that add functionality to objects in theprevious chapter. However, Python also provides special methods,a unique category of methods that allow you to integrate your classesseamlessly into Python’s language features.
Special methods have special meanings. They define how your ob-jects interact with core Python operations. Whether you’re creatingobjects, adding two numbers, comparing values, or iterating throughdata, Python often relies on special methods under the hood. Under-standing these methods gives you the tools to customize your classesand use Python’s data model to its fullest extent.
A special method’s name starts and ends with a double underscore.For this reason, they’re often informally called dunder methods,where dunder is a shortened version of double underscores.
In this chapter, you’ll explore how to use special methods to makeyour classes more Pythonic. From customizing object representa-tions to overloading operators, supporting iteration, and definingcustom sequences or mappings, you’ll learn practical techniques toenhance your OOP skills and create classes that integrate naturallyinto Python’s ecosystem.
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4.1 Getting to Know Python’s SpecialMethods
Here’s how the Python documentation defines the term special meth-ods:

A method that is called implicitly by Python to execute acertain operation on a type, such as addition. Suchmeth-ods have names starting and ending with double under-scores.
There’s an important detail to highlight in this definition. Pythonimplicitly calls special methods to execute certain operations in yourcode. For example, when you run the addition 5 + 2, Python internallyruns the following code under the hood:
>>> (5).__add__(2)

7

The .__add__() special method in the integer class supports the addi-tion that you typically run as 5 + 2.
Even though you can directly call special methods, they’re notintended for direct use. You shouldn’t call them directly in your code.Instead, you should rely on Python to call them automatically inresponse to a given operation.
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4.1. Getting to Know Python’s Special Methods
Note
Special methods are sometimes also called magic methods.However, there’s nothing magical about them. The onlyapparent magic around these methods is that Python callsthem implicitly under the hood. As with all magic, once youknow how the trick works, it’s no longer mysterious. Theofficial documentation refers to them as special methods, andthe informal name dunder methods is also commonly used.It’s best to stick to these two terms when referring to thesemethods.

Special methods exist for many purposes. All the available specialmethods support built-in features and play specific roles in the lan-guage. For example, built-in types such as lists, strings, and dictionar-ies implement most of their core functionality using special methods.In your custom classes, you can use special methods to make callableobjects, define how objects are compared, tweak how you create ob-jects, and more.
Note that because special methods have special meaning in Python,you should avoid naming custom methods using leading and trailingdouble underscores. Your custom method won’t trigger any Pythonaction if its namedoesn’tmatch any official specialmethodnames, butit’ll certainly confuse other programmers. New dunder names mayalso be introduced in future Python versions.
Special methods are core to Python’s data model and are a fundamen-tal part of object-oriented programming in Python. The most com-mon special method is one you’ve already used: .__init__(). Thisdunder method is called when you create a new instance of a class.You’ll learnmore about this special method in the next chapter, whichfocuses on object creation and initialization. In this chapter, you’lllearn about some of the other most commonly used special methods.They’ll help you write better object-oriented code in your day-to-dayprogramming.
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4.2. Representing Objects as Strings
4.2 Representing Objects as Strings
A common task that you’ll perform in your Python code is to displaydata or produce output. In some cases, your programs may need todisplay useful information to the user. In other cases, you may needto show information to other programmers using your code.
These two types of output can be pretty different because their respec-tive target audiences will have different needs. The information forthe user may not need to highlight implementation details. It mayjust need to be user-friendly and clear.
In contrast, the information for an audience of programmers mayneed to be technically sound, providing details of your code’simplementation.
Python has you covered in both scenarios. If youwant to provide user-friendly output, then you can use the .__str__() dunder method. Onthe other hand, when you need to provide developer-friendly output,then you can use the .__repr__() method. These special methods sup-port two different string representations for Python objects.
Along with .__init__(), the .__str__() and .__repr__() methods are ar-guably the most common special methods in custom classes. In thefollowing sections, you’ll learn about these two useful methods.
Using .__repr__() and .__str__() in a Class
You can explore string representation with user-defined classes bydefining a class named Book. You can use a script named book.py todefine this class:
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4.2. Representing Objects as Strings
# book.py

class Book:

def __init__(self, title, author):

self.title = title

self.author = author

odyssey = Book("The Odyssey", "Homer")

print(odyssey)

You define the class Book with an .__init__() method. There are tworequired arguments when initializing the class, title and author.
You create an instance of this class with the title and author of thebook The Odyssey, and you pass odyssey to the print() function. Youuse print() because when you evaluate a line that only contains thevariable name in a script, no output is printed. When you run thisscript, you get the following output:
$ python book.py

<__main__.Book object at 0x1025c4ed0>

This output is the default string representation of an object that’s in-herited from the object class. The object class is the base class for allPython classes. It shows:
• __main__.Book: The name of the class and where it’s defined
• 0x1025c4ed0: The memory address of the object

This default representation tells you the name of the class and thememory address, which is shown as a hexadecimal value. In CPython,the memory address is the same as the object’s identity. You can findan object’s identity using the built-in function id(), which returns aninteger rather than a hex value.
However, the memory address is rarely useful. This default repre-sentation doesn’t provide any additional information about the objectthat would be useful for the user or the programmer.
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4.2. Representing Objects as Strings
You can use the built-in functions repr() and str() to view the twostring representations. However, in this case, they both return thesame default string representation by default:
# book.py

class Book:

def __init__(self, title, author):

self.title = title

self.author = author

odyssey = Book("The Odyssey", "Homer")

print(repr(odyssey))

print(str(odyssey))

You call repr(odyssey) and str(odyssey) and print out the values theyreturn. The output shows the same default representation for both:
$ python book.py

<__main__.Book object at 0x100d046d0>

<__main__.Book object at 0x100d046d0>

This output confirms that only the default representation is availableat the moment.
You can define the .__repr__() special method for this class:
# book.py

class Book:

def __init__(self, title, author):

self.title = title

self.author = author

def __repr__(self):

class_name = type(self).__name__

return (

f"{class_name}("
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f"title={self.title!r}, "

f"author={self.author!r})"

)

odyssey = Book("The Odyssey", "Homer")

print(repr(odyssey))

print(str(odyssey))

The .__repr__()method has no additional parameters other than self.This specialmethod, likemost specialmethods, is an instancemethod.Also, it must always return a string. Note that although you can hard-code the name of the class in the returned string, it’s best to obtainthis dynamically, such as by using type(self).__name__, to make theclass more robust and future-compatible.
The f-string includes the !r conversion flag, which ensures that Pythonuses the .__repr__() representation for the objects within the curlybraces.
The output from this code shows that both repr(odyssey) and
str(odyssey) return the string representation that you just defined:
$ python book.py

Book(title='The Odyssey', author='Homer')

Book(title='The Odyssey', author='Homer')

The repr() built-in function calls the object’s .__repr__() method. Ifa class doesn’t have a .__str__() method defined, then str() will alsodefault to the object’s .__repr__() method.
You define the return value for .__repr__() to include the name of theclass followed by parentheses (()) and the two arguments required toinitialize the class. This format is ideal for the official string represen-tation since it represents a valid Python expression that can re-createan object equal to the original one. Whenever possible, you shoulduse this format for the official string representation.
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When to Use .__repr__() vs .__str__()

Next, you can define the .__str__() method for the class:
# book.py

class Book:

def __init__(self, title, author):

self.title = title

self.author = author

def __repr__(self):

class_name = type(self).__name__

return (

f"{class_name}("

f"title={self.title!r}, "

f"author={self.author!r})"

)

def __str__(self):

return self.title

odyssey = Book("The Odyssey", "Homer")

print(repr(odyssey))

print(str(odyssey))

You define the .__str__() special method, which shouldn’t have anyadditional parameters other than self and should return a string. Thestring representation can be any string that you feel would be mostbeneficial for the program’s user. The output from this version of thecode shows both the official and informal string representations, inthat order:
$ python book.py

Book(title='The Odyssey', author='Homer')

The Odyssey
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The informal string representation returned by .__str__() only showsthe book’s title and doesn’t have a reference to the class name. Youcan customize the informal string representation to suit your needs:
# book.py

class Book:

def __init__(self, title, author):

self.title = title

self.author = author

def __repr__(self):

class_name = type(self).__name__

return (

f"{class_name}("

f"title={self.title!r}, "

f"author={self.author!r})"

)

def __str__(self):

return f'"{self.title}" by {self.author}'

odyssey = Book("The Odyssey", "Homer")

print(repr(odyssey))

print(str(odyssey))

The string returned by .__str__() now has the book’s title in quota-tion marks followed by the author’s name. Note that if you want touse double quotation marks within a string, you can use single quota-tion marks to denote the string. The output from this code shows theofficial representation first, followed by the modified informal stringrepresentation:
$ python book.py

Book(title='The Odyssey', author='Homer')

"The Odyssey" by Homer
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The official string representation includes all the details needed by aprogrammer, and it allows you to replicate the object to explore it fur-ther. This has a couple of major benefits:
• It makes the program moremaintainable.
• It facilitates debugging.

You can use the expression in this string representation to create anobject with the same values as the original one. This feature is usefulduring debugging as you or a fellow programmer replicates an objectto explore it further.
However, the informal string representation has a friendlier formatthat’s better suited for a program’s user. This representation makesthe output more readable for a user.
Take extra precautionswhen implementing these two specialmethodsto ensure that sensitive information, such as user passwords, doesn’tget exposed in any way. It’s best to skip such attributes or at leastanonymize them before returning the corresponding string.
When you define a class, it’s a best practice to include the official stringrepresentation by defining .__repr__(). By including this method, youavoid the default representation, which isn’t very useful in most cases.This method will also provide a fallback option for the informal stringrepresentation, which comes in handywhen you can use the same rep-resentation for both use cases.
If you need to display the object to a user, then you can also define
.__str__(). This method will provide an output that’s easier for theuser to understand.
If you’re using Python’s data classes, which you’ll learn about later inthis book, a default official string representation is already included.You don’t need to define .__repr__() yourself unless you want to over-ride the default format.
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4.3. Supporting Operators in Custom Classes
You’re now ready to include string representations in any class thatyou define.

4.3 Supporting Operators in CustomClasses
Python has multiple types of operators, which are special symbols,combinations of symbols, or keywords that designate some type ofcomputation. Internally, Python supports operators with specialmethods. For example, the .__add__() special method supports theplus operator (+) as you already saw.
In the following sections, you’ll learn about the specific special meth-ods that support Python operators, including arithmetic, comparison,membership, and augmented operators. To kick things off, you’ll startwith arithmetic operators, which are arguably the most commonlyused operators.
Arithmetic Operators
Arithmetic operators are those that you use to perform arithmetic op-erations on numeric values. Inmost cases, they come frommath, andtherefore, Python represents them with the usual math signs.
In the following table, you’ll find a list of the arithmetic operators inPython and their supporting special methods:

Operator Supporting Method
+ .__add__(self, other)

- .__sub__(self, other)

* .__mul__(self, other)

/ .__truediv__(self, other)

// .__floordiv__(self, other)

% .__mod__(self, other)

** .__pow__(self, other[, modulo])
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4.3. Supporting Operators in Custom Classes
Note that all these methods take a second argument, which is called
other by convention. In most cases, this argument should be the sametype as self or a compatible type. If that’s not the case, then you canget an error.
To illustrate how you can overload some of these operators, create a
Distance class to deal with distances using different units. You canname the script distance.py:
# distance.py

class Distance:

_multiples = {

"mm": 0.001,

"cm": 0.01,

"m": 1,

"km": 1_000,

}

def __init__(self, value, unit="m"):

self.value = value

self.unit = unit.lower()

In Distance, you have a class attribute called ._multiples. This attributecontains a dictionary of length units and their corresponding conver-sion factors. The leading underscore in ._multiples is a Python con-vention that indicates that this attribute is not meant for access by auser of the class but is only used within the class definition.
In the .__init__() method, you initialize the .value and .unit at-tributes according to the user’s definition. Note that you’ve used the
str.lower() method to enforce the use of lowercase letters within theclass.
Try to create two distances and add them in a REPL session:
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>>> from distance import Distance

>>> distance_1 = Distance(200, "m")

>>> distance_2 = Distance(1, "km")

>>> total = distance_1 + distance_2

Traceback (most recent call last):

...

TypeError: unsupported operand type(s) for +:

'Distance' and 'Distance'

Python doesn’t know how to add two instances of the Distance class.When you use the + operator, the program looks for the .__add__() dun-der method in Distance but doesn’t find it. It raises a TypeError statingthat the operand is not supported.
You can include this special method and a few more methods to com-plete this class:
# distance.py

class Distance:

_multiples = {

"mm": 0.001,

"cm": 0.01,

"m": 1,

"km": 1_000,

}

def __init__(self, value, unit="m"):

self.value = value

self.unit = unit.lower()

def to_meter(self):

return self.value * type(self)._multiples[self.unit]

def __add__(self, other):

return self._compute(other, "+")
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def __sub__(self, other):

return self._compute(other, "-")

def _compute(self, other, operator):

expr = f"{self.to_meter()} {operator} {other.to_meter()}"

operation = eval(expr)

cls = type(self)

return cls(operation / cls._multiples[self.unit], self.unit)

You define .to_meter(), and you use ._multiples to express the currentdistance inmeters. You’ll use thismethod as a helper in the .__add__()and .__sub__() methods. This way, your class will be able to add orsubtract distances of different units correctly.
The .__add__() and .__sub__() methods support the addition and sub-traction operators. As with all the special methods associated witharithmetic operators, they also include a second parameter named
other. In both methods, you use the ._compute() helper method to runthe computation. Note that ._compute() also has a leading underscorein its name, showing it’s only meant to be used within the class defi-nition.
In ._compute(), you take other and operator as arguments. Then, youuse the built-in eval() function to evaluate the expression and obtainthe intended result for the current operation. Next, you get the classname using the built-in type() function. Finally, you create and returnan instance of Distance with the computed value converted into theunit of the current instance.
The built-in eval() function implies some security risks since a usercan input anything and your code will execute it. It’s fine to use eval()in an example such as this, but normally you should avoid it if yourcode has untrusted inputs.
You can try out your Distance class again in a new REPL session:
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>>> from distance import Distance

>>> distance_1 = Distance(200, "m")

>>> distance_2 = Distance(1, "km")

>>> total = distance_1 + distance_2

>>> total.value

1200.0

>>> total.unit

'm'

>>> displacement = distance_2 - distance_1

>>> displacement.value

0.8

>>> displacement.unit

'km'

Your class works as expected. It supports the addition and subtrac-tion operators since it includes the .__add__() and .__sub__() specialmethods.
More on Arithmetic Operators
The special methods that support operators are affected by the rela-tive position of each object in the containing expression. That’s why
displacement in the above section is in kilometers, while total is in me-ters.
Take .__add__(), for example. Python calls this method on the left-hand operand. It’s possible to have operands of different data typeswhen using operators. If the left-hand operand doesn’t implement themethod, then the operation will fail. If this operand implements themethod, but its implementation doesn’t behave as you want with theright-hand operand, then you can face issues. Thankfully, Python hasthe right-hand version of operator methods, such as .__radd__(), totackle these issues. The other arithmetic operators also have specialmethods with an extra leading r in their name. Here’s how these work.
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For example, say that you want to write a Number class that supportsaddition between its object and integer or floating-point numbers. Inthat situation, you can do something like the following:
# number.py

class Number:

def __init__(self, value):

self.value = value

def __add__(self, other):

print("__add__ called")

if isinstance(other, Number):

return Number(self.value + other.value)

elif isinstance(other, int | float):

return Number(self.value + other)

else:

raise TypeError("unsupported operand type for +")

def __radd__(self, other):

print("__radd__ called")

return self.__add__(other)

The .__add__()methodworkswhen youuse an instance of Number as theleft-hand operator in an addition expression. In contrast, .__radd__()works when you use an instance of Number as the right-hand operand.Note that the r at the beginning of themethod’s name stands for right.
Here’s how your Number class works:
>>> from number import Number

>>> five = Number(5)

>>> ten = Number(10)

>>> fifteen = five + ten

__add__ called

>>> fifteen.value

15
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>>> six = five + 1

__add__ called

>>> six.value

6

>>> twelve = 2 + ten

__radd__ called

__add__ called

>>> twelve.value

12

In this code snippet, you create two instances of Number. Then you usethem in an addition where Python calls .__add__() as expected. Nextup, you use five as the left-hand operator in an expression that mixesyour class with the int type. In this case, Python calls Number.__add__()again.
Finally, you use ten as the right-hand operand in an addition. Theleft-hand operand is an integer, but the .__add__() special method inthe integer class doesn’t support adding an instance of your Numberclass. Therefore, Python implicitly calls Number.__radd__() instead,which falls back to calling Number.__add__().
Here’s a summary of the .__r*__() methods:

Operator Right-Hand Method
+ .__radd__(self, other)

- .__rsub__(self, other)

* .__rmul__(self, other)

/ .__rtruediv__(self, other)

// .__rfloordiv__(self, other)

% .__rmod__(self, other)

** .__rpow__(self, other[, modulo])
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4.3. Supporting Operators in Custom Classes
Python calls these methods on a right-hand operand when the left-hand operand doesn’t support the corresponding operation and theoperands are of different types.
Python also has some unary operators. They’re called unary becausethey operate on a single operand:
Operator Supporting Method Description

- .__neg__(self) Returns the target value withthe opposite sign
+ .__pos__(self) Provides a complement to thenegation without performingany transformation

You can also overload these operators in Python’s built-in numerictypes and support them in your own classes.
Comparison Operator Methods
You’ll also find that specialmethods are behind comparison operators.For example, when you execute 5 < 2, Python calls the .__lt__() spe-cial method. The letters in the special method name stand for lessthan. Here’s a summary of all the comparison operators and theirsupporting methods:

Operator Supporting Method
< .__lt__(self, other)

<= .__le__(self, other)

== .__eq__(self, other)

!= .__ne__(self, other)

>= .__ge__(self, other)

> .__gt__(self, other)
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4.3. Supporting Operators in Custom Classes
To show how you can use some of these methods in your customclasses, say that you’re writing a Rectangle class to create multipledifferent rectangles. You want to be able to compare these rectangles.
Here’s a Rectangle class that supports the equality (==), less than (<),and greater than (>) operators:
# rectangle.py

class Rectangle:

def __init__(self, height, width):

self.height = height

self.width = width

def area(self):

return self.height * self.width

def __eq__(self, other):

return self.area() == other.area()

def __lt__(self, other):

return self.area() < other.area()

def __gt__(self, other):

return self.area() > other.area()

Your class has an .area() method that computes the rectangle’s areausing its height and width. Then you have the three required specialmethods to support the intended comparison operators. Note that allof them use the rectangle’s area to determine the final result.
Here’s how your class works in practice:
>>> from rectangle import Rectangle

>>> basketball_court = Rectangle(15, 28)

>>> soccer_field = Rectangle(75, 110)

>>> basketball_court < soccer_field

True
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>>> basketball_court > soccer_field

False

>>> basketball_court == soccer_field

False

That’s great! Your Rectangle class now supports equality (==), less than(<), and greater than (>) operations. As an exercise, you can go aheadand implement the rest of the operators using the appropriate specialmethod.
Membership Operators
Python has two operators that allow you to determinewhether a givenvalue is in a collection of values. The operators are in and not in. Theysupport a check that’s known as a membership test.
For example, say that you want to determine whether a number ap-pears in a list of numbers. You can use the in operator:
>>> 2 in [2, 3, 5, 9, 7]

True

>>> 10 in [2, 3, 5, 9, 7]

False

In the first example, the number 2 is in the list of numbers, so you get
True as a result. In the second example, the number 10 is not in thelist, and you get False. The not in operator works similarly to in butas a negation. With this operator, you find out if a given value is notin a collection.
The special method that supports the membership operators in and
not in is .__contains__(). By implementing this method in a customclass, you can control how its instances will behave in a membershiptest.
The .__contains__() method must take an argument that representsthe value that you want to check for.

72

https://realpython.com/python-in-operator/
https://docs.python.org/3/reference/expressions.html#membership-test-operations
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To illustrate how to support membership tests in a custom class, saythat you want to implement a basic stack data structure that supportsthe push and pop operations as well as the in and not in operators.
Here’s the code for your Stack class:
# stack.py

class Stack:

def __init__(self, items=None):

self.items = list(items) if items is not None else []

def push(self, item):

self.items.append(item)

def pop(self):

return self.items.pop()

def __contains__(self, item):

for current_item in self.items:

if item == current_item:

return True

return False

In this example, you define Stack and provide the .push() and .pop()methods. The former method appends a new item to the top of thestack, while the latter removes and returns the item at the top of thestack.
Then, you implement the .__contains__()method, which takes the tar-get item as an argument and uses a for loop to determine whether theitem is in the list that stores the stack’s data.
You can make the above implementation of .__contains__()more con-cise by taking advantage of the in operator itself. That’s possible be-cause Python lists support membership tests by default.
For example, you can update .__contains__() as follows:
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# stack.py

class Stack:

# ...

def __contains__(self, item):

return item in self.items

In this version of .__contains__(), you use the in operator instead of a
for loop. You’re directly checking for membership without explicitlyiterating over the data.
Here’s how you can use an instance of Stack in a membership test:
>>> from stack import Stack

>>> stack = Stack([2, 3, 5, 9, 7])

>>> 2 in stack

True

>>> 10 in stack

False

>>> 2 not in stack

False

>>> 10 not in stack

True

By implementing the .__contains__() method in your custom classes,you can customize how objects of those classes respond to member-ship checks using the in and not in operators.
Augmented Assignments
When it comes to arithmetic operations, you’ll find a common expres-sion that uses the current value of a variable to update the variableitself. A classic example of this operation is when you need to updatea counter or an accumulator:
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>>> counter = 0

>>> counter = counter + 1

>>> counter = counter + 1

>>> counter

2

The second and third lines in this code snippet update the counter’svalue using the previous value. This type of operation is so common inprogramming that Pythonhas a shortcut for it, knownasaugmentedassignment operators.
For example, you can shorten the above code using the augmentedassignment operator for addition:
>>> counter = 0

>>> counter += 1

>>> counter += 1

>>> counter

2

This code looks more concise and it’s more Pythonic. This operator(+=) isn’t the only one that Python supports. Here’s a summary of thesupported operators and the special methods used to define them:
Operator Supporting Method

+= .__iadd__(self, other)

-= .__isub__(self, other)

*= .__imul__(self, other)

/= .__itruediv__(self, other)

//= .__ifloordiv__(self, other)

%= .__imod__(self, other)

**= .__ipow__(self, other[, modulo])

When you use these methods in your custom classes, you should at-tempt to do the underlying operation in place, which is possible whenyou’reworkingwithmutable types. If the data type is immutable, then
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This is a sample from “Modern Object-OrientedPython: Write Clean, Pythonic Code with OOP”
Object-orientedprogramming (OOP) is one of themost powerful toolsin Python, but knowing how to use it well is what separates clean,maintainable code from a tangled mess.
This book takes you from the core building blocks of OOP all the wayto the design principles that professionals rely on to keep large code-bases healthy. At the end of the book you’ll be able to:
• Model real-world entities with classes, data attributes, and meth-ods, and customize object behavior with Python’s special methods
• Reuse and organize code with inheritance and composition, man-age attribute access cleanly with properties, and cut boilerplate us-ing data classes
• Apply the SOLID principles to design robust, maintainable object-oriented code that’s a pleasure to read, extend, and maintain

If you enjoyed the sample chapters you can purchase a fullversion of the book at realpython.com/modern-oop

https://realpython.com/modern-oop

