


Python Tricks: The Book
Dan Bader



For online information and ordering of this and other books by DanBader, please visit realpython.com. Formore information, please con-tact Dan Bader at info@realpython.com.
Copyright © Dan Bader (realpython.com), 2016–2019
ISBN: 9781775093305 (paperback)
ISBN: 9781775093312 (electronic)
Cover design by Anja Pircher Design (anjapircher.com)
“Python” and the Python logos are trademarks or registered trade-marks of the Python Software Foundation, used by Dan Bader withpermission from the Foundation.
Thank you for downloading this ebook. This ebook is licensed for yourpersonal enjoyment only. This ebookmaynot be re-sold or given awayto other people. If you would like to share this book with another per-son, please purchase an additional copy for each recipient. If you’rereading this book and did not purchase it, or it was not purchasedfor your use only, thenplease return to realpython.com/pytricks-bookand purchase your own copy. Thank you for respecting the hard workbehind this book.
Updated 2019-09-16 Iwould like to thankMichaelHowitz, JohnathanWillitts, Julian Orbach, Johnny Giorgis, Bob White, Daniel Meyer,Michael Stueben, Smital Desai, Andreas Kreisig, David Perkins, JayPrakash Singh, BenFelder, Steve Schmerler,MalcolmTelfer, andBox-iang Sun for their excellent feedback.

https://realpython.com/
https://realpython.com/
http://anjapircher.com
https://realpython.com/pytricks-book


What Pythonistas Say About Python Tricks: The Book

“I love, love, love the book. It’s like having a seasoned tutor explain-ing, well, tricks! I’m learning Python on the job and I’m coming fromPowershell, which I learned on the job—so lots of new, great stuо.Whenever I get stuck in Python (usually with Flask blueprints or I feellike my code could be more Pythonic) I post questions in our internalPython chat room.
I’m often amazed at some of the answers co-workers give me. Dictcomprehensions, lambdas, and generators often pepper their feed-back. I am always impressed and yet рabbergasted at how powerfulPython is when you know these tricks and can implement themcorrectly.
Your bookwas exactlywhat Iwanted to help getme fromabewilderedPowershell scripter to someonewho knows how andwhen to use thesePythonic ‘tricks’ everyone has been talking about.
As someone who doesn’t have my degree in CS it’s nice to have the textto explain things that others might have learned when they were clas-sically educated. I am really enjoying the book and am subscribed tothe emails as well, which is how I found out about the book.”
—Daniel Meyer, Sr. Desktop Administrator at Tesla Inc.



“I пrst heard about your book from a co-worker who wanted totrick me with your example of how dictionaries are built. I wasalmost 100% sure about the reason why the end product was a muchsmaller/simpler dictionary but I must confess that I did not expectthe outcome :)
He showed me the book via video conferencing and I sort of skimmedthrough it as he рipped the pages for me, and I was immediately curi-ous to read more.
That same afternoon I purchasedmy own copy and proceeded to readyour explanation for the way dictionaries are created in Python andlater that day, as Imet a diоerent co-worker for coоee, I used the sametrick on him :)
He then sprungadiоerent question on the sameprinciple, and becauseof the way you explained things in your book, I was able to not simplyguess the result but to correctly answer what the outcome would be.That means that you did a great job at explaining things :)
I am not new in Python and some of the concepts in some of the chap-ters are not new to me, but I must say that I do get something out ofevery chapter so far, so kudos for writing a very nice book and fordoing a fantastic job at explaining concepts behind the tricks! I willcertainly let my friends and co-workers know about your book.”
—OgMaciel, Python Developer at Red Hat



“I really enjoyed reading Dan’s book. He explains important Pythonaspects with clear examples (using two twin cats to explain is vs ==for example).
It is not just code samples, it discusses relevant implementation detailscomprehensibly. What really matters though is that this book makesyou write better Python code!
The book is actually responsible for recent new good Python habits Ipicked up, for example: using custom exceptions and ABC’s (I foundDan’s blog searching for abstract classes.) These new learnings aloneare worth the price.”
— Bob Belderbos, Engineer at Oracle & Co-Founder of PyBites
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Foreword
It’s been almost ten years since I first got acquainted with Python as aprogramming language. When I first learned Python many years ago,it was with a little reluctance. I had been programming in a differentlanguage before, and all of the sudden at work, I was assigned to adifferent team where everyone used Python. That was the beginningof my own Python journey.
When I was first introduced to Python, I was told that it was going tobe easy, that I should be able to pick it up quickly. When I asked mycolleagues for resources for learning Python, all they gave me was alink to Python’s official documentation. Reading the documentationwas confusing at first, and it really took me a while before I even feltcomfortable navigating through it. Often I found myself needing tolook for answers in StackOverflow.
Coming from a different programming language, I wasn’t looking forjust any resource for learning how to program or what classes andobjects are. I was looking for specific resources that would teach methe features of Python, what sets it apart, and how writing in Pythonis different than writing code in another language.
It really has takenmemany years to fully appreciate this language. AsI read Dan’s book, I kept thinking that I wished I had access to a booklike this when I started learning Python many years ago.
For example, one of the many unique Python features that surprisedme at first were list comprehensions. As Dan mentions in the book,a tell of someone who just came to Python from a different language
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Contents
is the way they use for-loops. I recall one of the earliest code reviewcomments I got when I started programming in Python was, “Whynot use list comprehension here?” Dan explains this concept clearlyin section 6, starting by showing how to loop the Pythonic way andbuilding it all the way up to iterators and generators.
In chapter 2.5, Dan discusses the different ways to do string format-ting in Python. String formatting is one of those things that defy theZen of Python, that there should only be one obvious way to do things.Dan shows us the different ways, including my favorite new additionto the language, the f-strings, and he also explains the pros and consof each method.
The Pythonic Productivity Techniques section is another great re-source. It covers aspects beyond the Python programming language,and also includes tips on how to debug your programs, how tomanagethe dependencies, and gives you a peek inside Python bytecode.
It truly is an honor and my pleasure to introduce this book, PythonTricks, by my friend, Dan Bader.
By contributing to Python as a CPython core developer, I get con-nected to many members of the community. In my journey, I foundmentors, allies, and made many new friends. They remind me thatPython is not just about the code, Python is a community.
Mastering Python programming isn’t just about grasping the theoreti-cal aspects of the language. It’s just asmuch about understanding andadopting the conventions and best practices used by its community.
Dan’s book will help you on this journey. I’m convinced that you’ll bemore confident when writing Python programs after reading it.
—Mariatta Wijaya, Python Core Developer (mariatta.ca)
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Chapter 1
Introduction
1.1 What’s a Python Trick?

Python Trick: A short Python code snippet meant as ateaching tool. A Python Trick either teaches an aspect ofPython with a simple illustration, or it serves as a moti-vating example, enabling you to dig deeper and developan intuitive understanding.

Python Tricks started out as a short series of code screenshots that Ishared on Twitter for a week. To my surprise, they got rave responsesand were shared and retweeted for days on end.
More and more developers started asking me for a way to “get thewhole series.” Actually, I only had a few of these tricks lined up, span-ning a variety of Python-related topics. There wasn’t a master planbehind them. They were just a fun little Twitter experiment.
But from these inquiries I got the sense that my short-and-sweet codeexampleswould beworth exploring as a teaching tool. Eventually I setout to create a few more Python Tricks and shared them in an emailseries. Within a few days, several hundred Python developers hadsigned up and I was just blown away by that response.
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1.1. What’s a Python Trick?
Over the following days and weeks, a steady stream of Python devel-opers reached out to me. They thanked me for making a part of thelanguage they were struggling to understand click for them. Hearingthis feedback felt awesome. I thought these Python Tricks were justcode screenshots, but so many developers were getting a lot of valueout of them.
That’s when I decided to double down on my Python Tricks experi-ment and expanded it into a series of around 30 emails. Each of thesewas still just a a headline and a code screenshot, and I soon realizedthe limits of that format. Around this time, a blind Python developeremailed me, disappointed to find that these Python Tricks were deliv-ered as images he couldn’t read with his screen reader.
Clearly, I needed to invest more time into this project to make itmore appealing and more accessible to a wider audience. So, I satdown to re-create the whole series of Python Tricks emails in plaintext and with proper HTML-based syntax highlighting. That newiteration of Python Tricks chugged along nicely for a while. Based onthe responses I got, developers seemed happy they could finally copyand paste the code samples in order to play around with them.
As more and more developers signed up for the email series, I startednoticing a pattern in the replies and questions I received. Some Tricksworked well as motivational examples by themselves. However, forthe more complex ones there was no narrator to guide readers or togive them additional resources to develop a deeper understanding.
Let’s just say this was another big area of improvement. My missionstatement for realpython.com is to help Python developers becomemore awesome—and this was clearly an opportunity to get closer tothat goal.
I decided to take the best and most valuable Python Tricks from theemail course, and I started writing a new kind of Python book aroundthem:
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1.2. What This Book Will Do for You
• A book that teaches the coolest aspects of the language with shortand easy-to-digest examples.
• A book that works like a buffet of awesome Python features (yum!)and keeps motivation levels high.
• A book that takes you by the hand to guide you and help youdeepen your understanding of Python.

This book is really a labor of love for me and also a huge experiment. Ihope you’ll enjoy reading it and learn something about Python in theprocess!
— Dan Bader

1.2 What This BookWill Do for You
My goal for this book is to make you a better—more effective, moreknowledgeable, more practical—Python developer. You might bewondering, How will reading this book help me achieve all that?
Python Tricks is not a step-by-step Python tutorial. It is not anentry-level Python course. If you’re in the beginning stages of learn-ing Python, the book alone won’t transform you into a professionalPython developer. Reading it will still be beneficial to you, but youneed to make sure you’re working with some other resources to buildup your foundational Python skills.
You’ll get the most out of this book if you already have some knowl-edge of Python, and youwant to get to the next level. It will work greatfor you if you’ve been coding Python for a while and you’re ready togo deeper, to round out your knowledge, and to make your code morePythonic.
Reading Python Tricks will also be great for you if you already haveexperience with other programming languages and you’re looking toget up to speed with Python. You’ll discover a ton of practical tips anddesign patterns that’ll make you a more effective and skilled Pythoncoder.
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1.3. How to Read This Book
1.3 How to Read This Book
The best way to read Python Tricks: The Book is to treat it like a buffetof awesome Python features. Each Python Trick in the book is self-contained, so it’s completely okay to jump straight to the ones thatlook the most interesting. In fact, I would encourage you to do justthat.
Of course, you can also read through all the Python Tricks in the orderthey’re laid out in the book. That way you won’t miss any of them, andyou’ll know you’ve seen it all when you arrive at the final page.
Some of these tricks will be easy to understand right away, and you’llhave no trouble incorporating them into your day to day work just byreading the chapter. Other tricks might require a bit more time tocrack.
If you’re having trouble making a particular trick work in your ownprograms, it helps to play through each of the code examples in aPython interpreter session.
If that doesn’t make things click, then please feel free to reach out tome, so I can help you out and improve the explanation in this book.In the long run, that benefits not just you but all Pythonistas readingthis book.
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Chapter 2
Patterns for Cleaner Python
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2.1. Covering Your A** With Assertions
2.1 Covering Your A** With Assertions
Sometimes a genuinely helpful language feature gets less attentionthan it deserves. For some reason, this is what happened to Python’sbuilt-in assert statement.
In this chapter I’m going to give you an introduction to using asser-tions in Python. You’ll learn how to use them to help automaticallydetect errors in your Python programs. This will make your programsmore reliable and easier to debug.
At this point, you might be wondering “What are assertions and whatare they good for?” Let’s get you some answers for that.
At its core, Python’s assert statement is a debugging aid that tests acondition. If the assert condition is true, nothing happens, and yourprogram continues to execute as normal. But if the condition evalu-ates to false, an AssertionError exception is raised with an optionalerror message.
Assert in Python — An Example
Here’s a simple example so you can see where assertions might comein handy. I tried to give this some semblance of a real-world problemyou might actually encounter in one of your programs.
Suppose you were building an online store with Python. You’re work-ing to add a discount coupon functionality to the system, and eventu-ally you write the following apply_discount function:
def apply_discount(product, discount):

price = int(product['price'] * (1.0 - discount))
assert 0 <= price <= product['price']
return price

Notice the assert statement in there? It will guarantee that, no mat-terwhat, discounted prices calculated by this function cannot be lowerthan $0 and they cannot be higher than product’s original price.
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2.1. Covering Your A** With Assertions
Let’s make sure this actually works as intended if we call this functionto apply a valid discount. In this example, products for our store willbe represented as plain dictionaries. This is probably not what you’ddo for a real application, but it’ll work nicely for demonstrating asser-tions. Let’s create an example product—a pair of nice shoes at a priceof $149.00:
>>> shoes = {'name': 'Fancy Shoes', 'price': 14900}

By the way, did you notice how I avoided currency rounding issuesby using an integer to represent the price amount in cents? That’sgenerally a good idea… But I digress. Now, if we apply a 25% discountto these shoes, we would expect to arrive at a sale price of $111.75:
>>> apply_discount(shoes, 0.25)
11175

Alright, this worked nicely. Now, let’s try to apply some invalid dis-counts. For example, a 200% “discount” that would lead to us givingmoney to the customer:
>>> apply_discount(shoes, 2.0)
Traceback (most recent call last):
File "<input>", line 1, in <module>

apply_discount(prod, 2.0)
File "<input>", line 4, in apply_discount

assert 0 <= price <= product['price']
AssertionError

As you can see, when we try to apply this invalid discount, our pro-gram halts with an AssertionError. This happens because a dis-count of 200% violated the assertion condition we placed in the ap-
ply_discount function.
You can also see how the exception stacktrace points out the exact lineof code containing the failed assertion. If you (or another developeron your team) ever encounter one of these errors while testing theonline store, it will be easy to find out what happened just by looking
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2.1. Covering Your A** With Assertions
at the exception traceback.
This speeds up debugging efforts considerably, and it will make yourprograms more maintainable in the long-run. And that, my friend, isthe power of assertions.
Why Not Just Use a Regular Exception?
Now, you’re probably wondering why I didn’t just use an if-statementand an exception in the previous example…
You see, the proper use of assertions is to inform developers aboutunrecoverable errors in a program. Assertions are not intended tosignal expected error conditions, like a File-Not-Found error, wherea user can take corrective actions or just try again.
Assertions aremeant to be internal self-checks for your program. Theywork by declaring some conditions as impossible in your code. If oneof these conditions doesn’t hold, that means there’s a bug in the pro-gram.
If your program is bug-free, these conditions will never occur. But ifthey do occur, the program will crash with an assertion error tellingyou exactly which “impossible” condition was triggered. This makesit much easier to track down and fix bugs in your programs. And I likeanything that makes life easier—don’t you?
For now, keep in mind that Python’s assert statement is a debuggingaid, not a mechanism for handling run-time errors. The goal of usingassertions is to let developers find the likely root cause of a bug morequickly. An assertion error should never be raised unless there’s a bugin your program.
Let’s take a closer look at some other things we can do with assertions,and then I’ll cover two commonpitfalls when using them in real-worldscenarios.
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2.1. Covering Your A** With Assertions
Python’s Assert Syntax
It’s always a good idea to study up on how a language feature is ac-tually implemented in Python before you start using it. So let’s takea quick look at the syntax for the assert statement, according to thePython docs:1
assert_stmt ::= "assert" expression1 ["," expression2]

In this case, expression1 is the condition we test, and the optional
expression2 is an errormessage that’s displayed if the assertion fails.At execution time, the Python interpreter transforms each assert state-ment into roughly the following sequence of statements:
if __debug__:

if not expression1:
raise AssertionError(expression2)

Two interesting things about this code snippet:
Before the assert condition is checked, there’s an additional check forthe __debug__ global variable. It’s a built-in boolean flag that’s trueunder normal circumstances and false if optimizations are requested.We’ll talk somemore about that later in the “common pitfalls” section.
Also, you can use expression2 to pass an optional errormessage thatwill be displayed with the AssertionError in the traceback. This cansimplify debugging even further. For example, I’ve seen code like this:
>>> if cond == 'x':
... do_x()
... elif cond == 'y':
... do_y()
... else:
... assert False, (
... 'This should never happen, but it does '

1cf. Python Docs: “The Assert Statement”
19
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2.1. Covering Your A** With Assertions
... 'occasionally. We are currently trying to '
... 'figure out why. Email dbader if you '
... 'encounter this in the wild. Thanks!')

Is this ugly? Well, yes. But it’s definitely a valid and helpful techniqueif you’re faced with a Heisenbug2 in one of your applications.
Common Pitfalls With Using Asserts in Python
Before you move on, there are two important caveats regarding theuse of assertions in Python that I’d like to call out.
The first one has to do with introducing security risks and bugs intoyour applications, and the second one is about a syntax quirk thatmakes it easy to write useless assertions.
This sounds (and potentially is) quite horrible, so you should probablyat least skim these two caveats below.
Caveat #1 – Don’t Use Asserts for Data Validation
The biggest caveat with using asserts in Python is that assertions canbe globally disabled3 with the -O and -OO command line switches, aswell as the PYTHONOPTIMIZE environment variable in CPython.
This turns any assert statement into a null-operation: the assertionssimply get compiled away and won’t be evaluated, which means thatnone of the conditional expressions will be executed.
This is an intentional design decision used similarly by many otherprogramming languages. As a side-effect, it becomes extremely dan-gerous to use assert statements as a quick and easy way to validateinput data.
Let me explain—if your program uses asserts to check if a functionargument contains a “wrong” or unexpected value, this can backfire

2cf. Wikipedia: Heisenbug3cf. Python Docs: “Constants (__debug__)”
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2.1. Covering Your A** With Assertions
quickly and lead to bugs or security holes.
Let’s take a look at a simple example that demonstrates this prob-lem. Again, imagine you’re building an online store application withPython. Somewhere in your application code there’s a function todelete a product as per a user’s request.
Because you just learned about assertions, you’re eager to use themin your code (hey, I know I would be!) and you write the followingimplementation:
def delete_product(prod_id, user):

assert user.is_admin(), 'Must be admin'
assert store.has_product(prod_id), 'Unknown product'
store.get_product(prod_id).delete()

Take a close look at this delete_product function. Now, what’s goingto happen if assertions are disabled?
There are two serious issues in this three-line function example, andthey’re caused by the incorrect use of assert statements:
1. Checking for admin privilegeswith an assert statement isdangerous. If assertions are disabled in the Python interpreter,this turns into a null-op. Therefore any user can now delete prod-ucts. The privileges check doesn’t even run. This likely introducesa security problem and opens the door for attackers to destroy orseverely damage the data in our online store. Not good.
2. The has_product() check is skipped when assertions aredisabled. This means get_product() can now be called with in-valid product IDs—which could lead to more severe bugs, depend-ing on how our program is written. In the worst case, this could bean avenue for someone to launch Denial of Service attacks againstour store. For example, if the store app crashes if someone at-tempts to delete an unknown product, an attacker could bombardit with invalid delete requests and cause an outage.
How might we avoid these problems? The answer is to never use as-
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2.1. Covering Your A** With Assertions
sertions to do data validation. Instead, we could do our validationwith regular if-statements and raise validation exceptions if neces-sary, like so:
def delete_product(product_id, user):

if not user.is_admin():
raise AuthError('Must be admin to delete')

if not store.has_product(product_id):
raise ValueError('Unknown product id')

store.get_product(product_id).delete()

This updated example also has the benefit that instead of raising un-specific AssertionError exceptions, it now raises semantically cor-rect exceptions like ValueError or AuthError (which we’d have todefine ourselves.)
Caveat #2 – Asserts That Never Fail
It’s surprisingly easy to accidentally write Python assert statementsthat always evaluate to true. I’ve been bitten by this myself in the past.Here’s the problem, in a nutshell:
When you pass a tuple as the first argument in an assert statement,the assertion always evaluates as true and therefore never fails.
For example, this assertion will never fail:
assert(1 == 2, 'This should fail')

This has to dowith non-empty tuples always being truthy in Python. Ifyou pass a tuple to an assert statement, it leads to the assert conditionalways being true—which in turn leads to the above assert statementbeing useless because it can never fail and trigger an exception.
It’s relatively easy to accidentally write bad multi-line asserts due tothis, well, unintuitive behavior. For example, I merrily wrote a bunchof broken test cases that gave a false sense of security in one of my testsuites. Imagine you had this assertion in one of your unit tests:
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2.1. Covering Your A** With Assertions

assert (
counter == 10,
'It should have counted all the items'

)

Upon first inspection, this test case looks completely fine. However, itwould never catch an incorrect result: the assertion always evaluatesto True, regardless of the state of the counter variable. And why isthat? Because it asserts the truth value of a tuple object.
Like I said, it’s rather easy to shoot yourself in the foot with this (minestill hurts). A good countermeasure you can apply to prevent this syn-tax quirk from causing trouble is to use a code linter.4 Newer versionsof Python 3 will also show a syntax warning for these dubious asserts.
By the way, that’s also why you should always do a quick smoke testwith your unit test cases. Make sure they can actually fail before youmove on to writing the next one.
Python Assertions — Summary
Despite these caveats I believe that Python’s assertions are a powerfuldebugging tool that’s frequently underused by Python developers.
Understanding how assertions work andwhen to apply them can helpyou write Python programs that are more maintainable and easier todebug.
It’s a great skill to learn that will help bring your Python knowledge tothe next level and make you a more well-rounded Pythonista. I knowit has saved me hours upon hours of debugging.
Key Takeaways
• Python’s assert statement is a debugging aid that tests a conditionas an internal self-check in your program.

4I wrote an article about avoiding bogus assertions in your Python tests. Youcan find it here: dbader.org/blog/catching-bogus-python-asserts.
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2.1. Covering Your A** With Assertions
• Asserts should only be used to help developers identify bugs.They’re not a mechanism for handling run-time errors.
• Asserts can be globally disabled with an interpreter setting.
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2.2. Complacent Comma Placement
2.2 Complacent Comma Placement
Here’s a handy tip for when you’re adding and removing items froma list, dict, or set constant in Python: Just end all of your lines with acomma.
Not sure what I’m talking about? Let me give you a quick example.Imagine you’ve got this list of names in your code:
>>> names = ['Alice', 'Bob', 'Dilbert']

Whenever you make a change to this list of names, it’ll be hard to tellwhat was modified by looking at a Git diff, for example. Most sourcecontrol systems are line-based and have a hard time highlightingmul-tiple changes to a single line.
A quick fix for that is to adopt a code style where you spread out list,dict, or set constants across multiple lines, like so:
>>> names = [
... 'Alice',
... 'Bob',
... 'Dilbert'
... ]

That way there’s one item per line, making it perfectly clear which onewas added, removed, or modified when you view a diff in your sourcecontrol system. It’s a small change but I found it helpedme avoid sillymistakes. It also made it easier for my teammates to review my codechanges.
Now, there are two editing cases that can still cause some confusion.Whenever you add a new item at the end of a list, or you remove thelast item, you’ll have to update the comma placement manually to getconsistent formatting.
Let’s say you’d like to add another name (Jane) to that list. If you addJane, you’ll need to fix the comma placement after the Dilbert line to
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avoid a nasty error:
>>> names = [
... 'Alice',
... 'Bob',
... 'Dilbert' # <- Missing comma!
... 'Jane'
]

When you inspect the contents of that list, brace yourself for a sur-prise:
>>> names
['Alice', 'Bob', 'DilbertJane']

As you can see, Python merged the strings Dilbert and Jane into Dil-bertJane. This so-called “string literal concatenation” is intentionaland documented behavior. And it’s also a fantastic way to shoot your-self in the foot by introducing hard-to-catch bugs into your programs:
“Multiple adjacent string or bytes literals (delimited bywhitespace), possibly using different quoting conven-tions, are allowed, and their meaning is the same astheir concatenation.”5

Still, string literal concatenation is a useful feature in some cases. Forexample, you can use it to reduce the number of backslashes neededto split long string constants across multiple lines:
my_str = ('This is a super long string constant '

'spread out across multiple lines. '
'And look, no backslash characters needed!')

On the other hand, we’ve just seen how the same feature can quicklyturn into a liability. Now, how do we fix this situation?
5cf. Python Docs: “String literal concatenation”
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2.2. Complacent Comma Placement
Adding themissing comma afterDilbert prevents the two strings fromgetting merged into one:
>>> names = [
... 'Alice',
... 'Bob',
... 'Dilbert',
... 'Jane'
]

But now we’ve come full circle and returned to the original problem.I had to modify two lines in order to add a new name to the list. Thismakes it harder to see what was modified in the Git diff again… Didsomeone add a new name? Did someone change Dilbert’s name?
Luckily, Python’s syntax allows for some leeway to solve this commaplacement issue once and for all. You just need to train yourself toadopt a code style that avoids it in the first place. Let me show youhow.
In Python, you can place a comma after every item in a list, dict, or setconstant, including the last item. That way, you can just rememberto always end your lines with a comma and thus avoid the commaplacement juggling that would otherwise be required.
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Here’s what the final example looks like:
>>> names = [
... 'Alice',
... 'Bob',
... 'Dilbert',
... ]

Did you spot the comma after Dilbert? That’ll make it easy to add orremove new items without having to update the comma placement. Itkeeps your lines consistent, your source control diffs clean, and yourcode reviewers happy. Hey, sometimes themagic is in the little things,right?
Key Takeaways
• Smart formatting and comma placement can make your list, dict,or set constants easier to maintain.
• Python’s string literal concatenation feature can work to your ben-efit, or introduce hard-to-catch bugs.
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2.3 Context Managers and the withStatement
The with statement in Python is regarded as an obscure feature bysome. But when you peek behind the scenes, you’ll see that there’s nomagic involved, and it’s actually a highly useful feature that can helpyou write cleaner and more readable Python code.
So what’s the with statement good for? It helps simplify some com-mon resourcemanagement patterns by abstracting their functionalityand allowing them to be factored out and reused.
A good way to see this feature used effectively is by looking at exam-ples in the Python standard library. The built-in open() function pro-vides us with an excellent use case:
with open('hello.txt', 'w') as f:

f.write('hello, world!')

Opening files using the with statement is generally recommended be-cause it ensures that open file descriptors are closed automatically af-ter program execution leaves the context of the with statement. In-ternally, the above code sample translates to something like this:
f = open('hello.txt', 'w')
try:

f.write('hello, world')
finally:

f.close()

You can already tell that this is quite a bit more verbose. Note thatthe try...finally statement is significant. It wouldn’t be enough tojust write something like this:
f = open('hello.txt', 'w')
f.write('hello, world')
f.close()
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2.3. Context Managers and the with Statement
This implementation won’t guarantee the file is closed if there’s an ex-ception during the f.write() call—and therefore our programmightleak a file descriptor. That’s why the with statement is so useful. Itmakes properly acquiring and releasing resources a breeze.
Another good example where the with statement is used effectively inthe Python standard library is the threading.Lock class:
some_lock = threading.Lock()

# Harmful:
some_lock.acquire()
try:

# Do something...
finally:

some_lock.release()

# Better:
with some_lock:

# Do something...

In both cases, using a with statement allows you to abstract awaymost of the resource handling logic. Instead of having to write an ex-plicit try...finally statement each time, using the with statementtakes care of that for us.
The with statement can make code that deals with system resourcesmore readable. It also helps you avoid bugs or leaks bymaking it prac-tically impossible to forget to clean up or release a resource when it’sno longer needed.
Supporting with in Your Own Objects
Now, there’s nothing special or magical about the open() function orthe threading.Lock class and the fact that they can be used with a
with statement. You can provide the same functionality in your own
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classes and functions by implementing so-called context managers.6
What’s a context manager? It’s a simple “protocol” (or interface) thatyour object needs to follow in order to support the with statement.Basically, all you need to do is add __enter__ and __exit__methodsto an object if you want it to function as a context manager. Pythonwill call these two methods at the appropriate times in the resourcemanagement cycle.
Let’s take a look at what this would look like in practical terms. Here’swhat a simple implementation of the open() context manager mightlook like:
class ManagedFile:

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

def __enter__(self):
self.file = open(self.name, 'w')
return self.file

def __exit__(self, exc_type, exc_val, exc_tb):
if self.file:

self.file.close()

Our ManagedFile class follows the contextmanager protocol andnowsupports the with statement, just like the original open() exampledid:
>>> with ManagedFile('hello.txt') as f:
... f.write('hello, world!')
... f.write('bye now')

Python calls __enter__ when execution enters the context of the
with statement and it’s time to acquire the resource. When execu-tion leaves the context again, Python calls __exit__ to free up theresource.

6cf. Python Docs: “With Statement Context Managers”
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Writing a class-based context manager isn’t the only way to supportthe with statement in Python. The contextlib7 utility module in thestandard library provides a few more abstractions built on top of thebasic context manager protocol. This can make your life a little easierif your use cases match what’s offered by contextlib.
For example, you can use the contextlib.contextmanager decora-tor to define a generator-based factory function for a resource thatwillthen automatically support the with statement. Here’swhat rewritingour ManagedFile context manager example with this technique lookslike:
from contextlib import contextmanager

@contextmanager
def managed_file(name):

try:
f = open(name, 'w')
yield f

finally:
f.close()

>>> with managed_file('hello.txt') as f:
... f.write('hello, world!')
... f.write('bye now')

In this case, managed_file() is a generator that first acquires theresource. After that, it temporarily suspends its own execution andyields the resource so it can be used by the caller. When the callerleaves the with context, the generator continues to execute so thatany remaining clean-up steps can occur and the resource can get re-leased back to the system.
The class-based implementation and the generator-based one are es-sentially equivalent. You might prefer one over the other, dependingon which approach you find more readable.

7cf. Python Docs: “contextlib”
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A downside of the @contextmanager-based implementationmight bethat it requires some understanding of advanced Python concepts likedecorators and generators. If you need to get up to speed with those,feel free to take a detour to the relevant chapters here in this book.
Once again, making the right implementation choice here comesdown to what you and your team are comfortable using and what youfind the most readable.
Writing Pretty APIs With Context Managers
Context managers are quite flexible, and if you use the with state-ment creatively, you can define convenient APIs for yourmodules andclasses.
For example, what if the “resource” we wanted to manage was textindentation levels in some kind of report generator program? What ifwe could write code like this to do it:
with Indenter() as indent:

indent.print('hi!')
with indent:

indent.print('hello')
with indent:

indent.print('bonjour')
indent.print('hey')

This almost reads like a domain-specific language (DSL) for indent-ing text. Also, notice how this code enters and leaves the same con-text manager multiple times to change indentation levels. Runningthis code snippet should lead to the following output and print neatlyformatted text to the console:
hi!

hello
bonjour

hey
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So, howwould you implement a contextmanager to support this func-tionality?
By theway, this could be a great exercise for you to understand exactlyhow context managers work. So before you check out my implemen-tation below, you might want to take some time and try to implementthis yourself as a learning exercise.
If you’re ready to check outmy implementation, here’s how youmightimplement this functionality using a class-based context manager:
class Indenter:

def __init__(self):
self.level = 0

def __enter__(self):
self.level += 1
return self

def __exit__(self, exc_type, exc_val, exc_tb):
self.level -= 1

def print(self, text):
print(' ' * self.level + text)

That wasn’t so bad, was it? I hope that by now you’re already feelingmore comfortable using context managers and the with statement inyour own Python programs. They’re an excellent feature that will al-low you to deal with resource management in a much more Pythonicand maintainable way.
If you’re looking for another exercise to deepen your understanding,try implementing a contextmanager thatmeasures the execution timeof a code block using the time.time function. Be sure to try out writ-ing both a decorator-based and a class-based variant to drive homethe difference between the two.
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Key Takeaways
• The with statement simplifies exception handling by encapsulat-ing standard uses of try/finally statements in so-called contextmanagers.
• Most commonly it is used to manage the safe acquisition and re-lease of system resources. Resources are acquired by the withstatement and released automatically when execution leaves the
with context.

• Using with effectively can help you avoid resource leaks andmakeyour code easier to read.
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2.4 Underscores, Dunders, and More
Single and double underscores have ameaning in Python variable andmethod names. Some of that meaning is merely by convention andintended as a hint to the programmer—and some of it is enforced bythe Python interpreter.
If you’re wondering, “What’s the meaning of single and double under-scores in Python variable and method names?” I’ll do my best to getyou the answer here. In this chapter we’ll discuss the following fiveunderscore patterns and naming conventions, and how they affect thebehavior of your Python programs:
• Single Leading Underscore: _var
• Single Trailing Underscore: var_
• Double Leading Underscore: __var
• Double Leading and Trailing Underscore: __var__
• Single Underscore: _
1. Single Leading Underscore: “_var”
When it comes to variable and method names, the single under-score prefix has a meaning by convention only. It’s a hint to theprogrammer—it means what the Python community agrees it shouldmean, but it does not affect the behavior of your programs.
The underscore prefix is meant as a hint to tell another programmerthat a variable ormethod startingwith a single underscore is intendedfor internal use. This convention is defined in PEP 8, the most com-monly used Python code style guide.8
However, this convention isn’t enforced by the Python interpreter.Python does not have strong distinctions between “private” and “pub-lic” variables like Java does. Adding a single underscore in front ofa variable name is more like someone putting up a tiny underscore

8cf. PEP 8: “Style Guide for Python Code”
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2.4. Underscores, Dunders, and More
warning sign that says: “Hey, this isn’t really meant to be a part of thepublic interface of this class. Best to leave it alone.”
Take a look at the following example:
class Test:

def __init__(self):
self.foo = 11
self._bar = 23

What’s going to happen if you instantiate this class and try to accessthe foo and _bar attributes defined in its __init__ constructor?
Let’s find out:
>>> t = Test()
>>> t.foo
11
>>> t._bar
23

As you can see, the leading single underscore in _bar did not preventus from “reaching into” the class and accessing the value of that vari-able.
That’s because the single underscore prefix in Python is merely anagreed-upon convention—at least when it comes to variable andmethod names.
However, leading underscores do impact how names get importedfrommodules. Imagine you had the following code in amodule called
my_module:
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# my_module.py:

def external_func():
return 23

def _internal_func():
return 42

Now, if you use a wildcard import to import all the names from themodule, Python will not import names with a leading underscore (un-less the module defines an __all__ list that overrides this behavior9):
>>> from my_module import *
>>> external_func()
23
>>> _internal_func()
NameError: "name '_internal_func' is not defined"

By the way, wildcard imports should be avoided as they make it un-clear which names are present in the namespace.10 It’s better to stickto regular imports for the sake of clarity. Unlikewildcard imports, reg-ular imports are not affected by the leading single underscore namingconvention:
>>> import my_module
>>> my_module.external_func()
23
>>> my_module._internal_func()
42

I know this might be a little confusing at this point. If you stick tothe PEP 8 recommendation that wildcard imports should be avoided,then all you really need to remember is this:
Single underscores are a Python naming convention that indicates aname is meant for internal use. It is generally not enforced by the

9cf. Python Docs: “Importing * From a Package”10cf. PEP 8: “Imports”
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2.4. Underscores, Dunders, and More
Python interpreter and is only meant as a hint to the programmer.
2. Single Trailing Underscore: “var_”
Sometimes the most fitting name for a variable is already taken by akeyword in the Python language. Therefore, names like class or defcannot be used as variable names in Python. In this case, you canappend a single underscore to break the naming conflict:
>>> def make_object(name, class):
SyntaxError: "invalid syntax"

>>> def make_object(name, class_):
... pass

In summary, a single trailing underscore (postfix) is used by conven-tion to avoid naming conflicts with Python keywords. This conventionis defined and explained in PEP 8.
3. Double Leading Underscore: “__var”
The naming patterns we’ve covered so far receive their meaning fromagreed-upon conventions only. With Python class attributes (vari-ables and methods) that start with double underscores, things are alittle different.
A double underscore prefix causes the Python interpreter to rewritethe attribute name in order to avoid naming conflicts in subclasses.
This is also called name mangling—the interpreter changes the nameof the variable in a way that makes it harder to create collisions whenthe class is extended later.
I know this sounds rather abstract. That’s why I put together this littlecode example we can use for experimentation:
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class Test:
def __init__(self):

self.foo = 11
self._bar = 23
self.__baz = 42

Let’s take a look at the attributes on this object using the built-in
dir() function:
>>> t = Test()
>>> dir(t)
['_Test__baz', '__class__', '__delattr__', '__dict__',
'__dir__', '__doc__', '__eq__', '__format__', '__ge__',
'__getattribute__', '__gt__', '__hash__', '__init__',
'__le__', '__lt__', '__module__', '__ne__', '__new__',
'__reduce__', '__reduce_ex__', '__repr__',
'__setattr__', '__sizeof__', '__str__',
'__subclasshook__', '__weakref__', '_bar', 'foo']

This gives us a list with the object’s attributes. Let’s take this list andlook for our original variable names foo, _bar, and __baz. I promiseyou’ll notice some interesting changes.
First of all, the self.foo variable appears unmodified as foo in theattribute list.
Next up, self._bar behaves the same way—it shows up on the classas _bar. Like I said before, the leading underscore is just a conventionin this case—a hint for the programmer.
However, with self.__baz things look a little different. When yousearch for __baz in that list, you’ll see that there is no variable withthat name.
So what happened to __baz?
If you look closely, you’ll see there’s an attribute called _Test__bazon this object. This is the name mangling that the Python interpreter
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applies. It does this to protect the variable from getting overridden insubclasses.
Let’s create another class that extends the Test class and attempts tooverride its existing attributes added in the constructor:
class ExtendedTest(Test):

def __init__(self):
super().__init__()
self.foo = 'overridden'
self._bar = 'overridden'
self.__baz = 'overridden'

Now, what do you think the values of foo, _bar, and __bazwill be oninstances of this ExtendedTest class? Let’s take a look:
>>> t2 = ExtendedTest()
>>> t2.foo
'overridden'
>>> t2._bar
'overridden'
>>> t2.__baz
AttributeError:
"'ExtendedTest' object has no attribute '__baz'"

Wait, why did we get that AttributeError when we tried to inspectthe value of t2.__baz? Name mangling strikes again! It turns outthis object doesn’t even have a __baz attribute:
>>> dir(t2)
['_ExtendedTest__baz', '_Test__baz', '__class__',
'__delattr__', '__dict__', '__dir__', '__doc__',
'__eq__', '__format__', '__ge__', '__getattribute__',
'__gt__', '__hash__', '__init__', '__le__', '__lt__',
'__module__', '__ne__', '__new__', '__reduce__',
'__reduce_ex__', '__repr__', '__setattr__',
'__sizeof__', '__str__', '__subclasshook__',

41



2.4. Underscores, Dunders, and More
'__weakref__', '_bar', 'foo', 'get_vars']

As you can see, __baz got turned into _ExtendedTest__baz to pre-vent accidental modification. But the original _Test__baz is also stillaround:
>>> t2._ExtendedTest__baz
'overridden'
>>> t2._Test__baz
42

Double underscore name mangling is fully transparent to the pro-grammer. Take a look at the following example that will confirmthis:
class ManglingTest:

def __init__(self):
self.__mangled = 'hello'

def get_mangled(self):
return self.__mangled

>>> ManglingTest().get_mangled()
'hello'
>>> ManglingTest().__mangled
AttributeError:
"'ManglingTest' object has no attribute '__mangled'"

Does name mangling also apply to method names? It sure does!Name mangling affects all names that start with two underscorecharacters (“dunders”) in a class context:
class MangledMethod:

def __method(self):
return 42

def call_it(self):
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return self.__method()

>>> MangledMethod().__method()
AttributeError:
"'MangledMethod' object has no attribute '__method'"
>>> MangledMethod().call_it()
42

Here’s another, perhaps surprising, example of name mangling in ac-tion:
_MangledGlobal__mangled = 23

class MangledGlobal:
def test(self):

return __mangled

>>> MangledGlobal().test()
23

In this example, I declared _MangledGlobal__mangled as a globalvariable. Then I accessed the variable inside the context of a classnamed MangledGlobal. Because of name mangling, I was able to ref-erence the _MangledGlobal__mangled global variable as just __man-
gled inside the test()method on the class.
The Python interpreter automatically expanded the name __mangledto _MangledGlobal__mangled because it begins with two underscorecharacters. This demonstrates that name mangling isn’t tied to classattributes specifically. It applies to any name starting with two under-score characters that is used in a class context.
Whew! That was a lot to absorb.
To be honest with you, I didn’t write down these examples and expla-nations off the top of my head. It took me some research and editingto do it. I’ve been using Python for years but rules and special caseslike that aren’t constantly on my mind.
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Sometimes the most important skills for a programmer are “patternrecognition” and knowing where to look things up. If you feel a littleoverwhelmed at this point, don’t worry. Take your time and play withsome of the examples in this chapter.
Let these concepts sink in enough so that you’ll recognize the generalidea of name mangling and some of the other behaviors I’ve shownyou. If you encounter them “in the wild” one day, you’ll know what tolook for in the documentation.
Sidebar: What are dunders?
If you’ve heard some experienced Pythonistas talk about Python orwatched a few conference talks you may have heard the term dunder.If you’re wondering what that is, well, here’s your answer:
Double underscores are often referred to as “dunders” in the Pythoncommunity. The reason is that double underscores appear quite oftenin Python code, and to avoid fatiguing their jaw muscles, Pythonistasoften shorten “double underscore” to “dunder.”
For example, you’d pronounce __baz as “dunder baz.” Likewise, __-
init__would be pronounced as “dunder init,” even though onemightthink it should be “dunder init dunder.”
But that’s just yet another quirk in the naming convention. It’s like asecret handshake for Python developers.
4. Double Leading and Trailing Underscore:“__var__”
Perhaps surprisingly, name mangling is not applied if a name startsand endswith double underscores. Variables surrounded by a doubleunderscore prefix and postfix are left unscathed by the Python inter-preter:
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class PrefixPostfixTest:
def __init__(self):

self.__bam__ = 42

>>> PrefixPostfixTest().__bam__
42

However, names that have both leading and trailing double under-scores are reserved for special use in the language. This rule coversthings like __init__ for object constructors, or __call__ to makeobjects callable.
These dunder methods are often referred to as magic methods—butmany people in the Python community, including myself, don’t likethat word. It implies that the use of dunder methods is discouraged,which is entirely not the case. They’re a core feature in Python andshould be used as needed. There’s nothing “magical” or arcane aboutthem.
However, as far as naming conventions go, it’s best to stay away fromusing names that start and end with double underscores in your ownprograms to avoid collisions with future changes to the Python lan-guage.
5. Single Underscore: “_”
Per convention, a single stand-alone underscore is sometimes used asa name to indicate that a variable is temporary or insignificant.
For example, in the following loopwe don’t need access to the runningindex and we can use “_” to indicate that it is just a temporary value:
>>> for _ in range(32):
... print('Hello, World.')

You can also use single underscores in unpacking expressions as a“don’t care” variable to ignore particular values. Again, this meaningis per convention only and it doesn’t trigger any special behaviors in
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the Python parser. The single underscore is simply a valid variablename that’s sometimes used for this purpose.
In the following code example, I’m unpacking a tuple into separatevariables but I’m only interested in the values for the color and
mileage fields. However, in order for the unpacking expression tosucceed, I need to assign all values contained in the tuple to variables.That’s where “_” is useful as a placeholder variable:
>>> car = ('red', 'auto', 12, 3812.4)
>>> color, _, _, mileage = car

>>> color
'red'
>>> mileage
3812.4
>>> _
12

Besides its use as a temporary variable, “_” is a special variable inmostPython REPLs that represents the result of the last expression evalu-ated by the interpreter.
This is handy if you’re working in an interpreter session and you’d liketo access the result of a previous calculation:
>>> 20 + 3
23
>>> _
23
>>> print(_)
23

It’s also handy if you’re constructing objects on the fly and want tointeract with them without assigning them a name first:
>>> list()
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[]
>>> _.append(1)
>>> _.append(2)
>>> _.append(3)
>>> _
[1, 2, 3]

Key Takeaways
• Single Leading Underscore “_var”: Naming convention indi-cating a name is meant for internal use. A hint for programmersand not enforced by the interpreter (except in wildcard imports.)
• Single Trailing Underscore “var_”: Used by convention toavoid naming conflicts with Python keywords.
• Double Leading Underscore “__var”: Triggers name man-gling when used in a class context. Enforced by the Pythoninterpreter.
• Double Leading and Trailing Underscore “__var__”: Indi-cates special methods defined by the Python language. Avoid thisnaming scheme for your own attributes.
• Single Underscore “_”: Sometimes used as a name for tempo-rary or insignificant variables (“don’t care”). Also, it representsthe result of the last expression in a Python REPL session.
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2.5 A Shocking Truth About StringFormatting
Remember the Zen of Python and how there should be “one obviousway to do something?” You might scratch your head when you findout that there are four major ways to do string formatting in Python.
In this chapter I’ll demonstrate how these four string formatting ap-proaches work and what their respective strengths and weaknessesare. I’ll also give you my simple “rule of thumb” for how I pick thebest general-purpose string formatting approach.
Let’s jump right in, aswe’ve got a lot to cover. In order to have a simpletoy example for experimentation, let’s assume we’ve got the followingvariables (or constants, really) to work with:
>>> errno = 50159747054
>>> name = 'Bob'

And based on these variables we’d like to generate an output stringwith the following error message:
'Hey Bob, there is a 0xbadc0ffee error!'

Now, that error could really spoil a dev’s Monday morning! But we’rehere to discuss string formatting today. So let’s get to work.
#1 – “Old Style” String Formatting
Strings in Python have a unique built-in operation that can be ac-cessed with the %-operator. It’s a shortcut that lets you do simple po-sitional formatting very easily. If you’ve ever worked with a printf-style function in C, you’ll instantly recognize how this works. Here’sa simple example:
>>> 'Hello, %s' % name
'Hello, Bob'
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I’m using the %s format specifier here to tell Python where to substi-tute the value of name, represented as a string. This is called “old style”string formatting.
In old style string formatting there are also other format specifiersavailable that let you control the output string. For example, it’s possi-ble to convert numbers to hexadecimal notation or to add whitespacepadding to generate nicely formatted tables and reports.11
Here, I’m using the %x format specifier to convert an int value to astring and to represent it as a hexadecimal number:
>>> '%x' % errno
'badc0ffee'

The “old style” string formatting syntax changes slightly if youwant tomakemultiple substitutions in a single string. Because the %-operatoronly takes one argument, you need to wrap the right-hand side in atuple, like so:
>>> 'Hey %s, there is a 0x%x error!' % (name, errno)
'Hey Bob, there is a 0xbadc0ffee error!'

It’s also possible to refer to variable substitutions by name in yourformat string, if you pass a mapping to the %-operator:
>>> 'Hey %(name)s, there is a 0x%(errno)x error!' % {
... "name": name, "errno": errno }
'Hey Bob, there is a 0xbadc0ffee error!'

This makes your format strings easier to maintain and easier to mod-ify in the future. You don’t have to worry about making sure the orderyou’re passing in the values matches up with the order the values arereferenced in the format string. Of course, the downside is that thistechnique requires a little more typing.
I’m sure you’ve been wondering why this printf-style formatting is

11cf. Python Docs: “printf-style String Formatting”
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called “old style” string formatting. Well, let me tell you. It was tech-nically superseded by “new style” formatting, which we’re going totalk about in a minute. But while “old style” formatting has been de-emphasized, it hasn’t been deprecated. It is still supported in the lat-est versions of Python.
#2 – “New Style” String Formatting
Python 3 introduced a new way to do string formatting that was alsolater back-ported to Python 2.7. This “new style” string formattinggets rid of the %-operator special syntax and makes the syntax forstring formatting more regular. Formatting is now handled by call-ing a format() function on a string object.12
You can use the format() function to do simple positional formatting,just like you could with “old style” formatting:
>>> 'Hello, {}'.format(name)
'Hello, Bob'

Or, you can refer to your variable substitutions by name and use themin any order you want. This is quite a powerful feature as it allowsfor re-arranging the order of display without changing the argumentspassed to the format function:
>>> 'Hey {name}, there is a 0x{errno:x} error!'.format(
... name=name, errno=errno)
'Hey Bob, there is a 0xbadc0ffee error!'

This also shows that the syntax to format an int variable as a hexadeci-mal string has changed. Nowwe need to pass a format spec by addinga “:x” suffix after the variable name.
Overall, the format string syntax has become more powerful withoutcomplicating the simpler use cases. It pays off to read up on this stringformatting mini-language in the Python documentation.13

12cf. Python Docs: “str.format()”13cf. Python Docs: “Format String Syntax”
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In Python 3, this “new style” string formatting is preferred over %-styleformatting. However, starting with Python 3.6 there’s an even betterway to format your strings. I’ll tell you all about it in the next section.
#3 – Literal String Interpolation (Python 3.6+)
Python 3.6 adds yet another way to format strings, called FormattedString Literals. This new way of formatting strings lets you use em-bedded Python expressions inside string constants. Here’s a simpleexample to give you a feel for the feature:
>>> f'Hello, {name}!'
'Hello, Bob!'

This new formatting syntax is powerful. Because you can embed ar-bitrary Python expressions, you can even do inline arithmetic with it,like this:
>>> a = 5
>>> b = 10
>>> f'Five plus ten is {a + b} and not {2 * (a + b)}.'

'Five plus ten is 15 and not 30.'

Behind the scenes, formatted string literals are a Python parser fea-ture that converts f-strings into a series of string constants and ex-pressions. They then get joined up to build the final string.
Imagine we had the following greet() function that contains an f-string:
>>> def greet(name, question):
... return f"Hello, {name}! How's it {question}?"
...

>>> greet('Bob', 'going')
"Hello, Bob! How's it going?"
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When we disassemble the function and inspect what’s going on be-hind the scenes, we can see that the f-string in the function gets trans-formed into something similar to the following:
>>> def greet(name, question):
... return ("Hello, " + name + "! How's it " +

question + "?")

The real implementation is slightly faster than that because it uses the
BUILD_STRING opcode as an optimization.14 But functionally they’rethe same:
>>> import dis
>>> dis.dis(greet)
2 0 LOAD_CONST 1 ('Hello, ')

2 LOAD_FAST 0 (name)
4 FORMAT_VALUE 0
6 LOAD_CONST 2 ("! How's it ")
8 LOAD_FAST 1 (question)

10 FORMAT_VALUE 0
12 LOAD_CONST 3 ('?')
14 BUILD_STRING 5
16 RETURN_VALUE

String literals also support the existing format string syntax of the
str.format()method. That allows you to solve the same formattingproblems we’ve discussed in the previous two sections:
>>> f"Hey {name}, there's a {errno:#x} error!"
"Hey Bob, there's a 0xbadc0ffee error!"

Python’s new Formatted String Literals are similar to the JavaScriptTemplate Literals added in ES2015. I think they’re quite a nice addi-tion to the language, and I’ve already started using them in my day-to-day Python 3 work. You can learn more about Formatted String
14cf. Python 3 bug-tracker issue #27078
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Literals in the official Python documentation.15

#4 – Template Strings
One more technique for string formatting in Python is TemplateStrings. It’s a simpler and less powerful mechanism, but in somecases this might be exactly what you’re looking for.
Let’s take a look at a simple greeting example:
>>> from string import Template
>>> t = Template('Hey, $name!')
>>> t.substitute(name=name)
'Hey, Bob!'

You see here that we need to import the Template class fromPython’sbuilt-in stringmodule. Template strings are not a core language fea-ture but they’re supplied by a module in the standard library.
Another difference is that template strings don’t allow format speci-fiers. So in order to get our error string example to work, we need totransform our int error number into a hex-string ourselves:
>>> templ_string = 'Hey $name, there is a $error error!'
>>> Template(templ_string).substitute(
... name=name, error=hex(errno))
'Hey Bob, there is a 0xbadc0ffee error!'

That worked great but you’re probably wondering when you use tem-plate strings in your Python programs. In my opinion, the best usecase for template strings is when you’re handling format strings gen-erated by users of your program. Due to their reduced complexity,template strings are a safer choice.
The more complex formatting mini-languages of other string format-ting techniques might introduce security vulnerabilities to your pro-

15cf. Python Docs: “Formatted string literals”
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grams. For example, it’s possible for format strings to access arbitraryvariables in your program.
That means, if a malicious user can supply a format string they canalso potentially leak secret keys and other sensitive information!Here’s a simple proof of concept of how this attack might be used:
>>> SECRET = 'this-is-a-secret'
>>> class Error:
... def __init__(self):
... pass
>>> err = Error()
>>> user_input = '{error.__init__.__globals__[SECRET]}'

# Uh-oh...
>>> user_input.format(error=err)
'this-is-a-secret'

See how the hypothetical attacker was able to extract our secret stringby accessing the __globals__ dictionary from the format string?Scary, huh! Template Strings close this attack vector, and this makesthem a safer choice if you’re handling format strings generated fromuser input:
>>> user_input = '${error.__init__.__globals__[SECRET]}'
>>> Template(user_input).substitute(error=err)
ValueError:
"Invalid placeholder in string: line 1, col 1"

Which String Formatting Method Should I Use?
I totally get that having somuch choice for how to format your stringsin Python can feel very confusing. This would be a good time to bustout some flowchart infographic…
But I’m not going to do that. Instead, I’ll try to boil it down to thesimple rule of thumb that I apply when I’m writing Python.
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Here we go—you can use this rule of thumb any time you’re havingdifficulty deciding which string formatting method to use, dependingon the circumstances:
Dan’s Python String Formatting Rule of Thumb:

If your format strings are user-supplied, use TemplateStrings to avoid security issues. Otherwise, use LiteralString Interpolation if you’re on Python 3.6+, and “NewStyle” String Formatting if you’re not.
Key Takeaways
• Perhaps surprisingly, there’s more than one way to handle stringformatting in Python.
• Each method has its individual pros and cons. Your use case willinfluence which method you should use.
• If you’re having trouble deciding which string formatting methodto use, try my String Formatting Rule of Thumb.
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2.6 “The Zen of Python” Easter Egg
I know what follows is a common sight as far as Python books go. Butthere’s really no way around Tim Peters’ Zen of Python. I’ve benefitedfrom revisiting it over the years, and I think Tim’s words made me abetter coder. Hopefully they can do the same for you.
Also, you can tell theZen of Python is a big deal because it’s included asan Easter egg in the language. Just enter a Python interpreter sessionand run the following:
>>> import this

The Zen of Python, by Tim Peters
Beautiful is better than ugly.Explicit is better than implicit.Simple is better than complex.Complex is better than complicated.Flat is better than nested.Sparse is better than dense.Readability counts.Special cases aren’t special enough to break the rules.Although practicality beats purity.Errors should never pass silently.Unless explicitly silenced.In the face of ambiguity, refuse the temptation to guess.There should be one—and preferably only one—obvious way to do it.Although that way may not be obvious at first unless you’re Dutch.Now is better than never.Although never is often better than right now.If the implementation is hard to explain, it’s a bad idea.If the implementation is easy to explain, it may be a good idea.Namespaces are one honking great idea—let’s do more of those!
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3.1 Python’s Functions Are First-Class
Python’s functions are first-class objects. You can assign them to vari-ables, store them in data structures, pass them as arguments to otherfunctions, and even return them as values from other functions.
Grokking these concepts intuitively will make understanding ad-vanced features in Python like lambdas and decorators mucheasier. It also puts you on a path towards functional programmingtechniques.
Over the next few pages I’ll guide you through a number of examplesto help you develop this intuitive understanding. The examples willbuild on top of each other, so youmightwant to read them in sequenceand even to try out someof them in aPython interpreter session as yougo along.
Wrapping your head around the concepts we’ll be discussing heremight take a little longer than you’d expect. Don’t worry—that’scompletely normal. I’ve been there. You might feel like you’rebanging your head against the wall, and then suddenly things will“click” and fall into place when you’re ready.
Throughout this chapter I’ll be using this yell function for demon-stration purposes. It’s a simple toy example with easily recognizableoutput:
def yell(text):

return text.upper() + '!'

>>> yell('hello')
'HELLO!'

Functions Are Objects
All data in a Python program is represented by objects or relationsbetween objects.1 Things like strings, lists, modules, and functions

1cf. Python Docs: “Objects, values and types”
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3.1. Python’s Functions Are First-Class
are all objects. There’s nothing particularly special about functions inPython. They’re also just objects.
Because the yell function is an object in Python, you can assign it toanother variable, just like any other object:
>>> bark = yell

This line doesn’t call the function. It takes the function object refer-enced by yell and creates a second name, bark, that points to it. Youcould now also execute the same underlying function object by calling
bark:
>>> bark('woof')
'WOOF!'

Function objects and their names are two separate concerns. Here’smore proof: You can delete the function’s original name (yell). Sinceanother name (bark) still points to the underlying function, you canstill call the function through it:
>>> del yell

>>> yell('hello?')
NameError: "name 'yell' is not defined"

>>> bark('hey')
'HEY!'

By the way, Python attaches a string identifier to every function atcreation time for debugging purposes. You can access this internalidentifier with the __name__ attribute:2

2Since Python 3.3 there’s also __qualname__ which serves a similar purposeand provides a qualiпed name string to disambiguate function and class names(cf. PEP 3155).
59

https://www.python.org/dev/peps/pep-3155/


3.1. Python’s Functions Are First-Class

>>> bark.__name__
'yell'

Now, while the function’s __name__ is still “yell,” that doesn’t affecthow you can access the function object from your code. The nameidentifier is merely a debugging aid. A variable pointing to a functionand the function itself are really two separate concerns.
Functions Can Be Stored in Data Structures
Since functions are first-class citizens, you can store them in datastructures, just like you can with other objects. For example, you canadd functions to a list:
>>> funcs = [bark, str.lower, str.capitalize]
>>> funcs
[<function yell at 0x10ff96510>,
<method 'lower' of 'str' objects>,
<method 'capitalize' of 'str' objects>]

Accessing the function objects stored inside the list works like it wouldwith any other type of object:
>>> for f in funcs:
... print(f, f('hey there'))
<function yell at 0x10ff96510> 'HEY THERE!'
<method 'lower' of 'str' objects> 'hey there'
<method 'capitalize' of 'str' objects> 'Hey there'

You can even call a function object stored in the list without first as-signing it to a variable. You can do the lookup and then immediatelycall the resulting “disembodied” function objectwithin a single expres-sion:
>>> funcs[0]('heyho')
'HEYHO!'
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Functions Can Be Passed to Other Functions
Because functions are objects, you can pass them as arguments toother functions. Here’s a greet function that formats a greeting stringusing the function object passed to it and then prints it:
def greet(func):

greeting = func('Hi, I am a Python program')
print(greeting)

You can influence the resulting greeting by passing in different func-tions. Here’s what happens if you pass the bark function to greet:
>>> greet(bark)
'HI, I AM A PYTHON PROGRAM!'

Of course, you could also define a new function to generate a differ-ent flavor of greeting. For example, the following whisper functionmight work better if you don’t want your Python programs to soundlike Optimus Prime:
def whisper(text):

return text.lower() + '...'

>>> greet(whisper)
'hi, i am a python program...'

The ability to pass function objects as arguments to other functionsis powerful. It allows you to abstract away and pass around behav-ior in your programs. In this example, the greet function stays thesame but you can influence its output by passing in different greetingbehaviors.
Functions that can accept other functions as arguments are also calledhigher-order functions. They are a necessity for the functional pro-gramming style.
The classical example for higher-order functions in Python is the built-
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in map function. It takes a function object and an iterable, and thencalls the function on each element in the iterable, yielding the resultsas it goes along.
Here’s how you might format a sequence of greetings all at once bymapping the bark function to them:
>>> list(map(bark, ['hello', 'hey', 'hi']))
['HELLO!', 'HEY!', 'HI!']

As you saw, mapwent through the entire list and applied the bark func-tion to each element. As a result, we now have a new list object withmodified greeting strings.
Functions Can Be Nested
Perhaps surprisingly, Python allows functions to be defined insideother functions. These are often called nested functions or inner func-tions. Here’s an example:
def speak(text):

def whisper(t):
return t.lower() + '...'

return whisper(text)

>>> speak('Hello, World')
'hello, world...'

Now, what’s going on here? Every time you call speak, it defines anew inner function whisper and then calls it immediately after. Mybrain’s starting to itch just a little here but, all in all, that’s still rela-tively straightforward stuff.
Here’s the kicker though—whisper does not exist outside speak:
>>> whisper('Yo')
NameError:
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"name 'whisper' is not defined"

>>> speak.whisper
AttributeError:
"'function' object has no attribute 'whisper'"

But what if you really wanted to access that nested whisper functionfrom outside speak? Well, functions are objects—you can return theinner function to the caller of the parent function.
For example, here’s a function defining two inner functions. Depend-ing on the argument passed to top-level function, it selects and returnsone of the inner functions to the caller:
def get_speak_func(volume):

def whisper(text):
return text.lower() + '...'

def yell(text):
return text.upper() + '!'

if volume > 0.5:
return yell

else:
return whisper

Notice how get_speak_func doesn’t actually call any of its innerfunctions—it simply selects the appropriate inner function based onthe volume argument and then returns the function object:
>>> get_speak_func(0.3)
<function get_speak_func.<locals>.whisper at 0x10ae18>

>>> get_speak_func(0.7)
<function get_speak_func.<locals>.yell at 0x1008c8>

Of course, you could then go on and call the returned function, eitherdirectly or by assigning it to a variable name first:
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>>> speak_func = get_speak_func(0.7)
>>> speak_func('Hello')
'HELLO!'

Let that sink in for a second here… This means not only can functionsaccept behaviors through arguments but they can also return behav-iors. How cool is that?
You knowwhat, things are starting to get a little loopy here. I’m goingto take a quick coffee break before I continue writing (and I suggestyou do the same).
Functions Can Capture Local State
You just saw how functions can contain inner functions, and that it’seven possible to return these (otherwise hidden) inner functions fromthe parent function.
Best put on your seat belt now because it’s going to get a little crazierstill—we’re about to enter even deeper functional programming terri-tory. (You had that coffee break, right?)
Not only can functions return other functions, these inner functionscan also capture and carry some of the parent function’s state withthem. Well, what does that mean?
I’m going to slightly rewrite the previous get_speak_func exampleto illustrate this. The new version takes a “volume” and a “text” argu-ment right away to make the returned function immediately callable:
def get_speak_func(text, volume):

def whisper():
return text.lower() + '...'

def yell():
return text.upper() + '!'

if volume > 0.5:
return yell
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else:

return whisper

>>> get_speak_func('Hello, World', 0.7)()
'HELLO, WORLD!'

Take a good look at the inner functions whisper and yellnow. Noticehow they no longer have a text parameter? But somehow they canstill access the text parameter defined in the parent function. In fact,they seem to capture and “remember” the value of that argument.
Functions that do this are called lexical closures (or just closures, forshort). A closure remembers the values from its enclosing lexicalscope even when the program flow is no longer in that scope.
In practical terms, thismeans not only can functions return behaviorsbut they can also pre-conпgure those behaviors. Here’s another bare-bones example to illustrate this idea:
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def make_adder(n):
def add(x):

return x + n
return add

>>> plus_3 = make_adder(3)
>>> plus_5 = make_adder(5)

>>> plus_3(4)
7
>>> plus_5(4)
9

In this example, make_adder serves as a factory to create and config-ure “adder” functions. Notice how the “adder” functions can still ac-cess the n argument of the make_adder function (the enclosing scope).
Objects Can Behave Like Functions
While all functions are objects in Python, the reverse isn’t true. Ob-jects aren’t functions. But they can be made callable, which allowsyou to treat them like functions in many cases.
If an object is callable it means you can use the round parenthesesfunction call syntax on it and even pass in function call arguments.This is all powered by the __call__ dunder method.
Here’s an example of class defining a callable object:
class Adder:

def __init__(self, n):
self.n = n

def __call__(self, x):
return self.n + x

>>> plus_3 = Adder(3)
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>>> plus_3(4)
7

Behind the scenes, “calling” an object instance as a function attemptsto execute the object’s __call__method.
Of course, not all objects will be callable. That’s why there’s a built-in
callable function to check whether an object appears to be callableor not:
>>> callable(plus_3)
True
>>> callable(yell)
True
>>> callable('hello')
False

Key Takeaways
• Everything in Python is an object, including functions. You canassign them to variables, store them in data structures, and passor return them to and from other functions (first-class functions.)
• First-class functions allow you to abstract away and pass aroundbehavior in your programs.
• Functions can be nested and they can capture and carry some ofthe parent function’s state with them. Functions that do this arecalled closures.
• Objects can be made callable. In many cases this allows you totreat them like functions.
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3.2 Lambdas Are Single-ExpressionFunctions
The lambda keyword in Python provides a shortcut for declaringsmall anonymous functions. Lambda functions behave just likeregular functions declared with the def keyword. They can be usedwhenever function objects are required.
For example, this is how you’d define a simple lambda function carry-ing out an addition:
>>> add = lambda x, y: x + y
>>> add(5, 3)
8

You could declare the same add function with the def keyword, but itwould be slightly more verbose:
>>> def add(x, y):
... return x + y
>>> add(5, 3)
8

Now you might be wondering, “Why the big fuss about lambdas? Ifthey’re just a slightly more concise version of declaring functions with
def, what’s the big deal?”
Take a look at the following example and keep the words function ex-pression in your head while you do that:
>>> (lambda x, y: x + y)(5, 3)
8

Okay, what happened here? I just used lambda to define an “add”function inline and then immediately called it with the arguments 5and 3.
Conceptually, the lambda expression lambda x, y: x + y is the
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same as declaring a function with def, but just written inline. Thekey difference here is that I didn’t have to bind the function object toa name before I used it. I simply stated the expression I wanted tocompute as part of a lambda, and then immediately evaluated it bycalling the lambda expression like a regular function.
Before you move on, you might want to play with the previous codeexample a little to really let the meaning of it sink in. I still rememberthis taking me awhile to wrap my head around. So don’t worry aboutspending a fewminutes in an interpreter session on this. It’ll be worthit.
There’s another syntactic difference between lambdas and regularfunction definitions. Lambda functions are restricted to a singleexpression. This means a lambda function can’t use statements orannotations—not even a return statement.
How do you return values from lambdas then? Executing a lambdafunction evaluates its expression and then automatically returnsthe expression’s result, so there’s always an implicit return state-ment. That’s why some people refer to lambdas as single expressionfunctions.
Lambdas You Can Use
When should youuse lambda functions in your code? Technically, anytime you’re expected to supply a function object you can use a lambdaexpression. And because lambdas can be anonymous, you don’t evenneed to assign them to a name first.
This can provide a handy and “unbureaucratic” shortcut to defining afunction in Python. My most frequent use case for lambdas is writingshort and concise key funcs for sorting iterables by an alternate key:
>>> tuples = [(1, 'd'), (2, 'b'), (4, 'a'), (3, 'c')]
>>> sorted(tuples, key=lambda x: x[1])
[(4, 'a'), (2, 'b'), (3, 'c'), (1, 'd')]
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In the above example, we’re sorting a list of tuples by the second valuein each tuple. In this case, the lambda function provides a quick waytomodify the sort order. Here’s another sorting example you can playwith:
>>> sorted(range(-5, 6), key=lambda x: x * x)
[0, -1, 1, -2, 2, -3, 3, -4, 4, -5, 5]

Both examples I showed you have more concise implementations inPython using the built-in operator.itemgetter() and abs() func-tions. But I hope you can see how using a lambda gives you muchmore flexibility. Want to sort a sequence by some arbitrary computedkey? No problem. Now you know how to do it.
Here’s another interesting thing about lambdas: Just like regularnested functions, lambdas also work as lexical closures.
What’s a lexical closure? It’s just a fancy name for a function thatremembers the values from the enclosing lexical scope even when theprogram flow is no longer in that scope. Here’s a (fairly academic)example to illustrate the idea:
>>> def make_adder(n):
... return lambda x: x + n

>>> plus_3 = make_adder(3)
>>> plus_5 = make_adder(5)

>>> plus_3(4)
7
>>> plus_5(4)
9

In the above example, the x + n lambda can still access the value of neven though it was defined in the make_adder function (the enclosingscope).
Sometimes, using a lambda function instead of a nested function
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declared with the def keyword can express the programmer’s intentmore clearly. But to be honest, this isn’t a common occurrence—atleast not in the kind of code that I like to write. So let’s talk a littlemore about that.
But Maybe You Shouldn’t…
On the one hand, I’m hoping this chapter got you interested in explor-ing Python’s lambda functions. On the other hand, I feel like it’s timeto put up another caveat: Lambda functions should be used sparinglyand with extraordinary care.
I know I’ve written my fair share of code using lambdas that looked“cool” but were actually a liability for me and my coworkers. If you’retempted to use a lambda, spend a few seconds (or minutes) to thinkif it is really the cleanest and most maintainable way to achieve thedesired result.
For example, doing something like this to save two lines of code is justsilly. Sure, technically it works and it’s a nice enough “trick.” But it’salso going to confuse the next gal or guy that has to ship a bugfix undera tight deadline:
# Harmful:
>>> class Car:
... rev = lambda self: print('Wroom!')
... crash = lambda self: print('Boom!')

>>> my_car = Car()
>>> my_car.crash()
'Boom!'

I have similar feelings about complicated map() or filter() con-structs using lambdas. Usually it’s much cleaner to go with a listcomprehension or generator expression:
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# Harmful:
>>> list(filter(lambda x: x % 2 == 0, range(16)))
[0, 2, 4, 6, 8, 10, 12, 14]

# Better:
>>> [x for x in range(16) if x % 2 == 0]
[0, 2, 4, 6, 8, 10, 12, 14]

If you find yourself doing anything remotely complex with lambdaexpressions, consider defining a standalone function with a propername instead.
Saving a few keystrokes won’t matter in the long run, but your col-leagues (and your future self) will appreciate clean and readable codemore than terse wizardry.
Key Takeaways
• Lambda functions are single-expression functions that are not nec-essarily bound to a name (anonymous).
• Lambda functions can’t use regular Python statements and alwaysinclude an implicit return statement.
• Always ask yourself: Would using a regular (named) function or alist comprehension oоer more clarity?
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3.3 The Power of Decorators
At their core, Python’s decorators allow you to extend and modify thebehavior of a callable (functions, methods, and classes) without per-manently modifying the callable itself.
Any sufficiently generic functionality you can tack on to an existingclass or function’s behavior makes a great use case for decoration.This includes the following:
• logging
• enforcing access control and authentication
• instrumentation and timing functions
• rate-limiting
• caching, and more

Now, why should you master the use of decorators in Python? Afterall, what I just mentioned sounded quite abstract, and it might be dif-ficult to see howdecorators can benefit you in your day-to-daywork asa Python developer. Let me try to bring some clarity to this questionby giving you a somewhat real-world example:
Imagine you’ve got 30 functions with business logic in your report-generating program. One rainy Monday morning your boss walksup to your desk and says: “Happy Monday! Remember those TPSreports? I need you to add input/output logging to each step in thereport generator. XYZ Corp needs it for auditing purposes. Oh, and Itold them we can ship this by Wednesday.”
Depending on whether or not you’ve got a solid grasp on Python’s dec-orators, this request will either send your blood pressure spiking orleave you relatively calm.
Without decorators you might be spending the next three days scram-bling to modify each of those 30 functions and clutter them up withmanual logging calls. Fun times, right?
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If you do know your decorators however, you’ll calmly smile at yourboss and say: “Don’t worry Jim, I’ll get it done by 2pm today.”
Right after that you’ll type the code for a generic @audit_log decora-tor (that’s only about 10 lines long) and quickly paste it in front of eachfunction definition. Then you’ll commit your code and grab anothercup of coffee…
I’m dramatizing here, but only a little. Decorators can be that power-ful. I’d go as far as to say that understanding decorators is amilestonefor any serious Python programmer. They require a solid grasp of sev-eral advanced concepts in the language, including the properties ofпrst-class functions.
I believe that the payoп for understanding how decoratorswork in Python can be enormous.
Sure, decorators are relatively complicated to wrap your head aroundfor the first time, but they’re a highly useful feature that you’ll oftenencounter in third-party frameworks and the Python standard library.Explaining decorators is also a make or break moment for any goodPython tutorial. I’ll do my best here to introduce you to them step bystep.
Before you dive in however, now would be an excellent moment to re-fresh yourmemory on the properties of пrst-class functions in Python.There’s a chapter on them in this book, and I would encourage you totake a few minutes to review it. The most important “first-class func-tions” takeaways for understanding decorators are:
• Functions are objects—they can be assigned to variables andpassed to and returned from other functions
• Functions can be deрned inside other functions—and achild function can capture the parent function’s local state (lexicalclosures)

Alright, are you ready to do this? Let’s get started.
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Python Decorator Basics
Now, what are decorators really? They “decorate” or “wrap” anotherfunction and let you execute code before and after the wrapped func-tion runs.
Decorators allow you to define reusable building blocks that canchange or extend the behavior of other functions. And, they let youdo that without permanently modifying the wrapped function itself.The function’s behavior changes only when it’s decorated.
What might the implementation of a simple decorator look like? Inbasic terms, a decorator is a callable that takes a callable as input andreturns another callable.
The following function has that property and could be considered thesimplest decorator you could possibly write:
def null_decorator(func):

return func

As you can see, null_decorator is a callable (it’s a function), it takesanother callable as its input, and it returns the same input callablewithout modifying it.
Let’s use it to decorate (or wrap) another function:
def greet():

return 'Hello!'

greet = null_decorator(greet)

>>> greet()
'Hello!'

In this example, I’ve defined a greet function and then immediatelydecorated it by running it through the null_decorator function. Iknow this doesn’t look very useful yet. I mean, we specifically de-signed the null decorator to be useless, right? But in amoment this ex-
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ample will clarify how Python’s special-case decorator syntax works.
Instead of explicitly calling null_decorator on greet and then reas-signing the greet variable, you can use Python’s @ syntax for decorat-ing a function more conveniently:
@null_decorator
def greet():

return 'Hello!'

>>> greet()
'Hello!'

Putting an @null_decorator line in front of the function definition isthe same as defining the function first and then running through thedecorator. Using the @ syntax is just syntactic sugar and a shortcutfor this commonly used pattern.
Note that using the @ syntax decorates the function immediately atdefinition time. This makes it difficult to access the undecorated orig-inal without brittle hacks. Therefore you might choose to decoratesome functions manually in order to retain the ability to call the un-decorated function as well.
Decorators Can Modify Behavior
Now that you’re a little more familiar with the decorator syntax, let’swrite another decorator that actually does something andmodifies thebehavior of the decorated function.
Here’s a slightly more complex decorator which converts the result ofthe decorated function to uppercase letters:
def uppercase(func):

def wrapper():
original_result = func()
modified_result = original_result.upper()
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return modified_result

return wrapper

Instead of simply returning the input function like the null decora-tor did, this uppercase decorator defines a new function on the fly (aclosure) and uses it to wrap the input function in order to modify itsbehavior at call time.
The wrapper closure has access to the undecorated input function andit is free to execute additional code before and after calling the inputfunction. (Technically, it doesn’t even need to call the input functionat all.)
Note how, up until now, the decorated function has never been exe-cuted. Actually calling the input function at this point wouldn’t makeany sense—you’ll want the decorator to be able tomodify the behaviorof its input function when it eventually gets called.
You might want to let that sink in for a minute or two. I know howcomplicated this stuff can seem, but we’ll get it sorted out together, Ipromise.
Time to see the uppercase decorator in action. What happens if youdecorate the original greet function with it?
@uppercase
def greet():

return 'Hello!'

>>> greet()
'HELLO!'

I hope this was the result you expected. Let’s take a closer look at whatjust happened here. Unlike null_decorator, our uppercase decora-tor returns a diоerent function object when it decorates a function:
>>> greet
<function greet at 0x10e9f0950>
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>>> null_decorator(greet)
<function greet at 0x10e9f0950>

>>> uppercase(greet)
<function uppercase.<locals>.wrapper at 0x76da02f28>

And as you saw earlier, it needs to do that in order to modify the be-havior of the decorated function when it finally gets called. The up-
percase decorator is a function itself. And the only way to influencethe “future behavior” of an input function it decorates is to replace (orwrap) the input function with a closure.
That’s why uppercase defines and returns another function (the clo-sure) that can then be called at a later time, run the original inputfunction, and modify its result.
Decorators modify the behavior of a callable through a wrapper clo-sure so you don’t have to permanently modify the original. The orig-inal callable isn’t permanently modified—its behavior changes onlywhen decorated.
This lets you tack on reusable building blocks, like logging and otherinstrumentation, to existing functions and classes. It makes decora-tors such a powerful feature in Python that it’s frequently used in thestandard library and in third-party packages.
A Quick Intermission
By the way, if you feel like you need a quick coffee break or a walkaround the block at this point—that’s totally normal. In my opinionclosures and decorators are some of the most difficult concepts to un-derstand in Python.
Please, take your time and don’t worry about figuring this out imme-diately. Playing through the code examples in an interpreter sessionone by one often helps make things sink in.
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I know you can do it!
Applying Multiple Decorators to a Function
Perhaps not surprisingly, you can apply more than one decorator to afunction. This accumulates their effects and it’s what makes decora-tors so helpful as reusable building blocks.
Here’s an example. The following two decorators wrap the outputstring of the decorated function in HTML tags. By looking at how thetags are nested, you can seewhich order Python uses to applymultipledecorators:
def strong(func):

def wrapper():
return '<strong>' + func() + '</strong>'

return wrapper

def emphasis(func):
def wrapper():

return '<em>' + func() + '</em>'
return wrapper

Now let’s take these two decorators and apply them to our greet func-tion at the same time.
You can use the regular @ syntax for that and just “stack” multipledecorators on top of a single function:
@strong
@emphasis
def greet():

return 'Hello!'

What output do you expect to see if you run the decorated function?Will the @emphasis decorator add its <em> tag first, or does @stronghave precedence? Here’s what happens when you call the decoratedfunction:
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>>> greet()
'<strong><em>Hello!</em></strong>'

This clearly shows in what order the decorators were applied: frombottom to top. First, the input function was wrapped by the @em-
phasis decorator, and then the resulting (decorated) function gotwrapped again by the @strong decorator.
To help me remember this bottom to top order, I like to call this be-havior decorator stacking. You start building the stack at the bottomand then keep adding new blocks on top to work your way upwards.
If you break down the above example and avoid the @ syntax to applythe decorators, the chain of decorator function calls looks like this:
decorated_greet = strong(emphasis(greet))

Again, you can see that the emphasis decorator is applied first andthen the resulting wrapped function is wrapped again by the strongdecorator.
This also means that deep levels of decorator stacking will eventuallyhave an effect on performance because they keep adding nestedfunction calls. In practice, this usually won’t be a problem, butit’s something to keep in mind if you’re working on performance-intensive code that frequently uses decoration.
Decorating Functions That Accept Arguments
All examples so far only decorated a simple nullary greet functionthat didn’t take any arguments whatsoever. Up until now, the deco-rators you saw here didn’t have to deal with forwarding arguments tothe input function.
If you try to apply one of these decorators to a function that takesarguments, it will not work correctly. How do you decorate a functionthat takes arbitrary arguments?
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This is where Python’s *args and **kwargs feature3 for dealing withvariable numbers of arguments comes in handy. The following proxydecorator takes advantage of that:
def proxy(func):

def wrapper(*args, **kwargs):
return func(*args, **kwargs)

return wrapper

There are two notable things going on with this decorator:
• It uses the * and ** operators in the wrapper closure definition tocollect all positional and keyword arguments and stores them invariables (args and kwargs).
• The wrapper closure then forwards the collected arguments to theoriginal input function using the * and ** “argument unpacking”operators.

It’s a bit unfortunate that the meaning of the star and double-star op-erators is overloaded and changes depending on the context they’reused in, but I hope you get the idea.
Let’s expand the technique laid out by the proxydecorator into amoreuseful practical example. Here’s a trace decorator that logs functionarguments and results during execution time:
def trace(func):

def wrapper(*args, **kwargs):
print(f'TRACE: calling {func.__name__}() '

f'with {args}, {kwargs}')

original_result = func(*args, **kwargs)

print(f'TRACE: {func.__name__}() '
f'returned {original_result!r}')

3cf. ”Fun With *args and **kwargs” chapter
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return original_result
return wrapper

Decorating a function with trace and then calling it will print the ar-guments passed to the decorated function and its return value.
This is still somewhat of a “toy” example—but in a pinch it makes agreat debugging aid:
@trace
def say(name, line):

return f'{name}: {line}'

>>> say('Jane', 'Hello, World')
'TRACE: calling say() with ("Jane", "Hello, World"), {}'
'TRACE: say() returned "Jane: Hello, World"'
'Jane: Hello, World'

Speaking of debugging, there are some things you should keep inmindwhen debugging decorators.
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How toWrite “Debuggable” Decorators
When you use a decorator, really what you’re doing is replacing onefunction with another. One downside of this process is that it “hides”some of the metadata attached to the original (undecorated) function.
For example, the original function name, its docstring, and parameterlist are hidden by the wrapper closure:
def greet():

"""Return a friendly greeting."""
return 'Hello!'

decorated_greet = uppercase(greet)

If you try to access any of that function metadata, you’ll see the wrap-per closure’s metadata instead:
>>> greet.__name__
'greet'
>>> greet.__doc__
'Return a friendly greeting.'

>>> decorated_greet.__name__
'wrapper'
>>> decorated_greet.__doc__
None

This makes debugging and working with the Python interpreterawkward and challenging. Thankfully there’s a quick fix for this: the
functools.wraps decorator included in Python’s standard library.4
You can use functools.wraps in your own decorators to copy overthe lost metadata from the undecorated function to the decorator clo-sure.

4cf. Python Docs: “functools.wraps”
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Here’s an example:
import functools

def uppercase(func):
@functools.wraps(func)
def wrapper():

return func().upper()
return wrapper

Applying functools.wraps to the wrapper closure returned by thedecorator carries over the docstring and other metadata of the inputfunction:
@uppercase
def greet():

"""Return a friendly greeting."""
return 'Hello!'

>>> greet.__name__
'greet'
>>> greet.__doc__
'Return a friendly greeting.'

As a best practice, I’d recommend that you use functools.wraps inall of the decorators you write yourself. It doesn’t take much time andit will save you (and others) debugging headaches down the road.
Oh, and congratulations—you’ve made it all the way to the end ofthis complicated chapter and learned a whole lot about decorators inPython. Great job!
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Key Takeaways
• Decorators define reusable building blocks you can apply to acallable to modify its behavior without permanently modifyingthe callable itself.
• The @ syntax is just a shorthand for calling the decorator on an in-put function. Multiple decorators on a single function are appliedbottom to top (decorator stacking).
• As a debugging best practice, use the functools.wraps helper inyour own decorators to carry over metadata from the undecoratedcallable to the decorated one.
• Just like any other tool in the software development toolbox, dec-orators are not a cure-all and they should not be overused. It’simportant to balance the need to “get stuff done” with the goalof “not getting tangled up in a horrible, unmaintainable mess ofa code base.”
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3.4 FunWith *args and **kwargs

I once pair-programmed with a smart Pythonista who would exclaim“argh!” and “kwargh!” every time he typed out a function definitionwith optional or keyword parameters. We got along great otherwise.I guess that’s what programming in academia does to people eventu-ally.
Now, while easily mocked, *args and **kwargs parameters are nev-ertheless a highly useful feature in Python. And understanding theirpotency will make you a more effective developer.
So what are *args and **kwargs parameters used for? They allow afunction to accept optional arguments, so you can create flexible APIsin your modules and classes:
def foo(required, *args, **kwargs):

print(required)
if args:

print(args)
if kwargs:

print(kwargs)

The above function requires at least one argument called “required,”but it can accept extra positional and keyword arguments as well.
If we call the function with additional arguments, args will collectextra positional arguments as a tuple because the parameter namehas a * prefix.
Likewise, kwargswill collect extra keyword arguments as a dictionarybecause the parameter name has a ** prefix. Both args and kwargscan be empty if no extra arguments are passed to the function.
Aswe call the functionwith various combinations of arguments, you’llsee how Python collects them inside the args and kwargs parametersaccording to whether they’re positional or keyword arguments:
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>>> foo()
TypeError:
"foo() missing 1 required positional arg: 'required'"

>>> foo('hello')
hello

>>> foo('hello', 1, 2, 3)
hello
(1, 2, 3)

>>> foo('hello', 1, 2, 3, key1='value', key2=999)
hello
(1, 2, 3)
{'key1': 'value', 'key2': 999}

I want to make it clear that calling the parameters args and kwargs issimply a naming convention. The previous example would work justas well if you called them *parms and **argv. The actual syntax isjust the asterisk (*) or double asterisk (**), respectively.
However, I recommend that you stick with the accepted naming con-vention to avoid confusion. (And to get a chance to yell “argh!” and“kwargh!” every once in a while.)
Forwarding Optional or Keyword Arguments
It’s possible to pass optional or keyword parameters from one func-tion to another. You can do so by using the argument-unpacking op-erators * and ** when calling the function you want to forward argu-ments to.5
This also gives you an opportunity tomodify the arguments before youpass them along. Here’s an example:

5cf. “Function Argument Unpacking” chapter
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def foo(x, *args, **kwargs):
kwargs['name'] = 'Alice'
new_args = args + ('extra', )
bar(x, *new_args, **kwargs)

This technique can be useful for subclassing andwritingwrapper func-tions. For example, you can use it to extend the behavior of a parentclass without having to replicate the full signature of its constructorin the child class. This can be quite convenient if you’re working withan API that might change outside of your control:
class Car:

def __init__(self, color, mileage):
self.color = color
self.mileage = mileage

class AlwaysBlueCar(Car):
def __init__(self, *args, **kwargs):

super().__init__(*args, **kwargs)
self.color = 'blue'

>>> AlwaysBlueCar('green', 48392).color
'blue'

The AlwaysBlueCar constructor simply passes on all arguments toits parent class and then overrides an internal attribute. This meansif the parent class constructor changes, there’s a good chance that Al-
waysBlueCar would still function as intended.
The downside here is that the AlwaysBlueCar constructor now has arather unhelpful signature—we don’t knowwhat arguments it expectswithout looking up the parent class.
Typically you wouldn’t use this technique with your own class hierar-chies. The more likely scenario would be that you’ll want to modify oroverride behavior in some external class which you don’t control.
But this is always dangerous territory, so best be careful (or youmight
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soon have yet another reason to scream “argh!”).
One more scenario where this technique is potentially helpful iswriting wrapper functions such as decorators. There you typicallyalso want to accept arbitrary arguments to be passed through to thewrapped function.
And, if we can do it without having to copy and paste the original func-tion’s signature, that might be more maintainable:
def trace(f):

@functools.wraps(f)
def decorated_function(*args, **kwargs):

print(f, args, kwargs)
result = f(*args, **kwargs)
print(result)

return decorated_function

@trace
def greet(greeting, name):

return '{}, {}!'.format(greeting, name)

>>> greet('Hello', 'Bob')
<function greet at 0x1031c9158> ('Hello', 'Bob') {}
'Hello, Bob!'

With techniques like this one, it’s sometimes difficult to balance theidea of making your code explicit enough and yet adhere to the Don’tRepeat Yourself (DRY) principle.
This will always be a tough choice to make. If you can get a secondopinion from a colleague, I’d encourage you to ask for one.
Key Takeaways
• *args and **kwargs let you write functions with a variable num-ber of arguments in Python.
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• *args collects extra positional arguments as a tuple. **kwargscollects the extra keyword arguments as a dictionary.
• The actual syntax is * and **. Calling them args and kwargs isjust a convention (and one you should stick to).
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3.5 Function Argument Unpacking
A really cool but slightly arcane feature is the ability to “unpack” func-tion arguments from sequences and dictionaries with the * and **operators.
Let’s define a simple function to work with as an example:
def print_vector(x, y, z):

print('<%s, %s, %s>' % (x, y, z))

As you can see, this function takes three arguments (x, y, and z) andprints them in a nicely formatted way. We might use this function topretty-print 3-dimensional vectors in our program:
>>> print_vector(0, 1, 0)
<0, 1, 0>

Now depending on which data structure we choose to represent 3Dvectors with, printing them with our print_vector function mightfeel a little awkward. For example, if our vectors are represented astuples or lists wemust explicitly specify the index for each componentwhen printing them:
>>> tuple_vec = (1, 0, 1)
>>> list_vec = [1, 0, 1]
>>> print_vector(tuple_vec[0],

tuple_vec[1],
tuple_vec[2])

<1, 0, 1>

Using a normal function call with separate arguments seems unneces-sarily verbose and cumbersome. Wouldn’t it bemuchnicer if we couldjust “explode” a vector object into its three components and pass ev-erything to the print_vector function all at once?
(Of course, you could simply redefine print_vector so that it takesa single parameter representing a vector object—but for the sake of
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having a simple example, we’ll ignore that option for now.)
Thankfully, there’s a betterway to handle this situation in PythonwithFunction Argument Unpacking using the * operator:
>>> print_vector(*tuple_vec)
<1, 0, 1>
>>> print_vector(*list_vec)
<1, 0, 1>

Putting a * before an iterable in a function call will unpack it and passits elements as separate positional arguments to the called function.
This technique works for any iterable, including generator expres-sions. Using the * operator on a generator consumes all elementsfrom the generator and passes them to the function:
>>> genexpr = (x * x for x in range(3))
>>> print_vector(*genexpr)

Besides the * operator for unpacking sequences like tuples, lists, andgenerators into positional arguments, there’s also the ** operator forunpacking keyword arguments from dictionaries. Imagine our vectorwas represented as the following dict object:
>>> dict_vec = {'y': 0, 'z': 1, 'x': 1}

We could pass this dict to print_vector in much the same way usingthe ** operator for unpacking:
>>> print_vector(**dict_vec)
<1, 0, 1>

Because dictionaries are unordered, thismatches up dictionary valuesand function arguments based on the dictionary keys: the x argumentreceives the value associated with the 'x' key in the dictionary.
If you were to use the single asterisk (*) operator to unpack the dictio-
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nary, keys would be passed to the function in random order instead:
>>> print_vector(*dict_vec)
<y, x, z>

Python’s function argument unpacking feature gives you a lot of flex-ibility for free. Often this means you won’t have to implement a classfor a data type needed by your program. As a result, using simplebuilt-in data structures like tuples or lists will suffice and help reducethe complexity of your code.
Key Takeaways
• The * and ** operators can be used to “unpack” function argu-ments from sequences and dictionaries.
• Using argument unpacking effectively can help you write moreflexible interfaces for your modules and functions.
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3.6 Nothing to Return Here
Python adds an implicit return None statement to the end of anyfunction. Therefore, if a function doesn’t specify a return value, it re-turns None by default.
This means you can replace return None statements with bare re-
turn statements or even leave them out completely and still get thesame result:
def foo1(value):

if value:
return value

else:
return None

def foo2(value):
"""Bare return statement implies `return None`"""
if value:

return value
else:

return

def foo3(value):
"""Missing return statement implies `return None`"""
if value:

return value

All three functions properly return None if you pass them a falsy valueas the sole argument:
>>> type(foo1(0))
<class 'NoneType'>

>>> type(foo2(0))
<class 'NoneType'>
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>>> type(foo3(0))
<class 'NoneType'>

Now, when is it a good idea to use this feature in your own Pythoncode?
My rule of thumb is that if a functiondoesn’t have a return value (otherlanguageswould call this aprocedure), then Iwill leave out the returnstatement. Adding one would just be superfluous and confusing. Anexample for a procedure would be Python’s built-in print functionwhich is only called for its side-effects (printing text) and never for itsreturn value.
Let’s take a function like Python’s built-in sum. It clearly has a logicalreturn value, and typically sum wouldn’t get called only for its side-effects. Its purpose is to add a sequence of numbers together andthen deliver the result. Now, if a function does have a return valuefrom a logical point of view, then you need to decide whether to usean implicit return or not.
On the one hand, you could argue that omitting an explicit return
None statement makes the code more concise and therefore easier toread and understand. Subjectively, you might also say it makes thecode “prettier.”
On the other hand, it might surprise some programmers that Pythonbehaves this way. When it comes to writing clean and maintainablecode, surprising behavior is rarely a good sign.
For example, I’ve been using an “implicit return statement” in one ofthe code samples in an earlier revision of the book. I didn’t mentionwhat I was doing—I just wanted a nice short code sample to explainsome other feature in Python.
Eventually I started getting a steady stream of emails pointing me to“the missing return statement” in that code example. Python’s im-plicit return behavior was clearly not obvious to everybody and wasa distraction in this case. I added a note to make it clear what was
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going on, and the emails stopped.
Don’t getmewrong—I lovewriting clean and “beautiful” code asmuchas anyone. And I also used to feel strongly that programmers shouldknow the ins and outs of the language they’re working with.
But when you consider the maintenance impact of even such a simplemisunderstanding, it might make sense to lean towards writing moreexplicit and clear code. After all, code is communication.
Key Takeaways
• If a function doesn’t specify a return value, it returns None.Whether to explicitly return None is a stylistic decision.
• This is a core Python feature but your codemight communicate itsintent more clearly with an explicit return None statement.
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4.1 Object Comparisons: “is” vs “==”
When I was a kid, our neighbors had two twin cats. They looked seem-ingly identical—the same charcoal fur and the same piercing greeneyes. Some personality quirks aside, you couldn’t tell them apart justfrom looking at them. But of course, they were two different cats, twoseparate beings, even though they looked exactly the same.
That brings me to the difference in meaning between equal and iden-tical. And this difference is crucial to understanding how Python’s isand == comparison operators behave.
The == operator compares by checking for equality: if these cats werePython objects and we compared them with the == operator, we’d get“both cats are equal” as an answer.
The is operator, however, compares identities: if we compared ourcats with the is operator, we’d get “these are two different cats” as ananswer.
But before I get all tangled up in this ball-of-twine cat analogy, let’stake a look at some real Python code.
First, we’ll create a new list object and name it a, and then define an-other variable (b) that points to the same list object:
>>> a = [1, 2, 3]
>>> b = a

Let’s inspect these two variables. We can see that they point toidentical-looking lists:
>>> a
[1, 2, 3]
>>> b
[1, 2, 3]

Because the two list objects look the same, we’ll get the expected resultwhen we compare them for equality by using the == operator:
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>>> a == b
True

However, that doesn’t tell us whether a and b are actually pointing tothe same object. Of course, we know they are because we assignedthem earlier, but suppose we didn’t know—how might we find out?
The answer is to compare both variables with the is operator. Thisconfirms that both variables are in fact pointing to one list object:
>>> a is b
True

Let’s see what happens when we create an identical copy of our listobject. We can do that by calling list() on the existing list to createa copy we’ll name c:
>>> c = list(a)

Again you’ll see that the new list we just created looks identical to thelist object pointed to by a and b:
>>> c
[1, 2, 3]

Now this iswhere it gets interesting. Let’s compare our list copy cwiththe initial list a using the == operator. What answer do you expect tosee?
>>> a == c
True

Okay, I hope this was what you expected. What this result tells usis that c and a have the same contents. They’re considered equal byPython. But are they actually pointing to the same object? Let’s findout with the is operator:
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>>> a is c
False

Boom! This is where we get a different result. Python is telling usthat c and a are pointing to two different objects, even though theircontents might be the same.
So, to recap, let’s try and break down the difference between is and
== into two short definitions:
• An is expression evaluates to True if two variables point to thesame (identical) object.
• An == expression evaluates to True if the objects referred to by thevariables are equal (have the same contents).

Just remember to think of twin cats (dogs should work, too) wheneveryou need to decide between using is and == in Python. If you do that,you’ll be fine.
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4.2 String Conversion (Every ClassNeeds a __repr__)
When you define a custom class in Python and then try to print one ofits instances to the console (or inspect it in an interpreter session), youget a relatively unsatisfying result. The default “to string” conversionbehavior is basic and lacks detail:
class Car:

def __init__(self, color, mileage):
self.color = color
self.mileage = mileage

>>> my_car = Car('red', 37281)
>>> print(my_car)
<__console__.Car object at 0x109b73da0>
>>> my_car
<__console__.Car object at 0x109b73da0>

Bydefault all you get is a string containing the class nameand the id ofthe object instance (which is the object’smemory address inCPython.)That’s better than nothing, but it’s also not very useful.
You might find yourself trying to work around this by printing at-tributes of the class directly, or even by adding a custom to_string()method to your classes:
>>> print(my_car.color, my_car.mileage)
red 37281

The general idea here is the right one—but it ignores the conventionsand built-in mechanisms Python uses to handle how objects are rep-resented as strings.
Instead of building your own to-string conversion machinery, you’llbe better off adding the __str__ and __repr__ “dunder” methodsto your class. They are the Pythonic way to control how objects are
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converted to strings in different situations.1
Let’s take a look at how thesemethodswork in practice. To get started,we’re going to add a __str__method to the Car class we defined ear-lier:
class Car:

def __init__(self, color, mileage):
self.color = color
self.mileage = mileage

def __str__(self):
return f'a {self.color} car'

When you try printing or inspecting a Car instance now, you’ll get adifferent, slightly improved result:
>>> my_car = Car('red', 37281)
>>> print(my_car)
'a red car'
>>> my_car
<__console__.Car object at 0x109ca24e0>

Inspecting the car object in the console still gives us the previous re-sult containing the object’s id. But printing the object resulted in thestring returned by the __str__method we added.
__str__ is one of Python’s “dunder” (double-underscore) methodsand gets called when you try to convert an object into a string throughthe various means that are available:
>>> print(my_car)
a red car
>>> str(my_car)
'a red car'
>>> '{}'.format(my_car)

1cf. Python Docs: “The Python Data Model”
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'a red car'

With a proper __str__ implementation, you won’t have to worryabout printing object attributes directly or writing a separate
to_string() function. It’s the Pythonic way to control stringconversion.
By the way, some people refer to Python’s “dunder” methods as“magic methods.” But these methods are not supposed to be magicalin any way. The fact that these methods start and end in doubleunderscores is simply a naming convention to flag them as corePython features. It also helps avoid naming collisions with your ownmethods and attributes. The object constructor __init__ follows thesame convention, and there’s nothing magical or arcane about it.
Don’t be afraid to use Python’s dunder methods—they’re meant tohelp you.
__str__ vs __repr__
Now, our string conversion story doesn’t end there. Did you see howinspecting my_car in an interpreter session still gave that odd <Car
object at 0x109ca24e0> result?
This happened because there are actually two dunder methods thatcontrol how objects are converted to strings in Python 3. The first oneis __str__, and you just learned about it. The second one is __repr_-
_, and the way it works is similar to __str__, but it is used in differentsituations. (Python 2.x also has a __unicode__method that I’ll touchon a little later.)
Here’s a simple experiment you can use to get a feel for when __str_-
_ or __repr__ is used. Let’s redefine our car class so it contains bothto-string dunder methods with outputs that are easy to distinguish:
class Car:

def __init__(self, color, mileage):
self.color = color
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self.mileage = mileage

def __repr__(self):
return '__repr__ for Car'

def __str__(self):
return '__str__ for Car'

Now, when you play through the previous examples you can seewhichmethod controls the string conversion result in each case:
>>> my_car = Car('red', 37281)
>>> print(my_car)
__str__ for Car
>>> '{}'.format(my_car)
'__str__ for Car'
>>> my_car
__repr__ for Car

This experiment confirms that inspecting an object in a Python inter-preter session simply prints the result of the object’s __repr__.
Interestingly, containers like lists and dicts always use the result of
__repr__ to represent the objects they contain. Even if you call stron the container itself:
str([my_car])
'[__repr__ for Car]'

To manually choose between both string conversion methods, for ex-ample, to express your code’s intent more clearly, it’s best to use thebuilt-in str() and repr() functions. Using them is preferable overcalling the object’s __str__ or __repr__ directly, as it looks nicer andgives the same result:
>>> str(my_car)
'__str__ for Car'
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>>> repr(my_car)
'__repr__ for Car'

Even with this investigation complete, you might be wondering whatthe “real-world” difference is between __str__ and __repr__. Theyboth seem to serve the same purpose, so it might be unclear when touse each.
With questions like that, it’s usually a good idea to look into what thePython standard library does. Time to devise another experiment.We’ll create a datetime.date object and find out how it uses __-
repr__ and __str__ to control string conversion:
>>> import datetime
>>> today = datetime.date.today()

The result of the date object’s __str__ function should primarily bereadable. It’s meant to return a concise textual representation for hu-man consumption—something you’d feel comfortable displaying to auser. Therefore, we get something that looks like an ISO date formatwhen we call str() on the date object:
>>> str(today)
'2017-02-02'

With __repr__, the idea is that its result should be, above all, unam-biguous. The resulting string is intended more as a debugging aid fordevelopers. And for that it needs to be as explicit as possible aboutwhat this object is. That’s why you’ll get a more elaborate result call-ing repr() on the object. It even includes the full module and classname:
>>> repr(today)
'datetime.date(2017, 2, 2)'

We could copy and paste the string returned by __repr__ and executeit as valid Python to recreate the original date object. This is a neatapproach and a good goal to keep in mind while writing your own
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reprs.
On the other hand, I find that it is quite difficult to put into practice.Usually it won’t be worth the trouble and it’ll just create extra work foryou. My rule of thumb is to make my __repr__ strings unambiguousandhelpful for developers, but I don’t expect them to be able to restorean object’s complete state.
Why Every Class Needs a __repr__

If you don’t add a __str__method, Python falls back on the result of
__repr__ when looking for __str__. Therefore, I recommend thatyou always add at least a __repr__method to your classes. This willguarantee a useful string conversion result in almost all cases, with aminimum of implementation work.
Here’s how to add basic string conversion support to your classesquickly and efficiently. For our Car class we might start with thefollowing __repr__:
def __repr__(self):

return f'Car({self.color!r}, {self.mileage!r})'

Please note that I’m using the !r conversion flag to make sure theoutput string uses repr(self.color) and repr(self.mileage) in-stead of str(self.color) and str(self.mileage).
This works nicely, but one downside is that we’ve repeated the classname inside the format string. A trick you can use here to avoid thisrepetition is to use the object’s __class__.__name__ attribute, whichwill always reflect the class’ name as a string.
The benefit is youwon’t have tomodify the __repr__ implementationwhen the class name changes. This makes it easy to adhere to theDon’t Repeat Yourself (DRY) principle:
def __repr__(self):
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return (f'{self.__class__.__name__}('

f'{self.color!r}, {self.mileage!r})')

The downside of this implementation is that the format string is quitelong and unwieldy. But with careful formatting, you can keep the codenice and PEP 8 compliant.
With the above __repr__ implementation, we get a useful result whenwe inspect the object or call repr() on it directly:
>>> repr(my_car)
'Car(red, 37281)'

Printing the object or calling str() on it returns the same string be-cause the default __str__ implementation simply calls __repr__:
>>> print(my_car)
'Car(red, 37281)'
>>> str(my_car)
'Car(red, 37281)'

I believe this approach provides themost value with amodest amountof implementation work. It’s also a fairly cookie-cutter approach thatcan be applied without much deliberation. For this reason, I alwaystry to add a basic __repr__ implementation to my classes.
Here’s a complete example for Python 3, including an optional __-
str__ implementation:
class Car:

def __init__(self, color, mileage):
self.color = color
self.mileage = mileage

def __repr__(self):
return (f'{self.__class__.__name__}('

f'{self.color!r}, {self.mileage!r})')
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def __str__(self):
return f'a {self.color} car'

Python 2.x Diпerences: __unicode__
In Python 3 there’s one data type to represent text across the board:
str. It holds unicode characters and can representmost of theworld’swriting systems.
Python 2.x uses a different data model for strings.2 There are twotypes to represent text: str, which is limited to the ASCII characterset, and unicode, which is equivalent to Python 3’s str.
Due to this difference, there’s yet another dunder method in themix for controlling string conversion in Python 2: __unicode__.In Python 2, __str__ returns bytes, whereas __unicode__ returnscharacters.
For most intents and purposes, __unicode__ is the newer and pre-ferred method to control string conversion. There’s also a built-in
unicode() function to go along with it. It calls the respective dundermethod, similar to how str() and repr() work.
So far so good. Now, it gets a little more quirky when you look at therules for when __str__ and __unicode__ are called in Python 2:
The print statement and str() call __str__. The unicode() built-in calls __unicode__ if it exists, and otherwise falls back to __str_-
_ and decodes the result with the system text encoding.
Compared to Python 3, these special cases complicate the text conver-sion rules somewhat. But there is a way to simplify things again forpractical purposes. Unicode is the preferred and future-proof way ofhandling text in your Python programs.
So generally, what I would recommend you do in Python 2.x is to put

2cf. Python 2 Docs: “Data Model”
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all of your string formatting code inside the __unicode__method andthen create a stub __str__ implementation that returns the unicoderepresentation encoded as UTF-8:
def __str__(self):

return unicode(self).encode('utf-8')

The __str__ stub will be the same for most classes you write, so youcan just copy and paste it around as needed (or put it into a base classwhere itmakes sense). All of your string conversion code that ismeantfor non-developer use then lives in __unicode__.
Here’s a complete example for Python 2.x:
class Car(object):

def __init__(self, color, mileage):
self.color = color
self.mileage = mileage

def __repr__(self):
return '{}({!r}, {!r})'.format(

self.__class__.__name__,
self.color, self.mileage)

def __unicode__(self):
return u'a {self.color} car'.format(

self=self)

def __str__(self):
return unicode(self).encode('utf-8')

Key Takeaways
• You can control to-string conversion in your own classes using the
__str__ and __repr__ “dunder” methods.

• The result of __str__ should be readable. The result of __repr_-
_ should be unambiguous.
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• Always add a __repr__ to your classes. The default implementa-tion for __str__ just calls __repr__.
• Use __unicode__ instead of __str__ in Python 2.
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4.3 Deрning Your Own ExceptionClasses
When I started using Python, I was hesitant to write custom exceptionclasses in my code. But defining your own error types can be of greatvalue. You’ll make potential error cases stand out clearly, and as aresult, your functions and modules will become more maintainable.You can also use custom error types to provide additional debugginginformation.
All of this will improve your Python code and make it easier to under-stand, easier to debug, andmoremaintainable. Defining your own ex-ception classes is not that hardwhen you break it down to a few simpleexamples. In this chapter I’ll walk you through the main points youneed to remember.
Let’s say you wanted to validate an input string representing a per-son’s name in your application. A toy example for a name validatorfunction might look like this:
def validate(name):

if len(name) < 10:
raise ValueError

If the validation fails, it throws a ValueError exception. That seemsfitting and kind of Pythonic already. So far, so good.
However, there’s a downside to using a “high-level” generic exceptionclass like ValueError. Imagine one of your teammates calls this func-tion as part of a library and doesn’t know much about its internals.When a name fails to validate, it’ll look like this in the debug stacktrace:
>>> validate('joe')
Traceback (most recent call last):
File "<input>", line 1, in <module>

validate('joe')
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File "<input>", line 3, in validate

raise ValueError
ValueError

This stack trace isn’t really all that helpful. Sure, we know that some-thing went wrong and that the problem had to do with an “incorrectvalue” of sorts, but to be able to fix the problem your teammate almostcertainly has to look up the implementation of validate(). However,reading code costs time. And it can add up quickly.
Luckily we can do better. Let’s introduce a custom exception type torepresent a failed name validation. We’ll base our new exception classon Python’s built-in ValueError, butmake it speak for itself by givingit a more explicit name:
class NameTooShortError(ValueError):

pass

def validate(name):
if len(name) < 10:

raise NameTooShortError(name)

Now we have a “self-documenting” NameTooShortError exceptiontype that extends the built-in ValueError class. Generally, you’llwant to either derive your custom exceptions from the root Excep-
tion class or the other built-in Python exceptions like ValueErroror TypeError—whichever feels appropriate.
Also, see how we’re now passing the name variable to the constructorof our custom exception class whenwe instantiate it inside validate?The new implementation results in a much nicer stack trace for yourcolleague:
>>> validate('jane')
Traceback (most recent call last):
File "<input>", line 1, in <module>

validate('jane')
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File "<input>", line 3, in validate

raise NameTooShortError(name)
NameTooShortError: jane

Once again, try to put yourself in your teammate’s shoes. Custom ex-ception classes make it much easier to understand what’s going onwhen things go wrong (and eventually they always do).
The same is true even if you’re working on a code base all by yourself.A few weeks or months down the road you’ll have a much easier timemaintaining your code if it’s well-structured.
By spending just 30 seconds on defining a simple exception class, thiscode snippet became much more communicative already. But let’skeep going. There’s more to cover.
Whenever you’re publicly releasing a Python package, or even if you’recreating a reusable module for your company, it’s good practice tocreate a custom exception base class for the module and then deriveall of your other exceptions from it.
Here’s how to create a custom exception hierarchy for all exceptionsin a module or package. The first step is to declare a base class that allof our concrete errors will inherit from:
class BaseValidationError(ValueError):

pass

Now, all of our “real” error classes can be derived from the base errorclass. This gives a nice and clean exception hierarchy with little extraeffort:
class NameTooShortError(BaseValidationError):

pass

class NameTooLongError(BaseValidationError):
pass
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class NameTooCuteError(BaseValidationError):

pass

For example, this allows users of your package to write try…exceptstatements that can handle all of the errors from this package withouthaving to catch them manually:
try:

validate(name)
except BaseValidationError as err:

handle_validation_error(err)

People can still catch more specific exceptions that way, but if theydon’t want to, at least they won’t have to resort to snapping up allexceptions with a catchall except statement. This is generally consid-ered an anti-pattern—it can silently swallow andhide unrelated errorsand make your programs much harder to debug.
Of course you can take this idea further and logically group your ex-ceptions into fine grained sub-hierarchies. But be careful—it’s easy tointroduce unnecessary complexity by going overboard with this.
In conclusion, defining custom exception classes makes it easier foryour users to adopt an it’s easier to ask for forgiveness thanpermission(EAFP) coding style that’s considered more Pythonic.
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Key Takeaways
• Defining your own exception types will state your code’s intentmore clearly and make it easier to debug.
• Derive your custom exceptions from Python’s built-in Exceptionclass or from more specific exception classes like ValueError or
KeyError.

• You can use inheritance to define logically grouped exception hier-archies.
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4.4 Cloning Objects for Fun and Proрt
Assignment statements in Python do not create copies of objects, theyonly bind names to an object. For immutable objects, that usuallydoesn’t make a difference.
But forworkingwithmutable objects or collections ofmutable objects,you might be looking for a way to create “real copies” or “clones” ofthese objects.
Essentially, you’ll sometimeswant copies that you canmodifywithoutautomatically modifying the original at the same time. In this chapterI’m going to give you the rundown on how to copy or “clone” objectsin Python and some of the caveats involved.
Let’s start by looking at how to copy Python’s built-in collections.Python’s built-in mutable collections like lists, dicts, and sets can becopied by calling their factory functions on an existing collection:
new_list = list(original_list)
new_dict = dict(original_dict)
new_set = set(original_set)

However, this method won’t work for custom objects and, on top ofthat, it only creates shallow copies. For mutable collections like lists,dicts, and sets, there’s an important difference between shallow anddeep copying:
A shallow copy means constructing a new collection object and thenpopulating it with references to the child objects found in the original.In essence, a shallow copy is only one level deep. The copying processdoes not recurse and therefore won’t create copies of the child objectsthemselves.
A deep copy makes the copying process recursive. It means first con-structing a new collection object and then recursively populating itwith copies of the child objects found in the original. Copying an ob-ject this way walks the whole object tree to create a fully independent
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clone of the original object and all of its children.
I know, that was a bit of a mouthful. So let’s look at some examples todrive home this difference between deep and shallow copies.
Making Shallow Copies
In the example below, we’ll create a newnested list and then shallowlycopy it with the list() factory function:
>>> xs = [[1, 2, 3], [4, 5, 6], [7, 8, 9]]
>>> ys = list(xs) # Make a shallow copy

This means ys will now be a new and independent object with thesame contents as xs. You can verify this by inspecting both objects:
>>> xs
[[1, 2, 3], [4, 5, 6], [7, 8, 9]]
>>> ys
[[1, 2, 3], [4, 5, 6], [7, 8, 9]]

To confirm ys really is independent from the original, let’s devise alittle experiment. You could try and add a new sublist to the original(xs) and then check to make sure this modification didn’t affect thecopy (ys):
>>> xs.append(['new sublist'])
>>> xs
[[1, 2, 3], [4, 5, 6], [7, 8, 9], ['new sublist']]
>>> ys
[[1, 2, 3], [4, 5, 6], [7, 8, 9]]

As you can see, this had the expected effect. Modifying the copied listat a “superficial” level was no problem at all.
However, because we only created a shallow copy of the original list,
ys still contains references to the original child objects stored in xs.
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These children were not copied. They were merely referenced againin the copied list.
Therefore, when you modify one of the child objects in xs, this modi-fication will be reflected in ys as well—that’s because both lists sharethe same child objects. The copy is only a shallow, one level deep copy:
>>> xs[1][0] = 'X'
>>> xs
[[1, 2, 3], ['X', 5, 6], [7, 8, 9], ['new sublist']]
>>> ys
[[1, 2, 3], ['X', 5, 6], [7, 8, 9]]

In the above example we (seemingly) only made a change to xs. Butit turns out that both sublists at index 1 in xs and ys were modified.Again, this happened because we had only created a shallow copy ofthe original list.
Had we created a deep copy of xs in the first step, both objectswould’ve been fully independent. This is the practical differencebetween shallow and deep copies of objects.
Now you know how to create shallow copies of some of the built-incollection classes, and you know the difference between shallow anddeep copying. The questions we still want answers for are:
• How can you create deep copies of built-in collections?
• How can you create copies (shallow and deep) of arbitrary objects,including custom classes?

The answer to these questions lies in the copy module in the Pythonstandard library. Thismodule provides a simple interface for creatingshallow and deep copies of arbitrary Python objects.
Making Deep Copies
Let’s repeat the previous list-copying example, but with one impor-tant difference. This time we’re going to create a deep copy using the
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deepcopy() function defined in the copymodule instead:
>>> import copy
>>> xs = [[1, 2, 3], [4, 5, 6], [7, 8, 9]]
>>> zs = copy.deepcopy(xs)

When you inspect xs and its clone zs that we created with
copy.deepcopy(), you’ll see that they both look identical again—justlike in the previous example:
>>> xs
[[1, 2, 3], [4, 5, 6], [7, 8, 9]]
>>> zs
[[1, 2, 3], [4, 5, 6], [7, 8, 9]]

However, if you make a modification to one of the child objects in theoriginal object (xs), you’ll see that this modification won’t affect thedeep copy (zs).
Both objects, the original and the copy, are fully independent this time.
xs was cloned recursively, including all of its child objects:
>>> xs[1][0] = 'X'
>>> xs
[[1, 2, 3], ['X', 5, 6], [7, 8, 9]]
>>> zs
[[1, 2, 3], [4, 5, 6], [7, 8, 9]]

You might want to take some time to sit down with the Python inter-preter and play through these examples right about now. Wrappingyour head around copying objects is easier when you get to experienceand play with the examples firsthand.
By the way, you can also create shallow copies using a function in the
copy module. The copy.copy() function creates shallow copies ofobjects.
This is useful if you need to clearly communicate that you’re creat-
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ing a shallow copy somewhere in your code. Using copy.copy() letsyou indicate this fact. However, for built-in collections it’s consideredmore Pythonic to simply use the list, dict, and set factory functions tocreate shallow copies.
Copying Arbitrary Objects
The question we still need to answer is how do we create copies (shal-low and deep) of arbitrary objects, including custom classes. Let’stake a look at that now.
Again the copy module comes to our rescue. Its copy.copy() and
copy.deepcopy() functions can be used to duplicate any object.
Once again, the best way to understand how to use these is with asimple experiment. I’m going to base this on the previous list-copyingexample. Let’s start by defining a simple 2D point class:
class Point:

def __init__(self, x, y):
self.x = x
self.y = y

def __repr__(self):
return f'Point({self.x!r}, {self.y!r})'

I hope you agree that this was pretty straightforward. I added a _-
_repr__() implementation so that we can easily inspect objects cre-ated from this class in the Python interpreter.
Next up, we’ll create a Point instance and then (shallowly) copy it,using the copymodule:
>>> a = Point(23, 42)
>>> b = copy.copy(a)

If we inspect the contents of the original Point object and its (shallow)clone, we see what we’d expect:
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>>> a
Point(23, 42)
>>> b
Point(23, 42)
>>> a is b
False

Here’s something else to keep in mind. Because our point object usesimmutable types (ints) for its coordinates, there’s no difference be-tween a shallow and a deep copy in this case. But I’ll expand the ex-ample in a second.
Let’smove on to amore complex example. I’m going to define anotherclass to represent 2D rectangles. I’ll do it in a way that allows us tocreate amore complex object hierarchy—my rectangles will use Pointobjects to represent their coordinates:
class Rectangle:

def __init__(self, topleft, bottomright):
self.topleft = topleft
self.bottomright = bottomright

def __repr__(self):
return (f'Rectangle({self.topleft!r}, '

f'{self.bottomright!r})')

Again, first we’re going to attempt to create a shallow copy of a rectan-gle instance:
rect = Rectangle(Point(0, 1), Point(5, 6))
srect = copy.copy(rect)

If you inspect the original rectangle and its copy, you’ll see how nicelythe __repr__() override is working out, and that the shallow copyprocess worked as expected:

121



4.4. Cloning Objects for Fun and Profit
>>> rect
Rectangle(Point(0, 1), Point(5, 6))
>>> srect
Rectangle(Point(0, 1), Point(5, 6))
>>> rect is srect
False

Remember how the previous list example illustrated the differencebetween deep and shallow copies? I’m going to use the same approachhere. I’ll modify an object further down in the object hierarchy, andthen you’ll see this change reflected in the (shallow) copy as well:
>>> rect.topleft.x = 999
>>> rect
Rectangle(Point(999, 1), Point(5, 6))
>>> srect
Rectangle(Point(999, 1), Point(5, 6))

I hope this behaved how you expected it to. Next, I’ll create a deepcopy of the original rectangle. Then I’ll apply another modificationand you’ll see which objects are affected:
>>> drect = copy.deepcopy(srect)
>>> drect.topleft.x = 222
>>> drect
Rectangle(Point(222, 1), Point(5, 6))
>>> rect
Rectangle(Point(999, 1), Point(5, 6))
>>> srect
Rectangle(Point(999, 1), Point(5, 6))

Voila! This time the deep copy (drect) is fully independent of theoriginal (rect) and the shallow copy (srect).
We’ve covered a lot of ground here, and there are still some finerpoints to copying objects.
It pays to go deep (ha!) on this topic, so you may want to study up
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on the copymodule documentation,3 and possibly even the module’ssource code.4 For example, objects can control how they’re copied bydefining the special methods __copy__() and __deepcopy__() onthem. Have fun!
Key Takeaways
• Making a shallow copy of an object won’t clone child objects.Therefore, the copy is not fully independent of the original.
• A deep copy of an object will recursively clone child objects. Theclone is fully independent of the original, but creating a deep copyis slower.
• You can copy arbitrary objects (including custom classes) with the
copymodule.
3cf. Python docs: “Shallow and deep copy operations”4cf. CPython source code: “Lib/copy.py”
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4.5 Abstract Base Classes KeepInheritance in Check
Abstract Base Classes (ABCs) ensure that derived classes implementparticular methods from the base class. In this chapter you’ll learnabout the benefits of abstract base classes and how to define themwithPython’s built-in abcmodule.
So what are Abstract Base Classes good for? A while ago I had a dis-cussion at work about which pattern to use for implementing a main-tainable class hierarchy in Python. More specifically, the goal wasto define a simple class hierarchy for a service backend in the mostprogrammer-friendly and maintainable way.
We had a BaseService class that defined a common interface and sev-eral concrete implementations. The concrete implementations do dif-ferent things but all of themprovide the same interface (MockService,
RealService, and so on). To make this relationship explicit, the con-crete implementations all subclass BaseService.
To make this code as maintainable and programmer-friendly as pos-sible we wanted to make sure that:
• instantiating the base class is impossible; and
• forgetting to implement interfacemethods in one of the subclassesraises an error as early as possible.

Now why would you want to use Python’s abc module to solve thisproblem? The above design is pretty common in more complex sys-tems. To enforce that a derived class implements a number of meth-ods from the base class, something like this Python idiom is typicallyused:
class Base:

def foo(self):
raise NotImplementedError()
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def bar(self):

raise NotImplementedError()

class Concrete(Base):
def foo(self):

return 'foo() called'

# Oh no, we forgot to override bar()...
# def bar(self):
# return "bar() called"

So, what dowe get from this first attempt at solving the problem? Call-ing methods on an instance of Base correctly raises NotImplement-
edError exceptions:
>>> b = Base()
>>> b.foo()
NotImplementedError

Furthermore, instantiating and using Concrete works as expected.And, if we call an unimplemented method like bar() on it, this alsoraises an exception:
>>> c = Concrete()
>>> c.foo()
'foo() called'
>>> c.bar()
NotImplementedError

This first implementation is decent, but it isn’t perfect yet. The down-sides here are that we can still:
• instantiate Base just fine without getting an error; and
• provide incomplete subclasses—instantiating Concrete will notraise an error until we call the missing method bar().
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With Python’s abc module that was added in Python 2.6,5 we can dobetter and solve these remaining issues. Here’s an updated implemen-tation using an Abstract Base Class defined with the abcmodule:
from abc import ABCMeta, abstractmethod

class Base(metaclass=ABCMeta):
@abstractmethod
def foo(self):

pass

@abstractmethod
def bar(self):

pass

class Concrete(Base):
def foo(self):

pass

# We forget to declare bar() again...

This still behaves as expected and creates the correct class hierarchy:
assert issubclass(Concrete, Base)

Yet, we do get another very useful benefit here. Subclasses of Baseraise a TypeError at instantiation time whenever we forget to im-plement any abstract methods. The raised exception tells us whichmethod or methods we’re missing:
>>> c = Concrete()
TypeError:
"Can't instantiate abstract class Concrete
with abstract methods bar"

Without abc, we’d only get a NotImplementedError if a missing
5cf. Python Docs: abcmodule
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method was actually called. Being notified about missing methods atinstantiation time is a great advantage. It makes it more difficult towrite invalid subclasses. This might not be a big deal if you’re writingnew code, but a few weeks or months down the line, I promise it’ll behelpful.
This pattern is not a full replacement for compile-time type checking,of course. However, I found it often makes my class hierarchies morerobust and more readily maintainable. Using ABCs states the pro-grammer’s intent clearly and thus makes the code more communica-tive. I’d encourage you to read the abc module documentation andto keep an eye out for situations where applying this pattern makessense.
Key Takeaways
• Abstract Base Classes (ABCs) ensure that derived classes imple-ment particular methods from the base class at instantiation time.
• Using ABCs can help avoid bugs andmake class hierarchies easierto maintain.
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4.6 What Namedtuples Are Good For
Python comes with a specialized “namedtuple” container type thatdoesn’t seem to get the attention it deserves. It’s one of those amazingfeatures in Python that’s hidden in plain sight.
Namedtuples can be a great alternative to defining a class manually,and they have some other interesting features that I want to introduceyou to in this chapter.
Now, what’s a namedtuple and what makes it so special? A good wayto think about namedtuples is to view them as an extension of thebuilt-in tuple data type.
Python’s tuples are a simple data structure for grouping arbitraryobjects. Tuples are also immutable—they cannot be modified oncethey’ve been created. Here’s a brief example:
>>> tup = ('hello', object(), 42)
>>> tup
('hello', <object object at 0x105e76b70>, 42)
>>> tup[2]
42
>>> tup[2] = 23
TypeError:
"'tuple' object does not support item assignment"

One downside of plain tuples is that the data you store in them canonly be pulled out by accessing it through integer indexes. You can’tgive names to individual properties stored in a tuple. This can impactcode readability.
Also, a tuple is always an ad-hoc structure. It’s hard to ensure that twotuples have the same number of fields and the same properties storedon them. This makes it easy to introduce “slip-of-the-mind” bugs bymixing up the field order.
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Namedtuples to the Rescue
Namedtuples aim to solve these two problems.
First of all, namedtuples are immutable containers, just like regulartuples. Once you store data in top-level attribute on a namedtuple,you can’t modify it by updating the attribute. All attributes on anamedtuple object follow the “write once, read many” principle.
Besides that, namedtuples are, well…named tuples. Each objectstored in them can be accessed through a unique (human-readable)identifier. This frees you from having to remember integer indexes,or resorting to workarounds like defining integer constants asmnemonics for your indexes.
Here’s what a namedtuple looks like:
>>> from collections import namedtuple
>>> Car = namedtuple('Car' , 'color mileage')

Namedtuples were added to the standard library in Python 2.6. Touse them, you need to import the collectionsmodule. In the aboveexample, I defined a simple Car data type with two fields: color and
mileage.
You might be wondering why I’m passing the string 'Car' as the firstargument to the namedtuple factory function in this example.
This parameter is referred to as the “typename” in the Python docs.It’s the name of the new class that’s being created by calling the
namedtuple function.
Since namedtuple has no way of knowing what the name of the vari-able is we’re assigning the resulting class to, we need to explicitly tellit which class name we want to use. The class name is used in thedocstring and the __repr__ implementation that namedtuple auto-matically generates for us.
And there’s another syntactic oddity in this example—why are we
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passing the fields as a string that encodes their names as 'color
mileage'?
The answer is that namedtuple’s factory function calls split() on thefield names string to parse it into a list of field names. So this is reallyjust a shorthand for the following two steps:
>>> 'color mileage'.split()
['color', 'mileage']
>>> Car = namedtuple('Car', ['color', 'mileage'])

Of course, you can also pass in a list with string field names directly ifyou prefer how that looks. The advantage of using a proper list is thatit’s easier to reformat this code if you need to split it across multiplelines:
>>> Car = namedtuple('Car', [
... 'color',
... 'mileage',
... ])

Whatever you decide, you can now create new “car” objects with the
Car factory function. It behaves as if you had defined a Car class man-ually and given it a constructor accepting a “color” and a “mileage”value:
>>> my_car = Car('red', 3812.4)
>>> my_car.color
'red'
>>> my_car.mileage
3812.4

Besides accessing the values stored in a namedtuple by their identi-fiers, you can still access them by their index. That way, namedtuplescan be used as a drop-in replacement for regular tuples:
>>> my_car[0]
'red'
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>>> tuple(my_car)
('red', 3812.4)

Tuple unpacking and the *-operator for function argument unpackingalso work as expected:
>>> color, mileage = my_car
>>> print(color, mileage)
red 3812.4
>>> print(*my_car)
red 3812.4

You’ll even get a nice string representation for your namedtuple objectfor free, which saves some typing and verbosity:
>>> my_car
Car(color='red' , mileage=3812.4)

Like tuples, namedtuples are immutable. When you try to overwriteone of their fields, you’ll get an AttributeError exception:
>>> my_car.color = 'blue'
AttributeError: "can't set attribute"

Namedtuple objects are implemented as regular Python classes inter-nally. When it comes to memory usage, they are also “better” thanregular classes and just as memory efficient as regular tuples.
A good way to view them is to think that namedtuples are a memory-eсcient shortcut to deпning an immutable class in Python manually.
Subclassing Namedtuples
Since they are built on top of regular Python classes, you can evenadd methods to a namedtuple object. For example, you can extenda namedtuple’s class like any other class and add methods and newproperties to it that way. Here’s an example:
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Car = namedtuple('Car', 'color mileage')

class MyCarWithMethods(Car):
def hexcolor(self):

if self.color == 'red':
return '#ff0000'

else:
return '#000000'

We can now create MyCarWithMethods objects and call their hex-
color()method, just as expected:
>>> c = MyCarWithMethods('red', 1234)
>>> c.hexcolor()
'#ff0000'

However, this might be a little clunky. It might be worth doing if youwant a classwith immutable properties, but it’s also easy to shoot your-self in the foot here.
For example, adding a new immutable field is tricky because of hownamedtuples are structured internally. The easiest way to create hier-archies of namedtuples is to use the base tuple’s _fields property:
>>> Car = namedtuple('Car', 'color mileage')
>>> ElectricCar = namedtuple(
... 'ElectricCar', Car._fields + ('charge',))

This gives the desired result:
>>> ElectricCar('red', 1234, 45.0)
ElectricCar(color='red', mileage=1234, charge=45.0)

Built-in Helper Methods
Besides the _fields property, each namedtuple instance also pro-vides a few more helper methods you might find useful. Their namesall start with a single underscore character (_) which usually signals
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that amethod or property is “private” and not part of the stable publicinterface of a class or module.
With namedtuples, the underscore naming convention has a differentmeaning though. These helper methods and properties are part ofnamedtuple’s public interface. The helpers were named that way toavoid naming collisions with user-defined tuple fields. So go aheadand use them if you need them!
I want to show you a few scenarios where the namedtuple helpermethods might come in handy. Let’s start with the _asdict() helpermethod. It returns the contents of a namedtuple as a dictionary:
>>> my_car._asdict()
OrderedDict([('color', 'red'), ('mileage', 3812.4)])

This is great for avoiding typos in the field names when generatingJSON-output, for example:
>>> json.dumps(my_car._asdict())
'{"color": "red", "mileage": 3812.4}'

Another useful helper is the _replace() function. It creates a (shal-low) copy of a tuple and allows you to selectively replace some of itsfields:
>>> my_car._replace(color='blue')
Car(color='blue', mileage=3812.4)

Lastly, the _make() classmethod can be used to create new instancesof a namedtuple from a sequence or iterable:
>>> Car._make(['red', 999])
Car(color='red', mileage=999)
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When to Use Namedtuples
Namedtuples can be an easy way to clean up your code and to make itmore readable by enforcing a better structure for your data.
For example, I find that going from ad-hoc data types like dictionarieswith a fixed format to namedtuples helps me express my intentionsmore clearly. Often when I attempt this refactoring I magically comeup with a better solution for the problem I’m facing.
Using namedtuples over unstructured tuples and dicts can also makemy coworkers’ lives easier because they make the data being passedaround “self-documenting” (to a degree).
On the other hand, I try not to use namedtuples for their own sake ifthey don’t help me write “cleaner” and more maintainable code. Likemany other techniques shown in this book, sometimes there can betoo much of a good thing.
However, if you use them with care, namedtuples can undoubtedlymake your Python code better and more expressive.
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Key Takeaways
• collection.namedtuple is a memory-efficient shortcut to man-ually define an immutable class in Python.
• Namedtuples can help clean up your code by enforcing an easier-to-understand structure on your data.
• Namedtuples provide a few useful helper methods that all startwith a single underscore, but are part of the public interface. It’sokay to use them.
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4.7 Class vs Instance Variable Pitfalls
Besides making a distinction between class methods and instancemethods, Python’s object model also distinguishes between class andinstances variables.
It’s an important distinction, but also one that caused me troubleas a new Python developer. For a long time I didn’t invest the timeneeded to understand these concepts from the ground up. And so myearly OOP experiments were riddled with surprising behaviors andodd bugs. In this chapter we’ll clear up any lingering confusion aboutthis topic with some hands-on examples.
Like I said, there are two kinds of data attributes on Python objects:class variables and instance variables.
Class variables are declared inside the class definition (but outsideof any instance methods). They’re not tied to any particular instanceof a class. Instead, class variables store their contents on the classitself, and all objects created froma particular class share access to thesame set of class variables. This means, for example, that modifyinga class variable affects all object instances at the same time.
Instance variables are always tied to a particular object instance.Their contents are not stored on the class, but on each individual ob-ject created from the class. Therefore, the contents of an instance vari-able are completely independent from one object instance to the next.And so,modifying an instance variable only affects one object instanceat a time.
Okay, this was fairly abstract—time to look at some code! Let’s bustout the old “dog example”… For some reason, OOP-tutorials alwaysuse cars or pets to illustrate their point, and it’s hard to break withthat tradition.
What does a happy dog need? Four legs and a name:
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class Dog:
num_legs = 4 # <- Class variable

def __init__(self, name):
self.name = name # <- Instance variable

Alright, that’s a neat object-oriented representation of the dog situa-tion I just described. Creating new Dog instances works as expected,and they each get an instance variable called name:
>>> jack = Dog('Jack')
>>> jill = Dog('Jill')
>>> jack.name, jill.name
('Jack', 'Jill')

There’s a little more flexibility when it comes to class variables. Youcan access the num_legs class variable either directly on each Dog in-stance or on the class itself :
>>> jack.num_legs, jill.num_legs
(4, 4)
>>> Dog.num_legs
4

However, if you try to access an instance variable through the class,it’ll fail with an AttributeError. Instance variables are specific toeach object instance and are created when the __init__ constructorruns—they don’t even exist on the class itself.
This is the central distinction between class and instance variables:
>>> Dog.name
AttributeError:
"type object 'Dog' has no attribute 'name'"

Alright, so far so good.
Let’s say that Jack theDog gets a little too close to themicrowavewhen
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he eats his dinner oneday—andhe sprouts an extra pair of legs. How’dyou represent that in the little code sandbox we’ve got so far?
The first idea for a solution might be to simply modify the num_-
legs variable on the Dog class:
>>> Dog.num_legs = 6

But remember, we don’t want all dogs to start scurrying around onsix legs. So now we’ve just turned every dog instance in our little uni-verse into Super Dog because we’ve modified a class variable. Andthis affects all dogs, even those created previously:
>>> jack.num_legs, jill.num_legs
(6, 6)

So that didn’t work. The reason it didn’t work is thatmodifying a classvariable on the class namespace affects all instances of the class. Let’sroll back the change to the class variable and instead try to give anextra pair o’ legs specifically to Jack only:
>>> Dog.num_legs = 4
>>> jack.num_legs = 6

Now, what monstrosities did this create? Let’s find out:
>>> jack.num_legs, jill.num_legs, Dog.num_legs
(6, 4, 4)

Okay, this looks “pretty good” (aside from the fact that we just gavepoor Jack some extra legs). But how did this change actually affectour Dog objects?
You see, the trouble here is that while we got the result we wanted (ex-tra legs for Jack), we introduced a num_legs instance variable to theJack instance. And now the new num_legs instance variable “shad-ows” the class variable of the same name, overriding and hiding itwhen we access the object instance scope:
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>>> jack.num_legs, jack.__class__.num_legs
(6, 4)

As you can see, the class variables seemingly got out of sync. This hap-pened because writing to jack.num_legs created an instance vari-able with the same name as the class variable.
This isn’t necessarily bad, but it’s important to be aware of what hap-pened here, behind the scenes. Before I finally understood class-leveland instance-level scope in Python, this was a great avenue for bugsto slip into my programs.
To tell you the truth, trying to modify a class variable through an ob-ject instance—which then accidentally creates an instance variable ofthe same name, shadowing the original class variable—is a bit of anOOP pitfall in Python.
A Dog-free Example
While no dogs were harmed in the making of this chapter (it’s all funand games until someone sprouts and extra pair of legs), I wanted togive you one more practical example of the useful things you can dowith class variables. Something that’s a little closer to the real-worldapplications for class variables.
So here it is. The following CountedObject class keeps track of howmany times it was instantiated over the lifetime of a program (whichmight actually be an interesting performance metric to know):
class CountedObject:

num_instances = 0

def __init__(self):
self.__class__.num_instances += 1

CountedObject keeps a num_instances class variable that serves asa shared counter. When the class is declared, it initializes the counterto zero and then leaves it alone.
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Every time you create a new instance of this class, it increments theshared counter by one when the __init__ constructor runs:
>>> CountedObject.num_instances
0
>>> CountedObject().num_instances
1
>>> CountedObject().num_instances
2
>>> CountedObject().num_instances
3
>>> CountedObject.num_instances
3

Notice how this code needs to jump through a little hoop tomake sureit increments the counter variable on the class. It would’ve been aneasy mistake to make if I had written the constructor as follows:
# WARNING: This implementation contains a bug

class BuggyCountedObject:
num_instances = 0

def __init__(self):
self.num_instances += 1 # !!!

As you’ll see, this (bad) implementation never increments the sharedcounter variable:
>>> BuggyCountedObject.num_instances
0
>>> BuggyCountedObject().num_instances
1
>>> BuggyCountedObject().num_instances
1
>>> BuggyCountedObject().num_instances
1
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>>> BuggyCountedObject.num_instances
0

I’m sure you can see where I went wrong now. This (buggy) imple-mentation never increments the shared counter because I made themistake I explained in the “Jack the Dog” example earlier.
This implementation won’t work because I accidentally “shadowed”the num_instance class variable by creating an instance variable ofthe same name in the constructor.
It correctly calculates the new value for the counter (going from0 to 1),but then stores the result in an instance variable—which means otherinstances of the class never even see the updated counter value.
As you can see, that’s quite an easymistake tomake. It’s a good idea tobe careful and double-check your scoping when dealing with sharedstate on a class. Automated tests and peer reviews help greatly withthat.
Nevertheless, I hope you can seewhy andhow class variables—despitetheir pitfalls—can be useful tools in practice. Good luck!
Key Takeaways
• Class variables are for data shared by all instances of a class. Theybelong to a class, not a specific instance and are shared among allinstances of a class.
• Instance variables are for data that is unique to each instance.They belong to individual object instances and are not sharedamong the other instances of a class. Each instance variable getsa unique backing store specific to the instance.
• Because class variables can be “shadowed” by instance variables ofthe same name, it’s easy to (accidentally) override class variablesin a way that introduces bugs and odd behavior.
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4.8 Instance, Class, and Static MethodsDemystiрed
In this chapter you’ll see what’s behind class methods, static methods,and regular instance methods in Python.
If you develop an intuitive understanding for their differences, you’llbe able to write object-oriented Python that communicates its intentmore clearly and will be easier to maintain in the long run.
Let’s begin bywriting a (Python3) class that contains simple examplesfor all three method types:
class MyClass:

def method(self):
return 'instance method called', self

@classmethod
def classmethod(cls):

return 'class method called', cls

@staticmethod
def staticmethod():

return 'static method called'

Note for Python 2 users: The @staticmethod and @classmethod dec-orators are available as of Python 2.4 and so this example will workas is. Instead of using a plain class MyClass declaration, you mightchoose to declare a new-style class inheriting from object with the
class MyClass(object) syntax. But other than that, you’re golden!
Instance Methods
The first method on MyClass, called method, is a regular instancemethod. That’s the basic, no-frills method type you’ll use most ofthe time. You can see the method takes one parameter, self, whichpoints to an instance of MyClass when the method is called. But of
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course, instance methods can accept more than just one parameter.
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, instance methods can alsoaccess the class itself through the self.__class__ attribute. Thismeans instance methods can also modify class state.
Class Methods
Let’s compare that to the second method, MyClass.classmethod. Imarked this method with a @classmethod6 decorator to flag it as aclass method.
Instead of accepting a self parameter, class methods take a cls pa-rameter that points to the class—and not the object instance—whenthe method is called.
Since 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, MyClass.staticmethod was marked with a
@staticmethod7 decorator to flag it as a static method.
This type of method doesn’t take a self or a cls parameter, although,of course, it can be made to accept an arbitrary number of other pa-rameters.
As a result, a static method cannot modify object state or class state.Static methods are restricted in what data they can access—they’re

6cf. Python Docs: “@classmethod”7cf. Python Docs: “@staticmethod”
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primarily a way to namespace your methods.
Let’s See Them in Action!
I know this discussion has been fairly theoretical up to this point. Ialso believe it’s important that you develop an intuitive understandingfor how thesemethod types differ in practice. That’s why we’ll go oversome concrete examples now.
Let’s take a look at how these methods behave in action when we callthem. We’ll start by creating an instance of the class and then callingthe three different methods on it.
MyClasswas set up in such a way that eachmethod’s implementationreturns a tuple containing information we can use to trace what’s go-ing on and which parts of the class or object that method can access.
Here’s what happens when we call an instance method:
>>> obj = MyClass()
>>> obj.method()
('instance method called', <MyClass instance at 0x11a2>)

This confirms that, in this case, the instance method called methodhas access to the object instance (printed as <MyClass instance>)via the self argument.
When the method is called, Python replaces the self argument withthe instance object, obj. We could ignore the syntactic sugar pro-vided by the obj.method() dot-call syntax and pass the instance ob-ject manually to get the same result:
>>> MyClass.method(obj)
('instance method called', <MyClass instance at 0x11a2>)

By the way, instance methods can also access the class itself throughthe self.__class__ attribute. This makes instance methods power-ful in terms of access restrictions—they can freely modify state on the
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object instance and on the class itself.
Let’s try out the class method next:
>>> obj.classmethod()
('class method called', <class MyClass at 0x11a2>)

Calling classmethod() showed us that it doesn’t have access to the
<MyClass instance> object, but only to the <class MyClass> object,representing the class itself (everything in Python is an object, evenclasses themselves).
Notice how Python automatically passes the class as the first argu-ment to the function when we call MyClass.classmethod(). Callingamethod in Python through the dot syntax triggers this behavior. The
self parameter on instance methods works the same way.
Please note that naming these parameters self and cls is just a con-vention. You could just as easily name them the_object and the_-
class and get the same result. All that matters is that they’re posi-tioned first in the parameter list for that particular method.
Time to call the static method now:
>>> obj.staticmethod()
'static method called'

Did you see how we called staticmethod() on the object and wereable to do so successfully? Some developers are surprised when theylearn that 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 a static methodgets called using the dot syntax.
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’ (and every instance’s) namespace.
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Now, let’s take a look at what happens when we attempt to call thesemethods on the class itself, without creating an object instance before-hand:
>>> MyClass.classmethod()
('class method called', <class MyClass at 0x11a2>)

>>> MyClass.staticmethod()
'static method called'

>>> MyClass.method()
TypeError: """unbound method method() must

be called with MyClass instance as first
argument (got nothing instead)"""

We were able to call classmethod() and staticmethod() just fine,but attempting to call the instance method method() failed with a
TypeError.
This is to be expected. This time we didn’t create an object instanceand tried calling an instance function directly on the class blueprintitself. This means there is no way for Python to populate the selfargument and therefore the call fails with a TypeError exception.
This should make the distinction between these three method types alittle more clear. But don’t worry, I’m not going to leave it at that. Inthe next two sections I’ll go over two slightly more realistic examplesof when to use these special method types.
I will base my examples around this bare-bones Pizza class:
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class Pizza:
def __init__(self, ingredients):

self.ingredients = ingredients

def __repr__(self):
return f'Pizza({self.ingredients!r})'

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

Delicious Pizza Factories With @classmethod

If you’ve had any exposure to pizza in the real world, you’ll know thatthere are many delicious variations available:
Pizza(['mozzarella', 'tomatoes'])
Pizza(['mozzarella', 'tomatoes', 'ham', 'mushrooms'])
Pizza(['mozzarella'] * 4)

The Italians figured out their pizza taxonomy centuries ago, and sothese delicious types of pizza all have their own names. We’d do wellto take advantage of that and give the users of our Pizza class a betterinterface for creating the pizza objects they crave.
A nice and clean way to do that is by using class methods as factoryfunctions8 for the different kinds of pizzas we can create:
class Pizza:

def __init__(self, ingredients):
self.ingredients = ingredients

def __repr__(self):
return f'Pizza({self.ingredients!r})'

@classmethod

8cf. Wikipedia: “Factory (object-oriented programming)”
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def margherita(cls):

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

@classmethod
def prosciutto(cls):

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

Note how I’m using the cls argument in the margherita and
prosciutto factory methods instead of calling the Pizza constructordirectly.
This is a trick you can use to follow the Don’t Repeat Yourself (DRY)9principle. If we decide to rename this class at some point, we won’thave to remember to update the constructor name in all of the factoryfunctions.
Now, what can we do with these factory methods? Let’s try them out:
>>> Pizza.margherita()
Pizza(['mozzarella', 'tomatoes'])

>>> Pizza.prosciutto()
Pizza(['mozzarella', 'tomatoes', 'ham'])

As you can see, we can use the factory functions to create new Pizzaobjects that are configured just thewaywewant them. They all use thesame __init__ constructor internally and simply provide a shortcutfor remembering all of the various ingredients.
Another way to look at this use of class methods is to realize that theyallow you to define alternative constructors for your classes.
Python only allows one __init__method per class. Using classmeth-ods makes it possible to add as many alternative constructors as nec-essary. This can make the interface for your classes self-documenting(to a certain degree) and simplify their usage.

9cf. Wikipedia: “Don’t repeat yourself”
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When To Use Static Methods
It’s a little more difficult to come up with a good example here, buttell you what—I’ll just keep stretching the pizza analogy thinner andthinner… (yum!)
Here’s what I came up with:
import math

class Pizza:
def __init__(self, radius, ingredients):

self.radius = radius
self.ingredients = ingredients

def __repr__(self):
return (f'Pizza({self.radius!r}, '

f'{self.ingredients!r})')

def area(self):
return self.circle_area(self.radius)

@staticmethod
def circle_area(r):

return r ** 2 * math.pi

Now what did I change here? First, I modified the constructor and
__repr__ to accept an extra radius argument.
I also added an area() instance method that calculates and returnsthe pizza’s area. This would also be a good candidate for an @prop-
erty—but hey, this is just a toy example.
Instead of calculating the area directly within area(), by using thewell-known circle area formula, I factored that out to a separate cir-
cle_area() static method.
Let’s try it out!
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>>> p = Pizza(4, ['mozzarella', 'tomatoes'])
>>> p
Pizza(4, ['mozzarella', 'tomatoes'])
>>> p.area()
50.26548245743669
>>> Pizza.circle_area(4)
50.26548245743669

Sure, this is still a bit of a simplistic example, but it’ll help explainsome of the benefits that static methods provide.
Aswe’ve learned, staticmethods can’t access class or instance state be-cause 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. (Sure, you could always workaround that with a global variable, but that’s not the point here.)
Now, why is that useful?
Flagging a method as a static method is not just a hint that a methodwon’t modify class or instance state. As you’ve seen, this restriction isalso enforced by the Python runtime.
Techniques like that allow you to communicate clearly about partsof your class architecture so that new development work is naturallyguided to happen within these boundaries. Of course, it would beeasy enough to defy these restrictions. But in practice, they often helpavoid accidental modifications that go against the original 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 your
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methods that way can provide maintenance benefits and make it lesslikely that other developers use your classes incorrectly.
Static methods also have benefits when it comes to writing test code.Since the circle_area() method is completely independent fromthe rest of the class, it’s much easier to test.
We don’t have to worry about setting up a complete class instance be-fore we can test themethod in a unit test. We can just fire away like wewould if we were testing a regular function. Again, this makes futuremaintenance easier and provides a link between object-oriented andprocedural programming styles.
Key Takeaways
• Instance methods need a class instance and can access theinstance through self.
• Class methods don’t need a class instance. They can’t access theinstance (self) but they have access to the class itself via cls.
• Static methods don’t have access to cls or self. They work likeregular functions but belong to the class’ namespace.
• Static and class methods communicate and (to a certain degree)enforce developer intent about class design. This can have definitemaintenance benefits.
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Chapter 5
Common Data Structures inPython
What’s something that every Python developer should practice andlearn more about?
Data structures. They’re the fundamental constructs around whichyou build your programs. Each data structure provides a particularway of organizing data so it can be accessed efficiently, depending onyour use case.
I believe that going back to the fundamentals always pays off for aprogrammer, regardless of their skill level or experience.
Now, I don’t advocate that you should focus on expanding your datastructures knowledge alone—the “failure mode” for that is gettingstuck in theory la-la land and never shipping anything…
But I found that spending some time on brushing up your data struc-tures (and algorithms) knowledge always pays off.
Whether you do that with a tightly focused “sprint” for a few days, oras an ongoing project with little pockets of time here and there doesn’treally matter. Either way, I promise it’ll be time well spent.
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Alright, so data structures in Python, eh? We’ve got lists, dicts,sets…umm. Stacks? Do we have stacks?
You see, the trouble is that Python ships with an extensive set of datastructures in its standard library. However, sometimes the namingfor them is a bit “off”.
It’s often unclear how even well-known “abstract data types” like aStack correspond to a specific implementation in Python. Other lan-guages like Java stick to a more “computer-sciency” and explicit nam-ing scheme:
A list isn’t just a “list” in Java—it’s either a LinkedList or an Ar-
rayList.
This makes it easier to recognize the expected behavior and the com-putational complexity of these types. Python favors a simpler andmore “human” naming scheme, and I love it. In part, it’s what makesprogramming with Python so much fun.
But the downside is that even to experienced Python developers, itcan be unclear whether the built-in list type is implemented as alinked list or a dynamic array. And the day will come when lackingthis knowledge will cause them endless hours of frustration, or getthem rejected in a job interview.
In this part of the book you’ll take a tour of the fundamental data struc-tures and implementations of abstract data types (ADTs) built intoPython and its standard library.
My goal here is to clarify how the most common abstract data typesmap to Python’s naming scheme and to provide a brief descriptionfor each. This information will also help you shine in Python codinginterviews.
If you’re looking for a good book to brush up on your general datastructures knowledge, I highly recommend Steven S. Skiena’s The Al-gorithm Design Manual.
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It strikes a great balance between teaching you fundamental (andmore advanced) data structures, and then showing you how to putthem to practical use in various algorithms.
Steve’s book was a great help in the writing of these chapters.
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5.1 Dictionaries, Maps, and Hashtables
In Python, dictionaries (or “dicts” for short) are a central data struc-ture. Dicts store an arbitrary number of objects, each identified by aunique dictionary key.
Dictionaries are also often called maps, hashmaps, lookup tables, orassociative arrays. They allow for the efficient lookup, insertion, anddeletion of any object associated with a given key.
What does this mean in practice? It turns out that phone books makea decent real-world analog for dictionary objects:

Phone books allow you to quickly retrieve the informa-tion (phone number) associated with a given key (a per-son’s name). Instead of having to read aphone book frontto back in order to пnd someone’s number, you can jumpmore or less directly to a name and look up the associatedinformation.

This analogy breaks down somewhat when it comes to how the infor-mation is organized in order to allow for fast lookups. But the fun-damental performance characteristics hold. Dictionaries allow you toquickly find the information associated with a given key.
In summary, dictionaries are one of the most frequently used andmost important data structures in computer science. So, how doesPython handle dictionaries? Let’s take a tour of the dictionary imple-mentations available in core Python and the Python standard library.
dict – Your Go-To Dictionary
Because of their importance, Python features a robust dictionary im-plementation that’s built directly into the core language: the dictdata type.1

1cf. Python Docs: “Mapping Types — dict”
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Python also provides some useful “syntactic sugar” for working withdictionaries in your programs. For example, the curly-braces dictio-nary expression syntax and dictionary comprehensions allow you toconveniently define new dictionary objects:
phonebook = {

'bob': 7387,
'alice': 3719,
'jack': 7052,

}

squares = {x: x * x for x in range(6)}

>>> phonebook['alice']
3719

>>> squares
{0: 0, 1: 1, 2: 4, 3: 9, 4: 16, 5: 25}

There are some restrictions onwhich objects can be used as valid keys.
Python’s dictionaries are indexed by keys that can be of any hashabletype2: A hashable object has a hash value which never changes duringits lifetime (see __hash__), and it can be compared to other objects(see __eq__). In addition, hashable objects which compare as equalmust have the same hash value.
Immutable types like strings and numbers are hashable andworkwellas dictionary keys. You can also use tuple objects as dictionary keys,as long as they contain only hashable types themselves.
For most use cases, Python’s built-in dictionary implementation willdo everything you need. Dictionaries are highly optimized and un-derlie many parts of the language, for example class attributes andvariables in a stack frame are both stored internally in dictionaries.

2cf. Python Docs Glossary: “Hashable”
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Python dictionaries are based on a well-tested and finely tuned hashtable implementation that provides the performance characteristicsyou’d expect: O(1) time complexity for lookup, insert, update, anddelete operations in the average case.
There’s little reason not to use the standard dict implementation in-cluded with Python. However, specialized third-party dictionary im-plementations exist, for example skip lists or B-tree based dictionar-ies.
Besides “plain” dict objects, Python’s standard library also includes anumber of specialized dictionary implementations. These specializeddictionaries are all based on the built-in dictionary class (and shareits performance characteristics), but add some convenience featureson top of that.
Let’s take a look at them.
collections.OrderedDict – Remember theInsertion Order of Keys
Python includes a specialized dict subclass that remembers the in-sertion order of keys added to it: collections.OrderedDict.3
While standard dict instances preserve the insertion order of keysin CPython 3.6 and above, this has simply been a side effect of theCPython implementation and was not defined in the language specuntil Python 3.7.4 So, if key order is important for your algorithmto work, it’s best to communicate this clearly by explicitly using the
OrderedDict class.
By the way, OrderedDict is not a built-in part of the core languageandmust be imported from the collectionsmodule in the standardlibrary.

3cf. Python Docs: “collections.OrderedDict”4cf. CPython mailing list
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>>> import collections
>>> d = collections.OrderedDict(one=1, two=2, three=3)

>>> d
OrderedDict([('one', 1), ('two', 2), ('three', 3)])

>>> d['four'] = 4
>>> d
OrderedDict([('one', 1), ('two', 2),

('three', 3), ('four', 4)])

>>> d.keys()
odict_keys(['one', 'two', 'three', 'four'])

collections.defaultdict – Return Default Valuesfor Missing Keys
The defaultdict class is another dictionary subclass that acceptsa callable in its constructor whose return value will be used if a re-quested key cannot be found.5
This can save you some typing andmake the programmer’s intentionsmore clear, as compared to using the get() methods or catching a
KeyError exception in regular dictionaries.
>>> from collections import defaultdict
>>> dd = defaultdict(list)

# Accessing a missing key creates it and
# initializes it using the default factory,
# i.e. list() in this example:
>>> dd['dogs'].append('Rufus')
>>> dd['dogs'].append('Kathrin')
>>> dd['dogs'].append('Mr Sniffles')

5cf. Python Docs: “collections.defaultdict”
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>>> dd['dogs']
['Rufus', 'Kathrin', 'Mr Sniffles']

collections.ChainMap – Search MultipleDictionaries as a Single Mapping
The collections.ChainMap data structure groups multiple dictio-naries into a single mapping.6 Lookups search the underlying map-pings one by one until a key is found. Insertions, updates, and dele-tions only affect the first mapping added to the chain.
>>> from collections import ChainMap
>>> dict1 = {'one': 1, 'two': 2}
>>> dict2 = {'three': 3, 'four': 4}
>>> chain = ChainMap(dict1, dict2)

>>> chain
ChainMap({'one': 1, 'two': 2}, {'three': 3, 'four': 4})

# ChainMap searches each collection in the chain
# from left to right until it finds the key (or fails):
>>> chain['three']
3
>>> chain['one']
1
>>> chain['missing']
KeyError: 'missing'

types.MappingProxyType – AWrapper for MakingRead-Only Dictionaries
MappingProxyType is a wrapper around a standard dictionary thatprovides a read-only view into the wrapped dictionary’s data.7 This

6cf. Python Docs: “collections.ChainMap”7cf. Python Docs: “types.MappingProxyType”
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class was added in Python 3.3, and it can be used to create immutableproxy versions of dictionaries.
For example, this can be helpful if you’d like to return a dictionarycarrying internal state from a class or module, while discouragingwrite access to this object. Using MappingProxyType allows you toput these restrictions in place without first having to create a full copyof the dictionary.
>>> from types import MappingProxyType
>>> writable = {'one': 1, 'two': 2}
>>> read_only = MappingProxyType(writable)

# The proxy is read-only:
>>> read_only['one']
1
>>> read_only['one'] = 23
TypeError:
"'mappingproxy' object does not support item assignment"

# Updates to the original are reflected in the proxy:
>>> writable['one'] = 42
>>> read_only
mappingproxy({'one': 42, 'two': 2})

Dictionaries in Python: Conclusion
All of the Python dictionary implementations listed in this chapter arevalid implementations that are built into the Python standard library.
If you’re looking for a general recommendation on which mappingtype to use in your programs, I’d point you to the built-in dict datatype.
It’s a versatile and optimized hash table implementation that’s builtdirectly into the core language.
Iwould only recommend that youuse one of the other data types listed
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here if you have special requirements that go beyond what’s providedby dict.
Yes, I still believe all of them are valid options—but usually your codewill bemore clear and easier tomaintain by other developers if it relieson standard Python dictionaries most of the time.
Key Takeaways
• Dictionaries are the central data structure in Python.
• The built-in dict type will be “good enough” most of the time.
• Specialized implementations, like read-only or ordered dicts, areavailable in the Python standard library.
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5.2 Array Data Structures
An array is a fundamental data structure available in most program-ming languages, and it has a wide range of uses across different algo-rithms.
In this chapter we’ll take a look at array implementations in Pythonthat only use core language features or functionality that’s included inthe Python standard library.
You’ll see the strengths and weaknesses of each approach so you candecide which implementation is right for your use case. But before wejump in, let’s cover some of the basics first.
How do arrays work, and what are they used for?
Arrays consist of fixed-size data records that allow each element to beefficiently located based on its index.
Because arrays store information in adjoining blocks of memory,they’re considered contiguous data structures (as opposed to linkeddatas structure like linked lists, for example.)
A real world analogy for an array data structure is a parking lot:

You can look at the parking lot as a whole and treat it asa single object, but inside the lot there are parking spotsindexed by a unique number. Parking spots are contain-ers for vehicles—each parking spot can either be emptyor have a car, a motorbike, or some other vehicle parkedon it.

But not all parking lots are the same:
Some parking lots may be restricted to only one type ofvehicle. For example, amotor-home parking lot wouldn’tallow bikes to be parked on it. A “restricted” parking lot
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corresponds to a “typed array” data structure that onlyallows elements that have the same data type stored inthem.

Performance-wise, it’s very fast to look up an element contained inan array given the element’s index. A proper array implementationguarantees a constant O(1) access time for this case.
Python includes several array-like data structures in its standard li-brary that each have slightly different characteristics. Let’s take a lookat them:
list –Mutable Dynamic Arrays
Lists are a part of the core Python language.8 Despite their name,Python’s lists are implemented as dynamic arrays behind the scenes.
This means a list allows elements to be added or removed, and the listwill automatically adjust the backing store that holds these elementsby allocating or releasing memory.
Python lists can hold arbitrary elements—“everything” is an object inPython, including functions. Therefore, you can mix and match dif-ferent kinds of data types and store them all in a single list.
This can be a powerful feature, but the downside is that supportingmultiple data types at the same time means that data is generally lesstightly packed. And as a result, the whole structure takes up morespace.
>>> arr = ['one', 'two', 'three']
>>> arr[0]
'one'

# Lists have a nice repr:

8cf. Python Docs: “list”
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>>> arr
['one', 'two', 'three']

# Lists are mutable:
>>> arr[1] = 'hello'
>>> arr
['one', 'hello', 'three']

>>> del arr[1]
>>> arr
['one', 'three']

# Lists can hold arbitrary data types:
>>> arr.append(23)
>>> arr
['one', 'three', 23]

tuple – Immutable Containers
Just like lists, tuples are also a part of the Python core language.9 Un-like lists, however, Python’s tuple objects are immutable. Thismeanselements can’t be added or removed dynamically—all elements in a tu-ple must be defined at creation time.
Just like lists, tuples can hold elements of arbitrary data types. Havingthis flexibility is powerful, but again, it also means that data is lesstightly packed than it would be in a typed array.
>>> arr = 'one', 'two', 'three'
>>> arr[0]
'one'

# Tuples have a nice repr:
>>> arr
('one', 'two', 'three')

9cf. Python Docs: “tuple”
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# Tuples are immutable:
>>> arr[1] = 'hello'
TypeError:
"'tuple' object does not support item assignment"

>>> del arr[1]
TypeError:
"'tuple' object doesn't support item deletion"

# Tuples can hold arbitrary data types:
# (Adding elements creates a copy of the tuple)
>>> arr + (23,)
('one', 'two', 'three', 23)

array.array – Basic Typed Arrays
Python’s array module provides space-efficient storage of basic C-style data types like bytes, 32-bit integers, floating point numbers, andso on.
Arrays created with the array.array class are mutable and behavesimilarly to lists, except for one important difference—they are “typedarrays” constrained to a single data type.10
Because of this constraint, array.array objects with many elementsare more space-efficient than lists and tuples. The elements stored inthem are tightly packed, and this can be useful if you need to storemany elements of the same type.
Also, arrays support many of the same methods as regular lists, andyou might be able to use them as a “drop-in replacement” withoutrequiring other changes to your application code.
>>> import array

10cf. Python Docs: “array.array”
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>>> arr = array.array('f', (1.0, 1.5, 2.0, 2.5))
>>> arr[1]
1.5

# Arrays have a nice repr:
>>> arr
array('f', [1.0, 1.5, 2.0, 2.5])

# Arrays are mutable:
>>> arr[1] = 23.0
>>> arr
array('f', [1.0, 23.0, 2.0, 2.5])

>>> del arr[1]
>>> arr
array('f', [1.0, 2.0, 2.5])

>>> arr.append(42.0)
>>> arr
array('f', [1.0, 2.0, 2.5, 42.0])

# Arrays are "typed":
>>> arr[1] = 'hello'
TypeError: "must be real number, not str"

str – Immutable Arrays of Unicode Characters
Python 3.x uses str objects to store textual data as immutable se-quences of Unicode characters.11 Practically speaking, that means a
str is an immutable array of characters. Oddly enough, it’s also arecursive data structure—each character in a string is a str object oflength 1 itself.
String objects are space-efficient because they’re tightly packed andthey specialize in a single data type. If you’re storingUnicode text, youshoulduse them. Because strings are immutable inPython,modifying

11cf. Python Docs: “str”
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a string requires creating a modified copy. The closest equivalent to a“mutable string” is storing individual characters inside a list.
>>> arr = 'abcd'
>>> arr[1]
'b'

>>> arr
'abcd'

# Strings are immutable:
>>> arr[1] = 'e'
TypeError:
"'str' object does not support item assignment"

>>> del arr[1]
TypeError:
"'str' object doesn't support item deletion"

# Strings can be unpacked into a list to
# get a mutable representation:
>>> list('abcd')
['a', 'b', 'c', 'd']
>>> ''.join(list('abcd'))
'abcd'

# Strings are recursive data structures:
>>> type('abc')
"<class 'str'>"
>>> type('abc'[0])
"<class 'str'>"
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bytes – Immutable Arrays of Single Bytes
Bytes objects are immutable sequences of single bytes (integers in therange of 0 <= x<= 255).12 Conceptually, they’re similar to str objects,and you can also think of them as immutable arrays of bytes.
Like strings, bytes have their own literal syntax for creating objectsand they’re space-efficient. Bytes objects are immutable, but unlikestrings, there’s a dedicated “mutable byte array” data type called
bytearray that they can be unpacked into. You’ll hear more aboutthat in the next section.
>>> arr = bytes((0, 1, 2, 3))
>>> arr[1]
1

# Bytes literals have their own syntax:
>>> arr
b'\x00\x01\x02\x03'
>>> arr = b'\x00\x01\x02\x03'

# Only valid "bytes" are allowed:
>>> bytes((0, 300))
ValueError: "bytes must be in range(0, 256)"

# Bytes are immutable:
>>> arr[1] = 23
TypeError:
"'bytes' object does not support item assignment"

>>> del arr[1]
TypeError:
"'bytes' object doesn't support item deletion"

12cf. Python Docs: “bytes”
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bytearray –Mutable Arrays of Single Bytes
The bytearray type is a mutable sequence of integers in the range0 <= x <= 255.13 They’re closely related to bytes objects with themain difference being that bytearrays can bemodified freely—you canoverwrite elements, remove existing elements, or add new ones. The
bytearray object will grow and shrink accordingly.
Bytearrays can be converted back into immutable bytes objects butthis involves copying the stored data in full—a slow operation takingO(n) time.
>>> arr = bytearray((0, 1, 2, 3))
>>> arr[1]
1

# The bytearray repr:
>>> arr
bytearray(b'\x00\x01\x02\x03')

# Bytearrays are mutable:
>>> arr[1] = 23
>>> arr
bytearray(b'\x00\x17\x02\x03')

>>> arr[1]
23

# Bytearrays can grow and shrink in size:
>>> del arr[1]
>>> arr
bytearray(b'\x00\x02\x03')

>>> arr.append(42)
>>> arr

13cf. Python Docs: “bytearray”
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bytearray(b'\x00\x02\x03*')

# Bytearrays can only hold "bytes"
# (integers in the range 0 <= x <= 255)
>>> arr[1] = 'hello'
TypeError: "an integer is required"

>>> arr[1] = 300
ValueError: "byte must be in range(0, 256)"

# Bytearrays can be converted back into bytes objects:
# (This will copy the data)
>>> bytes(arr)
b'\x00\x02\x03*'

Key Takeaways
There are a number of built-in data structures you can choose fromwhen it comes to implementing arrays inPython. In this chapterwe’vefocused on core language features and data structures included in thestandard library only.
If you’re willing to go beyond the Python standard library, third-partypackages like NumPy14 offer a wide range of fast array implementa-tions for scientific computing and data science.
By restricting ourselves to the array data structures included withPython, here’s what our choices come down to:
You need to store arbitrary objects, potentially with mixeddata types? Use a list or a tuple, depending on whether you wantan immutable data structure or not.
You have numeric (integer or сoating point) data and tightpacking and performance is important? Try out array.arrayand see if it does everything you need. Also, consider going beyond

14www.numpy.org
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the standard library and try out packages like NumPy or Pandas.
You have textual data represented as Unicode characters?Use Python’s built-in str. If you need a “mutable string,” use a listof characters.
You want to store a contiguous block of bytes? Use the im-mutable bytes type, or bytearray if you need a mutable data struc-ture.
Inmost cases, I like to start out with a simple list. I’ll only specializelater on if performance or storage space becomes an issue. Most ofthe time, using a general-purpose array data structure like list givesyou the fastest development speed and the most programming conve-nience.
I found that this is usually much more important in the beginningthan trying to squeeze out every last drop of performance right fromthe start.
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5.3 Records, Structs, and Data TransferObjects
Compared to arrays, record data structures provide a fixed number offields, where each field can have a name andmay also have a differenttype.
In this chapter, you’ll see how to implement records, structs, and“plain old data objects” in Python, using only built-in data types andclasses from the standard library.
By the way, I’m using the definition of a record loosely here. For ex-ample, I’m also going to discuss types like Python’s built-in tuple thatmay or may not be considered records in a strict sense because theydon’t provide named fields.
Python offers several data types you can use to implement records,structs, and data transfer objects. In this chapter, you’ll get a quicklook at each implementation and its unique characteristics. At theend, you’ll find a summary and a decision-making guide that will helpyou make your own picks.
Alright, let’s get started!
dict – Simple Data Objects
Python dictionaries store an arbitrary number of objects, each iden-tified by a unique key.15 Dictionaries are also often called maps orassociative arrays and allow for the efficient lookup, insertion, anddeletion of any object associated with a given key.
Using dictionaries as a record data type or data object in Python ispossible. Dictionaries are easy to create in Python, as they have theirown syntactic sugar built into the language in the form of dictionaryliterals. The dictionary syntax is concise and quite convenient to type.

15cf. “Dictionaries, Maps, and Hashtables” chapter
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Data objects created using dictionaries are mutable, and there’s littleprotection against misspelled field names, as fields can be added andremoved freely at any time. Both of these properties can introducesurprising bugs, and there’s always a trade-off to be made betweenconvenience and error resilience.
car1 = {

'color': 'red',
'mileage': 3812.4,
'automatic': True,

}
car2 = {

'color': 'blue',
'mileage': 40231,
'automatic': False,

}

# Dicts have a nice repr:
>>> car2
{'color': 'blue', 'automatic': False, 'mileage': 40231}

# Get mileage:
>>> car2['mileage']
40231

# Dicts are mutable:
>>> car2['mileage'] = 12
>>> car2['windshield'] = 'broken'
>>> car2
{'windshield': 'broken', 'color': 'blue',
'automatic': False, 'mileage': 12}

# No protection against wrong field names,
# or missing/extra fields:
car3 = {

'colr': 'green',
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'automatic': False,
'windshield': 'broken',

}

tuple – Immutable Groups of Objects
Python’s tuples are simple data structures for grouping arbitrary ob-jects.16 Tuples are immutable—they cannot be modified once they’vebeen created.
Performance-wise, tuples take up slightly less memory than lists inCPython,17 and they’re also faster to construct.
As you can see in the bytecode disassembly below, constructing a tupleconstant takes a single LOAD_CONST opcode, while constructing a listobject with the same contents requires several more operations:
>>> import dis
>>> dis.dis(compile("(23, 'a', 'b', 'c')", '', 'eval'))

0 LOAD_CONST 4 ((23, 'a', 'b', 'c'))
3 RETURN_VALUE

>>> dis.dis(compile("[23, 'a', 'b', 'c']", '', 'eval'))
0 LOAD_CONST 0 (23)
3 LOAD_CONST 1 ('a')
6 LOAD_CONST 2 ('b')
9 LOAD_CONST 3 ('c')

12 BUILD_LIST 4
15 RETURN_VALUE

However, you shouldn’t place toomuch emphasis on these differences.In practice, the performance difference will often be negligible, andtrying to squeeze extra performance out of a program by switchingfrom lists to tuples will likely be the wrong approach.
A potential downside of plain tuples is that the data you store in them

16cf. Python Docs: “tuple”17cf. CPython tupleobject.c and listobject.c
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can only be pulled out by accessing it through integer indexes. Youcan’t give names to individual properties stored in a tuple. This canimpact code readability.
Also, a tuple is always an ad-hoc structure: It’s difficult to ensure thattwo tuples have the same number of fields and the same propertiesstored on them.
This makes it easy to introduce “slip-of-the-mind” bugs, such as mix-ing up the field order. Therefore, I would recommend that you keepthe number of fields stored in a tuple as low as possible.
# Fields: color, mileage, automatic
>>> car1 = ('red', 3812.4, True)
>>> car2 = ('blue', 40231.0, False)

# Tuple instances have a nice repr:
>>> car1
('red', 3812.4, True)
>>> car2
('blue', 40231.0, False)

# Get mileage:
>>> car2[1]
40231.0

# Tuples are immutable:
>>> car2[1] = 12
TypeError:
"'tuple' object does not support item assignment"

# No protection against missing/extra fields
# or a wrong order:
>>> car3 = (3431.5, 'green', True, 'silver')
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Writing a Custom Class – MoreWork, MoreControl
Classes allow you to define reusable “blueprints” for data objects toensure each object provides the same set of fields.
Using regular Python classes as record data types is feasible, but it alsotakesmanual work to get the convenience features of other implemen-tations. For example, adding new fields to the __init__ constructoris verbose and takes time.
Also, the default string representation for objects instantiated fromcustom classes is not very helpful. To fix that you may have to addyour own __repr__ method,18 which again is usually quite verboseand must be updated every time you add a new field.
Fields stored on classes are mutable, and new fields can be addedfreely, which you may or may not like. It’s possible to provide moreaccess control and to create read-only fields using the @property dec-orator,19 but once again, this requires writing more glue code.
Writing a custom class is a great option whenever you’d like to addbusiness logic and behavior to your record objects using methods.However, this means that these objects are technically no longerplain data objects.
class Car:

def __init__(self, color, mileage, automatic):
self.color = color
self.mileage = mileage
self.automatic = automatic

>>> car1 = Car('red', 3812.4, True)
>>> car2 = Car('blue', 40231.0, False)

18cf. “String Conversion (Every Class Needs a __repr__)” chapter19cf. Python Docs: “property”
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# Get the mileage:
>>> car2.mileage
40231.0

# Classes are mutable:
>>> car2.mileage = 12
>>> car2.windshield = 'broken'

# String representation is not very useful
# (must add a manually written __repr__ method):
>>> car1
<Car object at 0x1081e69e8>

collections.namedtuple – Convenient DataObjects
The namedtuple class available in Python 2.6+ provides an extensionof the built-in tuple data type.20 Similar to defining a custom class,using namedtuple allows you to define reusable “blueprints” for yourrecords that ensure the correct field names are used.
Namedtuples are immutable, just like regular tuples. This means youcannot add new fields or modify existing fields after the namedtupleinstance was created.
Besides that, namedtuples are, well… named tuples. Each objectstored in them can be accessed through a unique identifier. Thisfrees you from having to remember integer indexes, or resort toworkarounds like defining integer constants as mnemonics for yourindexes.
Namedtuple objects are implemented as regular Python classes inter-nally. When it comes to memory usage, they are also “better” thanregular classes and just as memory efficient as regular tuples:

20cf. “What Namedtuples Are Good For” chapter
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>>> from collections import namedtuple
>>> from sys import getsizeof

>>> p1 = namedtuple('Point', 'x y z')(1, 2, 3)
>>> p2 = (1, 2, 3)

>>> getsizeof(p1)
72
>>> getsizeof(p2)
72

Namedtuples can be an easy way to clean up your code and make itmore readable by enforcing a better structure for your data.
I find that going from ad-hoc data types, like dictionaries with a fixedformat, to namedtuples helps me express the intent of my code moreclearly. Often when I apply this refactoring, I magically come up witha better solution for the problem I’m facing.
Using namedtuples over regular (unstructured) tuples and dicts canalso make my coworkers’ lives easier: Namedtuples make the datathat’s being passed around “self-documenting”, at least to a degree.
>>> from collections import namedtuple
>>> Car = namedtuple('Car' , 'color mileage automatic')
>>> car1 = Car('red', 3812.4, True)

# Instances have a nice repr:
>>> car1
Car(color='red', mileage=3812.4, automatic=True)

# Accessing fields:
>>> car1.mileage
3812.4

# Fields are immtuable:

178



5.3. Records, Structs, and Data Transfer Objects
>>> car1.mileage = 12
AttributeError: "can't set attribute"
>>> car1.windshield = 'broken'
AttributeError:
"'Car' object has no attribute 'windshield'"

typing.NamedTuple – Improved Namedtuples
This class added in Python 3.6 is the younger sibling of the namedtu-
ple class in the collections module.21 It is very similar to named-
tuple, the main difference being an updated syntax for defining newrecord types and added support for type hints.
Please note that type annotations are not enforced without a separatetype-checking tool like mypy.22 But even without tool support, theycan provide useful hints for other programmers (or be terribly confus-ing if the type hints become out-of-date.)
>>> from typing import NamedTuple

class Car(NamedTuple):
color: str
mileage: float
automatic: bool

>>> car1 = Car('red', 3812.4, True)

# Instances have a nice repr:
>>> car1
Car(color='red', mileage=3812.4, automatic=True)

# Accessing fields:
>>> car1.mileage
3812.4

21cf. Python Docs: “typing.NamedTuple”22mypy-lang.org
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# Fields are immutable:
>>> car1.mileage = 12
AttributeError: "can't set attribute"
>>> car1.windshield = 'broken'
AttributeError:
"'Car' object has no attribute 'windshield'"

# Type annotations are not enforced without
# a separate type checking tool like mypy:
>>> Car('red', 'NOT_A_FLOAT', 99)
Car(color='red', mileage='NOT_A_FLOAT', automatic=99)

struct.Struct – Serialized C Structs
The struct.Struct class23 converts between Python values and Cstructs serialized into Python bytes objects. For example, it can beused to handle binary data stored in files or coming in from networkconnections.
Structs are defined using a format strings-like mini language that al-lows you to define the arrangement of various C data types like char,
int, and long, as well as their unsigned variants.
Serialized structs are seldom used to represent data objects meant tobe handled purely inside Python code. They’re intended primarily as adata exchange format, rather than as a way of holding data inmemorythat’s only used by Python code.
In some cases, packing primitive data into structs may use less mem-ory than keeping it in other data types. However, in most cases thatwould be quite an advanced (and probably unnecessary) optimization.
>>> from struct import Struct
>>> MyStruct = Struct('i?f')

23cf. Python Docs: “struct.Struct”
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>>> data = MyStruct.pack(23, False, 42.0)

# All you get is a blob of data:
>>> data
b'\x17\x00\x00\x00\x00\x00\x00\x00\x00\x00(B'

# Data blobs can be unpacked again:
>>> MyStruct.unpack(data)
(23, False, 42.0)

types.SimpleNamespace – Fancy Attribute Access
Here’s one more “esoteric” choice for implementing data objects inPython: types.SimpleNamespace.24 This class was added in Python3.3 and it provides attribute access to its namespace.
This means SimpleNamespace instances expose all of their keys asclass attributes. This means you can use obj.key “dotted” attributeaccess instead of the obj['key'] square-brackets indexing syntaxthat’s used by regular dicts. All instances also include a meaningful
__repr__ by default.
As its name proclaims, SimpleNamespace is simple! It’s basically aglorified dictionary that allows attribute access and prints nicely. At-tributes can be added, modified, and deleted freely.
>>> from types import SimpleNamespace
>>> car1 = SimpleNamespace(color='red',
... mileage=3812.4,
... automatic=True)

# The default repr:
>>> car1
namespace(automatic=True, color='red', mileage=3812.4)

24cf. Python Docs: “types.SimpleNamespace”
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# Instances support attribute access and are mutable:
>>> car1.mileage = 12
>>> car1.windshield = 'broken'
>>> del car1.automatic
>>> car1
namespace(color='red', mileage=12, windshield='broken')

Key Takeaways
Now, which type should you use for data objects in Python? As you’veseen, there’s quite a number of different options for implementingrecords or data objects. Generally your decision will depend on youruse case:
You only have a few (2-3) рelds: Using a plain tuple object maybe okay if the field order is easy to remember or field names are super-fluous. For example, think of an (x, y, z) point in 3D space.
You need immutable рelds: In this case, plain tuples, collec-
tions.namedtuple, and typing.NamedTuple would all make goodoptions for implementing this type of data object.
You need to lock down рeld names to avoid typos: collec-
tions.namedtuple and typing.NamedTuple are your friends here.
You want to keep things simple: A plain dictionary object mightbe a good choice due to the convenient syntax that closely resemblesJSON.
You need full control over your data structure: It’s time towrite a custom class with @property setters and getters.
Youneed to add behavior (methods) to the object: You shouldwrite a custom class, either from scratch or by extending collec-
tions.namedtuple or typing.NamedTuple.
You need to pack data tightly to serialize it to disk or to sendit over the network: Time to read up on struct.Struct becausethis is a great use case for it.
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If you’re looking for a safe default choice, my general recommenda-tion for implementing a plain record, struct, or data object in Pythonwould be to use collections.namedtuple in Python 2.x and itsyounger sibling, typing.NamedTuple in Python 3.
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5.4 Sets and Multisets
In this chapter you’ll see how to implement mutable and immutableset and multiset (bag) data structures in Python, using built-in datatypes and classes from the standard library. First though, let’s do aquick recap of what a set data structure is:
A set is an unordered collection of objects that does not allow dupli-cate elements. Typically, sets are used to quickly test a value for mem-bership in the set, to insert or delete new values from a set, and tocompute the union or intersection of two sets.
In a “proper” set implementation, membership tests are expected torun in fast O(1) time. Union, intersection, difference, and subset op-erations should take O(n) time on average. The set implementationsincluded in Python’s standard library follow these performance char-acteristics.25
Just like dictionaries, sets get special treatment in Python and havesome syntactic sugar that makes them easy to create. For example,the curly-braces set expression syntax and set comprehensions allowyou to conveniently define new set instances:
vowels = {'a', 'e', 'i', 'o', 'u'}
squares = {x * x for x in range(10)}

But be careful: To create an empty set you’ll need to call the set()constructor. Using empty curly-braces {} is ambiguous and will cre-ate an empty dictionary instead.
Python and its standard library provide several set implementations.Let’s have a look at them.

25cf. wiki.python.org/moin/TimeComplexity
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set – Your Go-To Set
This is the built-in set implementation in Python.26 The set typeis mutable and allows for the dynamic insertion and deletion of ele-ments.
Python’s sets are backed by the dict data type and share the sameperformance characteristics. Any hashable object can be stored in aset.27
>>> vowels = {'a', 'e', 'i', 'o', 'u'}
>>> 'e' in vowels
True

>>> letters = set('alice')
>>> letters.intersection(vowels)
{'a', 'e', 'i'}

>>> vowels.add('x')
>>> vowels
{'i', 'a', 'u', 'o', 'x', 'e'}

>>> len(vowels)
6

frozenset – Immutable Sets
The frozenset class implements an immutable version of set thatcannot be changed after it has been constructed.28 Frozensets arestatic and only allow query operations on their elements (no insertsor deletions.) Because frozensets are static and hashable, they can beused as dictionary keys or as elements of another set, something thatisn’t possible with regular (mutable) set objects.

26cf. Python Docs: “set”27cf. Python Docs: “hashable”28cf. Python Docs: “frozenset”
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>>> vowels = frozenset({'a', 'e', 'i', 'o', 'u'})
>>> vowels.add('p')
AttributeError:
"'frozenset' object has no attribute 'add'"

# Frozensets are hashable and can
# be used as dictionary keys:
>>> d = { frozenset({1, 2, 3}): 'hello' }
>>> d[frozenset({1, 2, 3})]
'hello'

collections.Counter –Multisets
The collections.Counter class in the Python standard library im-plements a multiset (or bag) type that allows elements in the set tohave more than one occurrence.29
This is useful if you need to keep track of not only if an element is partof a set, but also how many times it is included in the set:
>>> from collections import Counter
>>> inventory = Counter()

>>> loot = {'sword': 1, 'bread': 3}
>>> inventory.update(loot)
>>> inventory
Counter({'bread': 3, 'sword': 1})

>>> more_loot = {'sword': 1, 'apple': 1}
>>> inventory.update(more_loot)
>>> inventory
Counter({'bread': 3, 'sword': 2, 'apple': 1})

Here’s a caveat for the Counter class: You’ll want to be careful whencounting the number of elements in a Counter object. Calling len()
29cf. Python Docs: “collections.Counter”
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returns the number of unique elements in the multiset, whereas thetotal number of elements can be retrieved using the sum function:
>>> len(inventory)
3 # Unique elements

>>> sum(inventory.values())
6 # Total no. of elements

Key Takeaways
• Sets are another useful and commonly used data structureincluded with Python and its standard library.
• Use the built-in set type when looking for a mutable set.
• frozenset objects are hashable and can be used as dictionary orset keys.
• collections.Counter implements multiset or “bag” data struc-tures.
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5.5 Stacks (LIFOs)
A stack is a collection of objects that supports fast last-in, пrst-out(LIFO) semantics for inserts and deletes. Unlike lists or arrays, stackstypically don’t allow for random access to the objects they contain.The insert and delete operations are also often called push and pop.
A useful real-world analogy for a stack data structure is a stack ofplates:

New plates are added to the top of the stack. And becausethe plates are precious and heavy, only the topmost platecan be moved (last-in, пrst-out). To reach the plates thatare lower down in the stack, the topmost plates must beremoved one by one.

Stacks and queues are similar. They’re both linear collections of items,and the difference lies in the order that the items are accessed:
With aqueue, you remove the item least recently added (пrst-in, пrst-out or FIFO); but with a stack, you remove the item most recentlyadded (last-in, пrst-out or LIFO).
Performance-wise, a proper stack implementation is expected to takeO(1) time for insert and delete operations.
Stacks have a wide range of uses in algorithms, for example, in lan-guage parsing and runtime memory management (“call stack”). Ashort and beautiful algorithm using a stack is depth-first search (DFS)on a tree or graph data structure.
Python ships with several stack implementations that each haveslightly different characteristics. We’ll now take a look at them andcompare their characteristics.
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list – Simple, Built-In Stacks
Python’s built-in list type makes a decent stack data structure as itsupports push and pop operations in amortized O(1) time.30
Python’s lists are implemented as dynamic arrays internally, whichmeans they occasionally need to resize the storage space for elementsstored in them when elements are added or removed. The list over-allocates its backing storage so that not every push or pop requiresresizing, and as a result, you get an amortized O(1) time complexityfor these operations.
The downside is that this makes their performance less consistentthan the stableO(1) inserts and deletes provided by a linked list basedimplementation (like collections.deque, see below). On the otherhand, lists do provide fastO(1) time random access to elements on thestack, and this can be an added benefit.
Here’s an important performance caveat you should be aware of whenusing lists as stacks:
To get the amortized O(1) performance for inserts and deletes, newitems must be added to the end of the list with the append()methodand removed again from the end using pop(). For optimum perfor-mance, stacks based on Python lists should grow towards higher in-dexes and shrink towards lower ones.
Adding and removing from the front is much slower and takes O(n)time, as the existing elements must be shifted around to make roomfor the new element. This is a performance antipattern that youshould avoid as much as possible.
>>> s = []
>>> s.append('eat')
>>> s.append('sleep')
>>> s.append('code')

30cf. Python Docs: “Using lists as stacks”
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>>> s
['eat', 'sleep', 'code']

>>> s.pop()
'code'
>>> s.pop()
'sleep'
>>> s.pop()
'eat'

>>> s.pop()
IndexError: "pop from empty list"

collections.deque – Fast & Robust Stacks
The deque class implements a double-ended queue that supportsadding and removing elements from either end in O(1) time (non-amortized). Because deques support adding and removing elementsfrom either end equally well, they can serve both as queues and asstacks.31
Python’s deque objects are implemented as doubly-linked lists whichgives them excellent and consistent performance for inserting anddeleting elements, but poor O(n) performance for randomly access-ing elements in the middle of a stack.32
Overall, collections.deque is a great choice if you’re looking for astack data structure in Python’s standard library that has the perfor-mance characteristics of a linked-list implementation.
>>> from collections import deque
>>> s = deque()
>>> s.append('eat')

31cf. Python Docs: “collections.deque”32cf. CPython _collectionsmodule.c
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>>> s.append('sleep')
>>> s.append('code')

>>> s
deque(['eat', 'sleep', 'code'])

>>> s.pop()
'code'
>>> s.pop()
'sleep'
>>> s.pop()
'eat'

>>> s.pop()
IndexError: "pop from an empty deque"

queue.LifoQueue – Locking Semantics for ParallelComputing
This stack implementation in the Python standard library is synchro-nized and provides locking semantics to support multiple concurrentproducers and consumers.33
Besides LifoQueue, the queuemodule contains several other classesthat implement multi-producer/multi-consumer queues that are use-ful for parallel computing.
Depending on your use case, the locking semantics might be helpful,or they might just incur unneeded overhead. In this case you’d bebetter off with using a list or a deque as a general-purpose stack.
>>> from queue import LifoQueue
>>> s = LifoQueue()
>>> s.put('eat')
>>> s.put('sleep')

33cf. Python Docs: “queue.LifoQueue”
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>>> s.put('code')

>>> s
<queue.LifoQueue object at 0x108298dd8>

>>> s.get()
'code'
>>> s.get()
'sleep'
>>> s.get()
'eat'

>>> s.get_nowait()
queue.Empty

>>> s.get()
# Blocks / waits forever...

Comparing Stack Implementations in Python
As you’ve seen, Python ships with several implementations for a stackdata structure. All of them have slightly different characteristics, aswell as performance and usage trade-offs.
If you’re not looking for parallel processing support (or don’t want tohandle locking and unlocking manually), your choice comes down tothe built-in list type or collections.deque. The difference lies inthe data structure used behind the scenes and overall ease of use:
list is backed by a dynamic array which makes it great for fast ran-domaccess, but requires occasional resizingwhen elements are addedor removed. The list over-allocates its backing storage so that not ev-ery push or pop requires resizing, and you get an amortized O(1) timecomplexity for these operations. But you do need to be careful to onlyinsert and remove items “from the right side” using append() and
pop(). Otherwise, performance slows down to O(n).
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collections.deque is backed by a doubly-linked list which opti-mizes appends and deletes at both ends and provides consistent O(1)performance for these operations. Not only is its performance morestable, the deque class is also easier to use because you don’t have toworry about adding or removing items from “the wrong end.”
In summary, I believe that collections.deque is an excellent choicefor implementing a stack (LIFO queue) in Python.
Key Takeaways
• Python shipswith several stack implementations that have slightlydifferent performance and usage characteristics.
• collections.deque provides a safe and fast general-purposestack implementation.
• The built-in list type can be used as a stack, but be careful toonly append and remove items with append() and pop() in orderto avoid slow performance.

193



5.6. Queues (FIFOs)
5.6 Queues (FIFOs)
In this chapter you’ll see how to implement a FIFO queue data struc-ture using only built-in data types and classes from the Python stan-dard library. But first, let’s recap what a queue is:
A queue is a collection of objects that supports fast пrst-in, пrst-out(FIFO) semantics for inserts and deletes. The insert and delete op-erations are sometimes called enqueue and dequeue. Unlike lists orarrays, queues typically don’t allow for random access to the objectsthey contain.
Here’s a real-world analogy for a first-in, first-out queue:

Imagine a line of Pythonistaswaiting to pick up their con-ference badges on day one of PyCon registration. Newadditions to the line are made to the back of the queue asnew people enter the conference venue and “queue up” toreceive their badges. Removal (serving) happens in thefront of the queue, as developers receive their badges andconference swag bags and leave the queue.

Another way tomemorize the characteristics of a queue data structureis to think of it as a pipe:
New items (water molecules, ping-pong balls, …) are putin at one end and travel to the other where you or some-one else removes them again. While the items are in thequeue (a solid metal pipe) you can’t get at them. The onlyway to interact with the items in the queue is to add newitems at the back (enqueue) or to remove items at thefront (dequeue) of the pipe.

Queues are similar to stacks, and the difference between them lies inhow items are removed:
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With aqueue, you remove the item least recently added (пrst-in, пrst-out or FIFO); but with a stack, you remove the item most recentlyadded (last-in, пrst-out or LIFO).
Performance-wise, a proper queue implementation is expected to takeO(1) time for insert and delete operations. These are the two mainoperations performed on a queue, and in a correct implementation,they should be fast.
Queues have awide range of applications in algorithms and often helpsolve scheduling and parallel programming problems. A short andbeautiful algorithm using a queue is breadth-first search (BFS) on atree or graph data structure.
Scheduling algorithms often use priority queues internally. These arespecialized queues: Instead of retrieving the next element by insertiontime, a priority queue retrieves the highest-priority element. The pri-ority of individual elements is decided by the queue, based on the or-dering applied to their keys. We’ll take a closer look at priority queuesand how they’re implemented in Python in the next chapter.
A regular queue, however, won’t re-order the items it carries. Justlike in the pipe example, “you’ll get what you put in” and in exactlythat order.
Python ships with several queue implementations that each haveslightly different characteristics. Let’s review them.
list— Terribly Sloooow Queues
It’s possible to use a regular list as a queue but this is not ideal froma performance perspective.34 Lists are quite slow for this purpose be-cause inserting or deleting an element at the beginning requires shift-ing all of the other elements by one, requiring O(n) time.
Therefore, I would not recommend using a list as a makeshiftqueue in Python (unless you’re only dealing with a small number of

34cf. Python Docs: “Using lists as queues”
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elements).
>>> q = []
>>> q.append('eat')
>>> q.append('sleep')
>>> q.append('code')

>>> q
['eat', 'sleep', 'code']

# Careful: This is slow!
>>> q.pop(0)
'eat'

collections.deque – Fast & Robust Queues
The deque class implements a double-ended queue that supportsadding and removing elements from either end in O(1) time (non-amortized). Because deques support adding and removing elementsfrom either end equally well, they can serve both as queues and asstacks.35
Python’sdequeobjects are implemented as doubly-linked lists.36 Thisgives them excellent and consistent performance for inserting anddeleting elements, but poor O(n) performance for randomly access-ing elements in the middle of the stack.
As a result, collections.deque is a great default choice if you’re look-ing for a queue data structure in Python’s standard library.
>>> from collections import deque
>>> q = deque()
>>> q.append('eat')
>>> q.append('sleep')

35cf. Python Docs: “collections.deque”36cf. CPython _collectionsmodule.c
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>>> q.append('code')

>>> q
deque(['eat', 'sleep', 'code'])

>>> q.popleft()
'eat'
>>> q.popleft()
'sleep'
>>> q.popleft()
'code'

>>> q.popleft()
IndexError: "pop from an empty deque"

queue.Queue – Locking Semantics for ParallelComputing
This queue implementation in the Python standard library is synchro-nized and provides locking semantics to support multiple concurrentproducers and consumers.37
The queuemodule contains several other classes implementingmulti-producer/multi-consumer queues that are useful for parallel comput-ing.
Depending on your use case, the locking semanticsmight be helpful orjust incur unneeded overhead. In this case, you’d be better off using
collections.deque as a general-purpose queue.
>>> from queue import Queue
>>> q = Queue()
>>> q.put('eat')
>>> q.put('sleep')
>>> q.put('code')

37cf. Python Docs: “queue.Queue”
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>>> q
<queue.Queue object at 0x1070f5b38>

>>> q.get()
'eat'
>>> q.get()
'sleep'
>>> q.get()
'code'

>>> q.get_nowait()
queue.Empty

>>> q.get()
# Blocks / waits forever...

multiprocessing.Queue – Shared Job Queues
This is a shared job queue implementation that allows queued itemsto be processed in parallel bymultiple concurrent workers.38 Process-based parallelization is popular in CPython due to the global inter-preter lock (GIL) that prevents some forms of parallel execution on asingle interpreter process.
As a specialized queue implementation meant for sharing databetween processes, multiprocessing.Queue makes it easy todistribute work across multiple processes in order to work aroundthe GIL limitations. This type of queue can store and transfer anypickle-able object across process boundaries.
>>> from multiprocessing import Queue
>>> q = Queue()
>>> q.put('eat')
>>> q.put('sleep')

38cf. Python Docs: “multiprocessing.Queue”
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5.6. Queues (FIFOs)
>>> q.put('code')

>>> q
<multiprocessing.queues.Queue object at 0x1081c12b0>

>>> q.get()
'eat'
>>> q.get()
'sleep'
>>> q.get()
'code'

>>> q.get()
# Blocks / waits forever...

Key Takeaways
• Python includes several queue implementations as part of the corelanguage and its standard library.
• list objects can be used as queues, but this is generally not rec-ommended due to slow performance.
• If you’re not looking for parallel processing support, the imple-mentation offered by collections.deque is an excellent defaultchoice for implementing a FIFO queue data structure in Python.It provides the performance characteristics you’d expect from agood queue implementation and can also be used as a stack (LIFOQueue).
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5.7 Priority Queues
A priority queue is a container data structure that manages a set ofrecords with totally-ordered39 keys (for example, a numeric weightvalue) to provide quick access to the record with the smallest orlargest key in the set.
You can think of a priority queue as a modified queue: instead of re-trieving the next element by insertion time, it retrieves the highest-priority element. The priority of individual elements is decided bythe ordering applied to their keys.
Priority queues are commonly used for dealing with scheduling prob-lems, for example, to give precedence to tasks with higher urgency.
Think about the job of an operating system task scheduler:

Ideally, high-priority tasks on the system (e.g., play-ing a real-time game) should take precedence overlower-priority tasks (e.g., downloading updates in thebackground). By organizing pending tasks in a priorityqueue that uses the task urgency as the key, the taskscheduler can quickly select the highest-priority tasksand allow them to run пrst.
In this chapter you’ll see a few options for how you can implementPriority Queues in Python using built-in data structures or data struc-tures included inPython’s standard library. Each implementationwillhave their own upsides and downsides, but in mymind there’s a clearwinner for most common scenarios. Let’s find out which one it is.
list –Maintaining a Manually Sorted Queue
You can use a sorted list to quickly identify and delete the smallestor largest element. The downside is that inserting new elements intoa list is a slow O(n) operation.

39cf. Wikipedia “Total order”
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While the insertion point can be found in O(log n) time using bi-
sect.insort40 in the standard library, this is always dominated bythe slow insertion step.
Maintaining the order by appending to the list and re-sorting alsotakes at leastO(n log n) time. Another downside is that youmustman-ually take care of re-sorting the list when new elements are inserted.It’s easy to introduce bugs by missing this step, and the burden is al-ways on you, the developer.
Therefore, I believe that sorted lists are only suitable as priorityqueues when there will be few insertions.
q = []

q.append((2, 'code'))
q.append((1, 'eat'))
q.append((3, 'sleep'))

# NOTE: Remember to re-sort every time
# a new element is inserted, or use
# bisect.insort().
q.sort(reverse=True)

while q:
next_item = q.pop()
print(next_item)

# Result:
# (1, 'eat')
# (2, 'code')
# (3, 'sleep')

40cf. Python Docs: “bisect.insort”
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heapq – List-Based Binary Heaps
This is a binary heap implementation usually backed by a plain list,and it supports insertion and extraction of the smallest element inO(log n) time.41
This module is a good choice for implementing priority queues inPython. Since heapq technically only provides a min-heap implemen-tation, extra steps must be taken to ensure sort stability and otherfeatures typically expected from a “practical” priority queue.42
import heapq

q = []

heapq.heappush(q, (2, 'code'))
heapq.heappush(q, (1, 'eat'))
heapq.heappush(q, (3, 'sleep'))

while q:
next_item = heapq.heappop(q)
print(next_item)

# Result:
# (1, 'eat')
# (2, 'code')
# (3, 'sleep')

queue.PriorityQueue – Beautiful Priority Queues
This priority queue implementation uses heapq internally and sharesthe same time and space complexities.43
The difference is that PriorityQueue is synchronized and provides

41cf. Python Docs: “heapq”42cf. Python Docs: “heapq – Priority queue implementation notes”43cf. Python Docs: “queue.PriorityQueue”
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5.7. Priority Queues
locking semantics to support multiple concurrent producers and con-sumers.
Depending on your use case, this might be helpful—or just slow yourprogram down slightly. In any case, you might prefer the class-basedinterface provided by PriorityQueue over using the function-basedinterface provided by heapq.
from queue import PriorityQueue

q = PriorityQueue()

q.put((2, 'code'))
q.put((1, 'eat'))
q.put((3, 'sleep'))

while not q.empty():
next_item = q.get()
print(next_item)

# Result:
# (1, 'eat')
# (2, 'code')
# (3, 'sleep')

Key Takeaways
• Python includes several priority queue implementations ready foryou to use.
• queue.PriorityQueue stands out from the pack with a niceobject-oriented interface and a name that clearly states its intent.It should be your preferred choice.
• If you’d like to avoid the locking overheadof queue.PriorityQueue,using the heapqmodule directly is also a good option.
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Chapter 6
Looping & Iteration
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6.1. Writing Pythonic Loops
6.1 Writing Pythonic Loops
One of the easiest ways to spot a developer with a background in C-style languages who only recently picked up Python is to look at howthey write loops.
For example, whenever I see a code snippet like the following, that’san example of someone trying to write Python like it’s C or Java:
my_items = ['a', 'b', 'c']

i = 0
while i < len(my_items):

print(my_items[i])
i += 1

Now, what’s so “unpythonic” about this code, you ask? Two things:
First, it keeps track of the index imanually—initializing, it to zero andthen carefully incrementing it upon every loop iteration.
And second, it uses len() to get the size of the my_items container inorder to determine how often to iterate.
In Python you can write loops that handle both of these responsibili-ties automatically. It’s a great idea to take advantage of that. For ex-ample, it’s much harder to write accidental infinite loops if your codedoesn’t have to keep track of a running index. It also makes the codemore concise and therefore more readable.
To refactor this first code example, I’ll start by removing the code thatmanually updates the index. A good way to do that is with a for-loopin Python. Using the range() built-in, I can generate the indexes au-tomatically:
>>> range(len(my_items))
range(0, 3)
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6.1. Writing Pythonic Loops
>>> list(range(0, 3))
[0, 1, 2]

The range type represents an immutable sequence of numbers. Itsadvantage over a regular list is that it always takes the same smallamount of memory. Range objects don’t actually store the individualvalues representing the number sequence—instead, they function asiterators and calculate the sequence values on the fly.1
So, rather than incrementing i manually on each loop iteration, Icould take advantage of the range() function and write somethinglike this:
for i in range(len(my_items)):

print(my_items[i])

This is better. However, it still isn’t very Pythonic and it still feelsmorelike a Java-esque iteration construct than a proper Python loop. Whenyou see code that uses range(len(...)) to iterate over a containeryou can usually simplify and improve it further.
As I mentioned, in Python, for-loops are really “for-each” loops thatcan iterate directly over items from a container or sequence, withouthaving to look them up by index. I can use this to simplify this loopeven more:
for item in my_items:

print(item)

I would consider this solution to be quite Pythonic. It uses several ad-vanced Python features but remains nice and clean and almost readslike pseudo code from a programming textbook. Notice how this loopno longer keeps track of the container’s size and doesn’t use a runningindex to access elements.
The container itself now takes care of handing out the elements so they

1In Python 2 you’ll need to use the xrange() built-in to get thismemory-savingbehavior, as range() will actually construct a list object.
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6.1. Writing Pythonic Loops
can be processed. If the container is ordered, the resulting sequenceof elements will be too. If the container isn’t ordered, it will return itselements in arbitrary order but the loop will still cover all of them.
Now, of course youwon’t always be able to rewrite your loops like that.What if you need the item index, for example?
It’s possible to write loops that keep a running index while avoidingthe range(len(...)) pattern I cautioned against. The enumerate()built-in helps you make those kinds of loops nice and Pythonic:
>>> for i, item in enumerate(my_items):
... print(f'{i}: {item}')

0: a
1: b
2: c

You see, iterators in Python can returnmore than just one value. Theycan return tuples with an arbitrary number of values that can then beunpacked right inside the for-statement.
This is very powerful. For example, you can use the same techniqueto iterate over the keys and values of a dictionary at the same time:
>>> emails = {
... 'Bob': 'bob@example.com',
... 'Alice': 'alice@example.com',
... }

>>> for name, email in emails.items():
... print(f'{name} -> {email}')

'Bob -> bob@example.com'
'Alice -> alice@example.com'

There’s onemore example I’d like to show you. What if you absolutely,positively need to write a C-style loop. For example, what if you must
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control the step size for the index? Imagine you started out with thefollowing Java loop:
for (int i = a; i < n; i += s) {

// ...
}

How would this pattern translate to Python? The range() functioncomes to our rescue again—it accepts optional parameters to controlthe start value for the loop (a), the stop value (n), and the step size (s).Therefore, our Java loop example could be translated to Python, likethis:
for i in range(a, n, s):

# ...

Key Takeaways
• Writing C-style loops in Python is considered unpythonic. Avoidmanaging loop indexes and stop conditions manually if possible.
• Python’s for-loops are really “for-each” loops that can iterate di-rectly over items from a container or sequence.
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6.2 Comprehending Comprehensions
One of my favorite features in Python are list comprehensions. Theycan seem a bit arcane at first but when you break them down they areactually a very simple construct.
The key to understanding list comprehensions is that they’re just for-loops over a collection but expressed in amore terse and compact syn-tax.
This is sometimes referred to as syntactic sugar—a little shortcut forfrequently used functionality that makes our lives as Python coderseasier. Take the following list comprehension as an example:
>>> squares = [x * x for x in range(10)]

It computes a list of all integer square numbers from zero to nine:
>>> squares
[0, 1, 4, 9, 16, 25, 36, 49, 64, 81]

If youwanted to build the same list using a plain for-loop, you’d prob-ably write something like this:
>>> squares = []
>>> for x in range(10):
... squares.append(x * x)

That’s a pretty straightforward loop, right? If you go back and com-pare the list comprehension example with the for-loop version, you’llspot the commonalities and eventually some patterns will emerge. Bygeneralizing someof the common structure here, you’ll eventually endup with a template similar to the one below:
values = [expression for item in collection]

The above list comprehension “template” is equivalent to the follow-ing plain for-loop:
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values = []
for item in collection:

values.append(expression)

Here, we first set up a new list instance to receive the output values.Then, we iterate over all items in the container, transforming eachof them with an arbitrary expression and then adding the individualresults to the output list.
This is a “cookie-cutter pattern” that you can apply tomany for-loopsin order to transform them into list comprehensions and vice versa.Now, there’s one more useful addition we need to make to this tem-plate, and that is filtering elements with conditions.
List comprehensions can filter values based on some arbitrary condi-tion that decides whether or not the resulting value becomes a part ofthe output list. Here’s an example:
>>> even_squares = [x * x for x in range(10)

if x % 2 == 0]

This list comprehension will compute a list of the squares of all evenintegers from zero to nine. Themodulo (%) operator used here returnsthe remainder after division of one number by another. In this exam-ple, we use it to test if a number is even. And it has the desired result:
>>> even_squares
[0, 4, 16, 36, 64]

Similar to the first example, this new list comprehension can be trans-formed into an equivalent for-loop:
even_squares = []
for x in range(10):

if x % 2 == 0:
even_squares.append(x * x)

Let’s try and generalize the above list comprehension to for-loop trans-
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formation pattern some more. This time we’re going to add a filtercondition to our template so we get to decide which values end up inthe output list. Here’s the updated list comprehension template:
values = [expression

for item in collection
if condition]

Again, we can transform this list comprehension into a for-loop withthe following pattern:
values = []
for item in collection:

if condition:
values.append(expression)

Oncemore, this was a straightforward transformation—we simply ap-plied the updated cookie-cutter pattern. I hope this dispels some ofthe “magic” associated with how list comprehensions work. They’re auseful tool that all Python programmers should know how to use.
Before youmove on, I want to point out that Python not only supportslist comprehensions but also has similar syntactic sugar for sets anddictionaries.
Here’s what a set comprehension looks like:
>>> { x * x for x in range(-9, 10) }
set([64, 1, 36, 0, 49, 9, 16, 81, 25, 4])

Unlike lists, which retain the order of the elements in them, Pythonsets are an unordered collection type. So you’ll get amore or less “ran-dom” order when you add items to a set container.
And this is a dictionary comprehension:
>>> { x: x * x for x in range(5) }
{0: 0, 1: 1, 2: 4, 3: 9, 4: 16}
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Both are useful tools in practice. There’s one caveat to Python’s com-prehensions though—as you get more proficient at using them, it be-comes easier and easier to write code that’s difficult to read. If you’renot careful, you might have to deal with monstrous list, set, and dictcomprehensions soon. Remember, toomuch of a good thing is usuallya bad thing.
After much chagrin, I’m personally drawing the line at one level ofnesting for comprehensions. I found that in most cases it’s better (asin “more readable” and “easier to maintain”) to use for-loops beyondthat point.
Key Takeaways
• Comprehensions are a key feature in Python. Understanding andapplying them will make your code much more Pythonic.
• Comprehensions are just fancy syntactic sugar for a simple for-loop pattern. Once you understand the pattern, you’ll develop anintuitive understanding for comprehensions.
• There are more than just list comprehensions.
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6.3 List Slicing Tricks and the SushiOperator
Python’s list objects have a neat feature called slicing. You can viewit as an extension of the square-brackets indexing syntax. Slicing iscommonly used to access ranges of elements within an ordered col-lection. For example, you can slice up a large list object into severalsmaller sublists with it.
Here’s an example. Slicing uses the familiar “[]” indexing syntaxwiththe following “[start:stop:step]” pattern:
>>> lst = [1, 2, 3, 4, 5]
>>> lst
[1, 2, 3, 4, 5]

# lst[start:end:step]
>>> lst[1:3:1]
[2, 3]

Adding the [1:3:1] index returned a slice of the original list rangingfrom index 1 to index 2, with a step size of one element. To avoidoff-by-one errors, it’s important to remember that the upper bound isalways exclusive. This is why we got [2, 3] as the sublist from the
[1:3:1] slice.
If you leave out the step size, it defaults to one:
>>> lst[1:3]
[2, 3]

You can do other interesting things with the step parameter, alsocalled the stride. For example, you can create a sublist that includesevery other element of the original:
>>> lst[::2]
[1, 3, 5]
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Wasn’t that fun? I like to call “:” the sushi operator. It looks like a de-licious maki roll cut in half. Besides reminding you of delicious foodand accessing ranges of lists, it has a few more lesser-known applica-tions. Let me show you some more fun and useful list-slicing tricks!
You just saw how the slicing step size can be used to select every otherelement of a list. Well, there’s more: If you ask for a [::-1] slice,you’ll get a copy of the original list, but in the reverse order:
>>> lst[::-1]
[5, 4, 3, 2, 1]

We asked Python to give us the full list (::), but to go over all of theelements fromback to front by setting the step size to -1. This is prettyneat, but in most cases I’d still stick with list.reverse() and thebuilt-in reversed() function to reverse a list.
Here’s another list-slicing trick: You can use the :-operator to clearall elements from a list without destroying the list object itself.
This is extremely helpful when you need to clear out a list in your pro-gram that has other references pointing to it. In this case, you oftencan’t just empty the list by replacing it with a new list object, sincethat wouldn’t update the other references. But here’s the sushi opera-tor coming to your rescue:
>>> lst = [1, 2, 3, 4, 5]
>>> del lst[:]
>>> lst
[]

As you can see, this removes all elements from lst but leaves the listobject itself intact. In Python 3 you can also use lst.clear() for thesame job, which might be the more readable pattern, depending onthe circumstances. However, keep in mind that clear() isn’t avail-able in Python 2.
Besides clearing lists, you can also use slicing to replace all elements
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of a list without creating a new list object. This is a nice shorthand forclearing a list and then repopulating it manually:
>>> original_lst = lst
>>> lst[:] = [7, 8, 9]
>>> lst
[7, 8, 9]
>>> original_lst
[7, 8, 9]
>>> original_lst is lst
True

The previous code example replaced all elements in lst but did notdestroy and recreate the list itself. The old references to the originallist object are therefore still valid.
Yet another use case for the sushi operator is creating (shallow) copiesof existing lists:
>>> copied_lst = lst[:]
>>> copied_lst
[7, 8, 9]
>>> copied_lst is lst
False

Creating a shallow copymeans that only the structure of the elementsis copied, not the elements themselves. Both copies of the list sharethe same instances of the individual elements.
If you need to duplicate everything, including the elements, thenyou’ll need to create a deep copy of the list. Python’s built-in copymodule will come in handy for this.
Key Takeaways
• The : “sushi operator” is not only useful for selecting sublists ofelements within a list. It can also be used to clear, reverse, andcopy lists.
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• But be careful—this functionality borders on the arcane for manyPython developers. Using it might make your code less maintain-able for everyone else on your team.
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6.4 Beautiful Iterators
I love how beautiful and clear Python’s syntax is compared to manyother programming languages. Let’s take the humble for-in loop, forexample. It speaks to Python’s beauty that you can read a Pythonicloop like this, as if it was an English sentence:
numbers = [1, 2, 3]
for n in numbers:

print(n)

But how do Python’s elegant loop constructs work behind the scenes?How does the loop fetch individual elements from the object it is loop-ing over? And, how can you support the same programming style inyour own Python objects?
You’ll find the answers to these questions inPython’s iterator protocol:Objects that support the __iter__ and __next__ dunder methodsautomatically work with for-in loops.
But let’s take things step by step. Just like decorators, iterators andtheir related techniques can appear quite arcane and complicated onfirst glance. So, we’ll ease into them.
In this chapter you’ll see how to write several Python classes that sup-port the iterator protocol. They’ll serve as “non-magical” examplesand test implementations you can build upon and deepen your under-standing with.
We’ll focus on the core mechanics of iterators in Python 3 first andleave out any unnecessary complications, so you can see clearly howiterators behave at the fundamental level.
I’ll tie each example back to the for-in loop question we started outwith. And, at the end of this chapter we’ll go over some differencesthat exist between Python 2 and 3 when it comes to iterators.
Ready? Let’s jump right in!
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Iterating Forever
We’ll begin by writing a class that demonstrates the bare-bones iter-ator protocol. The example I’m using here might look different fromthe examples you’ve seen in other iterator tutorials, but bear with me.I think doing it this way gives you amore applicable understanding ofhow iterators work in Python.
Over the next few paragraphs we’re going to implement a class called
Repeater that can be iterated over with a for-in loop, like so:
repeater = Repeater('Hello')
for item in repeater:

print(item)

Like its name suggests, instances of this Repeater class will repeat-edly return a single value when iterated over. So the above examplecode would forever print the string 'Hello' to the console.
To start with the implementation, we’ll first define and flesh out the
Repeater class:
class Repeater:

def __init__(self, value):
self.value = value

def __iter__(self):
return RepeaterIterator(self)

On first inspection, Repeater looks like a bog-standard Python class.But notice how it also includes the __iter__ dunder method.
What’s the RepeaterIterator object we’re creating and returningfrom __iter__? It’s a helper classwe also need to define for our for-initeration example to work:
class RepeaterIterator:

def __init__(self, source):
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self.source = source

def __next__(self):
return self.source.value

Again, RepeaterIterator looks like a straightforward Python class,but you might want to take note of the following two things:
1. In the __init__ method, we link each RepeaterIterator in-stance to the Repeater object that created it. That way we canhold onto the “source” object that’s being iterated over.
2. In RepeaterIterator.__next__, we reach back into the “source”

Repeater instance and return the value associated with it.
In this code example, Repeater and RepeaterIterator are workingtogether to support Python’s iterator protocol. The two dunder meth-ods we defined, __iter__ and __next__, are the keys to making aPython object iterable.
We’ll take a closer look at these two methods and how they work to-gether after some hands-on experimentation with the code we’ve gotso far.
Let’s confirm that this two-class setup really made Repeater objectscompatiblewith for-in loop iteration. To do thatwe’ll first create an in-stance of Repeater that would return the string 'Hello' indefinitely:
>>> repeater = Repeater('Hello')

And now we’re going to try iterating over this repeater object with afor-in loop. What’s going to happen when you run the following codesnippet?
>>> for item in repeater:
... print(item)

Right on! You’ll see 'Hello' printed to the screen…a lot. Repeaterkeeps on returning the same string value, and so, this loop will never
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complete. Our little program is doomed to forever print 'Hello' tothe console:
Hello
Hello
Hello
Hello
Hello
...

But congratulations—you just wrote a working iterator in Python andused it with a for-in loop. The loop may not terminate yet…but so far,so good!
Next up, we’ll tease this example apart to understand how the __-
iter__ and __next__ methods work together to make a Python ob-ject iterable.
Pro tip: If you ran the last example inside a Python REPL session orfrom the terminal, and you want to stop it, hit Ctrl + C a few times tobreak out of the infinite loop.
How do for-in loops work in Python?
At this point we’ve got our Repeater class that apparently supportsthe iterator protocol, and we just ran a for-in loop to prove it:
repeater = Repeater('Hello')
for item in repeater:

print(item)

Now, what does this for-in loop really do behind the scenes? Howdoes it communicate with the repeater object to fetch new elementsfrom it?
To dispel some of that “magic,” we can expand this loop into a slightlylonger code snippet that gives the same result:
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repeater = Repeater('Hello')
iterator = repeater.__iter__()
while True:

item = iterator.__next__()
print(item)

As you can see, the for-in was just syntactic sugar for a simple whileloop:
• It first prepared the repeater object for iteration by calling its _-
_iter__method. This returned the actual iterator object.

• After that, the loop repeatedly called the iterator object’s __next_-
_method to retrieve values from it.

If you’ve ever worked with database cursors, this mental model willseem familiar: We first initialize the cursor and prepare it for reading,and then we can fetch data from it into local variables as needed, oneelement at a time.
Because there’s nevermore thanone element “in flight,” this approachis highly memory-efficient. Our Repeater class provides an inпnitesequence of elements and we can iterate over it just fine. Emulatingthe same thing with a Python list would be impossible—there’s noway we could create a list with an infinite number of elements in thefirst place. This makes iterators a very powerful concept.
On more abstract terms, iterators provide a common interface thatallows you to process every element of a container while being com-pletely isolated from the container’s internal structure.
Whether you’re dealingwith a list of elements, a dictionary, an infinitesequence like the one provided by our Repeater class, or another se-quence type—all of that is just an implementation detail. Every singleone of these objects can be traversed in the same way with the powerof iterators.
And as you’ve seen, there’s nothing special about for-in loops inPython. If you peek behind the curtain, it all comes down to calling

221



6.4. Beautiful Iterators
the right dunder methods at the right time.
In fact, you can manually “emulate” how the loop uses the iteratorprotocol in a Python interpreter session:
>>> repeater = Repeater('Hello')
>>> iterator = iter(repeater)
>>> next(iterator)
'Hello'
>>> next(iterator)
'Hello'
>>> next(iterator)
'Hello'
...

This gives the same result—an infinite stream of hellos. Every timeyou call next(), the iterator hands out the same greeting again.
By the way, I took the opportunity here to replace the calls to
__iter__ and __next__ with calls to Python’s built-in functions,
iter() and next().
Internally, these built-ins invoke the same dunder methods, but theymake this code a little prettier and easier to read by providing a clean“facade” to the iterator protocol.
Python offers these facades for other functionality as well. For ex-ample, len(x) is a shortcut for calling x.__len__. Similarly, call-ing iter(x) invokes x.__iter__ and calling next(x) invokes x.__-
next__.
Generally, it’s a good idea to use the built-in facade functions ratherthan directly accessing the dunder methods implementing a protocol.It just makes the code a little easier to read.
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A Simpler Iterator Class
Up until now, our iterator example consisted of two separate classes,
Repeater and RepeaterIterator. They corresponded directly to thetwo phases used by Python’s iterator protocol:
First, setting up and retrieving the iterator object with an iter() call,and then repeatedly fetching values from it via next().
Many times both of these responsibilities can be shouldered by a singleclass. Doing this allows you to reduce the amount of code necessaryto write a class-based iterator.
I chose not to do this with the first example in this chapter becauseit mixes up the cleanliness of the mental model behind the iteratorprotocol. But now that you’ve seen how to write a class-based iteratorthe longer and more complicated way, let’s take a minute to simplifywhat we’ve got so far.
Remember why we needed the RepeaterIterator class again? Weneeded it to host the __next__ method for fetching new values fromthe iterator. But it doesn’t really matter where __next__ is defined.In the iterator protocol, all that matters is that __iter__ returns anyobject with a __next__method on it.
So here’s an idea: RepeaterIterator returns the same value overand over, and it doesn’t have to keep track of any internal state. Whatif we added the __next__ method directly to the Repeater class in-stead?
That way we could get rid of RepeaterIterator altogether and im-plement an iterable object with a single Python class. Let’s try it out!Our new and simplified iterator example looks as follows:
class Repeater:

def __init__(self, value):
self.value = value
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def __iter__(self):

return self

def __next__(self):
return self.value

We just went from two separate classes and 10 lines of code to just oneclass and 7 lines of code. Our simplified implementation still supportsthe iterator protocol just fine:
>>> repeater = Repeater('Hello')
>>> for item in repeater:
... print(item)

Hello
Hello
Hello
...

Streamlining a class-based iterator like that often makes sense. Infact, most Python iterator tutorials start out that way. But I alwaysfelt that explaining iterators with a single class from the get-go hidesthe underlying principles of the iterator protocol—and thus makes itmore difficult to understand.
WhoWants to Iterate Forever
At this point you should have a pretty good understanding of how it-erators work in Python. But so far we’ve only implemented iteratorsthat keep on iterating forever.
Clearly, infinite repetition isn’t the main use case for iterators inPython. In fact, when you look back all the way to the beginning ofthis chapter, I used the following snippet as a motivating example:
numbers = [1, 2, 3]
for n in numbers:
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print(n)

You’ll rightfully expect this code to print the numbers 1, 2, and 3 andthen stop. And you probably wouldn’t expect it to go on spammingyour terminal window by printing “3” forever until you mash Ctrl+Ca few times in a wild panic…
And so, it’s time to find out how to write an iterator that eventuallystops generating new values instead of iterating forever because that’swhat Python objects typically do when we use them in a for-in loop.
We’ll now write another iterator class that we’ll call Bounde-
dRepeater. It’ll be similar to our previous Repeater example, butthis time we’ll want it to stop after a predefined number of repetitions.
Let’s think about this for a bit. How do we do this? How does aniterator signal that it’s exhausted and out of elements to iterate over?Maybe you’re thinking, “Hmm, we could just return None from the
__next__method.”
And that’s not a bad idea—but the trouble is, what are we going to doif we want some iterators to be able to return None as an acceptablevalue?
Let’s see what other Python iterators do to solve this problem. I’mgoing to construct a simple container, a list with a few elements, andthen I’ll iterate over it until it runs out of elements to see what hap-pens:
>>> my_list = [1, 2, 3]
>>> iterator = iter(my_list)

>>> next(iterator)
1
>>> next(iterator)
2
>>> next(iterator)
3
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Careful now! We’ve consumed all of the three available elements inthe list. Watch what happens if I call next on the iterator again:
>>> next(iterator)
StopIteration

Aha! It raises a StopIteration exception to signal we’ve exhaustedall of the available values in the iterator.
That’s right: Iterators use exceptions to structure control flow. Tosignal the end of iteration, a Python iterator simply raises the built-in
StopIteration exception.
If I keep requesting more values from the iterator, it’ll keep raising
StopIteration exceptions to signal that there are no more valuesavailable to iterate over:
>>> next(iterator)
StopIteration
>>> next(iterator)
StopIteration
...

Python iterators normally can’t be “reset”—once they’re exhaustedthey’re supposed to raise StopIteration every time next() is calledon them. To iterate anew you’ll need to request a fresh iterator objectwith the iter() function.
Now we know everything we need to write our BoundedRepeaterclass that stops iterating after a set number of repetitions:
class BoundedRepeater:

def __init__(self, value, max_repeats):
self.value = value
self.max_repeats = max_repeats
self.count = 0
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def __iter__(self):

return self

def __next__(self):
if self.count >= self.max_repeats:

raise StopIteration
self.count += 1
return self.value

This gives us the desired result. Iteration stops after the number ofrepetitions defined in the max_repeats parameter:
>>> repeater = BoundedRepeater('Hello', 3)
>>> for item in repeater:

print(item)
Hello
Hello
Hello

If we rewrite this last for-in loop example to take away some of thesyntactic sugar, we end up with the following expanded code snippet:
repeater = BoundedRepeater('Hello', 3)
iterator = iter(repeater)
while True:

try:
item = next(iterator)

except StopIteration:
break

print(item)

Every time next() is called in this loop, we check for a StopItera-
tion exception and break the while loop if necessary.
Being able to write a three-line for-in loop instead of an eight-line
while loop is quite a nice improvement. It makes the code easier toread and more maintainable.
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And this is another reasonwhy iterators in Python are such a powerfultool.
Python 2.x Compatibility
All the code examples I showed here were written in Python 3. There’sa small but important difference between Python 2 and 3 when itcomes to implementing class-based iterators:
• In Python 3, the method that retrieves the next value from an iter-ator is called __next__.
• In Python 2, the same method is called next (no underscores).

This naming difference can lead to some trouble if you’re tryingto write class-based iterators that should work on both versions ofPython.
Luckily, there’s a simple approach you can take to work around thisdifference. Here’s an updated version of the InfiniteRepeater classthat will work on both Python 2 and Python 3:
class InfiniteRepeater(object):

def __init__(self, value):
self.value = value

def __iter__(self):
return self

def __next__(self):
return self.value

# Python 2 compatibility:
def next(self):

return self.__next__()

To make this iterator class compatible with Python 2, I’ve made twosmall changes to it:
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First, I added a next method that simply calls the original __next_-
_ and forwards its return value. This essentially creates an alias forthe existing __next__ implementation so that Python 2 finds it. Thatway we can support both versions of Python while still keeping all ofthe actual implementation details in one place.
And second, I modified the class definition to inherit from object inorder to ensure we’re creating a new-style class on Python 2. Thishas nothing to do with iterators specifically, but it’s a good practicenonetheless.
Key Takeaways
• Iterators provide a sequence interface to Python objects that’smemory efficient and considered Pythonic. Behold the beauty ofthe for-in loop!
• To support iteration an object needs to implement the iterator pro-tocol by providing the __iter__ and __next__ dunder methods.
• Class-based iterators are only one way to write iterable objects inPython. Also consider generators and generator expressions.
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6.5 Generators Are Simpliрed Iterators
In the chapter on iterators we spent quite a bit of time writing aclass-based iterator. This wasn’t a bad idea from an educationalperspective—but it also demonstrated how writing an iterator classrequires a lot of boilerplate code. To tell you the truth, as a “lazy”developer, I don’t like tedious and repetitive work.
And yet, iterators are so useful in Python. They allow you to writepretty for-in loops and help you make your code more Pythonic andefficient. If there only was a more convenient way to write these iter-ators in the first place…
Surprise, there is! Once more, Python helps us out with some syntac-tic sugar to make writing iterators easier. In this chapter you’ll seehow to write iterators faster and with less code using generators andthe yield keyword.
Inрnite Generators
Let’s start by looking again at the Repeater example that I previouslyused to introduce the idea of iterators. It implemented a class-basediterator cycling through an infinite sequence of values. This is whatthe class looked like in its second (simplified) version:
class Repeater:

def __init__(self, value):
self.value = value

def __iter__(self):
return self

def __next__(self):
return self.value

If you’re thinking, “that’s quite a lot of code for such a simple iterator,”you’re absolutely right. Parts of this class seem rather formulaic, as ifthey would be written in exactly the same way from one class-based
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iterator to the next.
This is where Python’s generators enter the scene. If I rewrite thisiterator class as a generator, it looks like this:
def repeater(value):

while True:
yield value

We just went from seven lines of code to three. Not bad, eh? As youcan see, generators look like regular functions but instead of using the
return statement, they use yield to pass data back to the caller.
Will this new generator implementation still work the same way asour class-based iterator did? Let’s bust out the for-in loop test to findout:
>>> for x in repeater('Hi'):
... print(x)
'Hi'
'Hi'
'Hi'
'Hi'
'Hi'
...

Yep! We’re still looping through our greetings forever. This muchshorter generator implementation seems to perform the same waythat the Repeater class did. (Remember to hit Ctrl+C if you wantout of the infinite loop in an interpreter session.)
Now, how do these generators work? They look like normal functions,but their behavior is quite different. For starters, calling a generatorfunction doesn’t even run the function. It merely creates and returnsa generator object:
>>> repeater('Hey')
<generator object repeater at 0x107bcdbf8>
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The code in the generator function only executes when next() iscalled on the generator object:
>>> generator_obj = repeater('Hey')
>>> next(generator_obj)
'Hey'

If you read the code of the repeater function again, it looks like the
yield keyword in there somehow stops this generator function inmid-execution and then resumes it at a later point in time:
def repeater(value):

while True:
yield value

And that’s quite a fittingmentalmodel forwhat happenshere. You see,when a return statement is invoked inside a function, it permanentlypasses control back to the caller of the function. When a yield isinvoked, it also passes control back to the caller of the function—butit only does so temporarily.
Whereas a return statement disposes of a function’s local state, a
yield statement suspends the function and retains its local state. Inpractical terms, this means local variables and the execution stateof the generator function are only stashed away temporarily and notthrown out completely. Execution can be resumed at any time by call-ing next() on the generator:
>>> iterator = repeater('Hi')
>>> next(iterator)
'Hi'
>>> next(iterator)
'Hi'
>>> next(iterator)
'Hi'

Thismakes generators fully compatible with the iterator protocol. Forthis reason, I like to think of them primarily as syntactic sugar for
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implementing iterators.
You’ll find that formost types of iterators, writing a generator functionwill be easier and more readable than defining a long-winded class-based iterator.
Generators That Stop Generating
In this chapter we started out by writing an inпnite generator onceagain. By now you’re probably wondering how to write a generatorthat stops producing values after a while, instead of going on and onforever.
Remember, in our class-based iterator we were able to signal the endof iteration bymanually raising a StopIteration exception. Becausegenerators are fully compatible with class-based iterators, that’s stillwhat happens behind the scenes.
Thankfully, as programmers we get to work with a nicer interface thistime around. Generators stop generating values as soon as controlflow returns from the generator function by any means other than a
yield statement. This means you no longer have to worry about rais-ing StopIteration at all!
Here’s an example:
def repeat_three_times(value):

yield value
yield value
yield value

Notice how this generator function doesn’t include any kind of loop.In fact it’s dead simple and only consists of three yield statements.If a yield temporarily suspends execution of the function and passesback a value to the caller, what will happen when we reach the end ofthis generator? Let’s find out:
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>>> for x in repeat_three_times('Hey there'):
... print(x)
'Hey there'
'Hey there'
'Hey there'

As you may have expected, this generator stopped producing new val-ues after three iterations. We can assume that it did so by raisinga StopIteration exception when execution reached the end of thefunction. But to be sure, let’s confirm that with another experiment:
>>> iterator = repeat_three_times('Hey there')
>>> next(iterator)
'Hey there'
>>> next(iterator)
'Hey there'
>>> next(iterator)
'Hey there'
>>> next(iterator)
StopIteration
>>> next(iterator)
StopIteration

This iterator behaved just like we expected. As soon as we reach theend of the generator function, it keeps raising StopIteration to sig-nal that it has no more values to provide.
Let’s come back to another example from the iterators chapter. The
BoundedIterator class implemented an iterator that would only re-peat a value a set number of times:
class BoundedRepeater:

def __init__(self, value, max_repeats):
self.value = value
self.max_repeats = max_repeats
self.count = 0
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def __iter__(self):

return self

def __next__(self):
if self.count >= self.max_repeats:

raise StopIteration
self.count += 1
return self.value

Why don’t we try to re-implement this BoundedRepeater class as agenerator function. Here’s my first take on it:
def bounded_repeater(value, max_repeats):

count = 0
while True:

if count >= max_repeats:
return

count += 1
yield value

I intentionally made the while loop in this function a little unwieldy.I wanted to demonstrate how invoking a return statement from agenerator causes iteration to stop with a StopIteration exception.
We’ll soon clean up and simplify this generator function some more,but first let’s try out what we’ve got so far:
>>> for x in bounded_repeater('Hi', 4):
... print(x)
'Hi'
'Hi'
'Hi'
'Hi'

Great! Now we have a generator that stops producing values aftera configurable number of repetitions. It uses the yield statement topass back values until it finally hits the return statement and iterationstops.
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Like I promised you, we can further simplify this generator. We’lltake advantage of the fact that Python adds an implicit return Nonestatement to the end of every function. This is what our final imple-mentation looks like:
def bounded_repeater(value, max_repeats):

for i in range(max_repeats):
yield value

Feel free to confirm that this simplified generator still works the sameway. All things considered, we went from a 12-line implementationin the BoundedRepeater class to a three-line generator-based imple-mentation providing the exact same functionality.
That’s a 75% reduction in the number of lines of code—not too shabby!
As you just saw, generators help “abstract away” most of the boiler-plate code otherwise needed when writing class-based iterators. Theycan make your life as a programmer much easier and allow you towrite cleaner, shorter, and more maintainable iterators.
Generator functions are a great feature in Python, and you shouldn’thesitate to use them in your own programs.
Key Takeaways
• Generator functions are syntactic sugar for writing objects thatsupport the iterator protocol. Generators abstract away much ofthe boilerplate code needed when writing class-based iterators.
• The yield statement allows you to temporarily suspend executionof a generator function and to pass back values from it.
• Generators start raising StopIteration exceptions after controlflow leaves the generator function by any means other than a
yield statement.
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6.6 Generator Expressions
As I learned more about Python’s iterator protocol and the differentways to implement it in my own code, I realized that “syntactic sugar”was a recurring theme.
You see, class-based iterators and generator functions are two expres-sions of the same underlying design pattern.
Generator functions give you a shortcut for supporting the iteratorprotocol in your own code, and they avoid much of the verbosity ofclass-based iterators. With a little bit of specialized syntax, or syntac-tic sugar, they save you time and make your life as a developer easier.
This is a recurring theme in Python and in other programming lan-guages. As more developers use a design pattern in their programs,there’s a growing incentive for the language creators to provide ab-stractions and implementation shortcuts for it.
That’s howprogramming languages evolve over time—and as develop-ers, we reap the benefits. We get to work with more and more power-ful building blocks, which reduces busywork and lets us achieve morein less time.
Earlier in this book you saw how generators provide syntactic sugarfor writing class-based iterators. The generator expressions we’llcover in this chapter add another layer of syntactic sugar on top.
Generator expressions give you an even more effective shortcut forwriting iterators. With a simple and concise syntax that looks like alist comprehension, you’ll be able to define iterators in a single line ofcode.
Here’s an example:
iterator = ('Hello' for i in range(3))

When iterated over, this generator expression yields the samesequence of values as the bounded_repeater generator function
237



6.6. Generator Expressions
we wrote in the previous chapter. Here it is again to refresh yourmemory:
def bounded_repeater(value, max_repeats):

for i in range(max_repeats):
yield value

iterator = bounded_repeater('Hello', 3)

Isn’t it amazing how a single-line generator expression now does ajob that previously required a four-line generator function or a muchlonger class-based iterator?
But I’m getting ahead of myself. Let’s make sure our iterator definedwith a generator expression actually works as expected:
>>> iterator = ('Hello' for i in range(3))
>>> for x in iterator:
... print(x)
'Hello'
'Hello'
'Hello'

That looks pretty good to me! We seem to get the same results fromour one-line generator expression that we got from the bounded_-
repeater generator function.
There’s one small caveat though: Once a generator expression hasbeen consumed, it can’t be restarted or reused. So in some cases thereis an advantage to using generator functions or class-based iterators.
Generator Expressions vs List Comprehensions
As you can tell, generator expressions are somewhat similar to listcomprehensions:
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>>> listcomp = ['Hello' for i in range(3)]
>>> genexpr = ('Hello' for i in range(3))

Unlike list comprehensions, however, generator expressions don’tconstruct list objects. Instead, they generate values “just in time” likea class-based iterator or generator function would.
All you get by assigning a generator expression to a variable is an iter-able “generator object”:
>>> listcomp
['Hello', 'Hello', 'Hello']

>>> genexpr
<generator object <genexpr> at 0x1036c3200>

To access the values produced by the generator expression, you needto call next() on it, just like you would with any other iterator:
>>> next(genexpr)
'Hello'
>>> next(genexpr)
'Hello'
>>> next(genexpr)
'Hello'
>>> next(genexpr)
StopIteration

Alternatively, you can also call the list() function on a generatorexpression to construct a list object holding all generated values:
>>> genexpr = ('Hello' for i in range(3))
>>> list(genexpr)
['Hello', 'Hello', 'Hello']

Of course, this was just a toy example to show how you can “convert”a generator expression (or any other iterator for that matter) into alist. If you need a list object right away, you’d normally just write a
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list comprehension from the get-go.
Let’s take a closer look at the syntactic structure of this simple gener-ator expression. The pattern you should begin to see looks like this:
genexpr = (expression for item in collection)

The above generator expression “template” corresponds to the follow-ing generator function:
def generator():

for item in collection:
yield expression

Just like with list comprehensions, this gives you a “cookie-cutter pat-tern” you can apply tomany generator functions in order to transformthem into concise generator expressions.
Filtering Values
There’s one more useful addition we can make to this template, andthat’s element filtering with conditions. Here’s an example:
>>> even_squares = (x * x for x in range(10)

if x % 2 == 0)

This generator yields the square numbers of all even integers fromzero to nine. The filtering condition using the % (modulo) operatorwill reject any value not divisible by two:
>>> for x in even_squares:
... print(x)
0
4
16
36
64
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Let’s update our generator expression template. After adding elementfiltering via if-conditions, the template now looks like this:
genexpr = (expression for item in collection

if condition)

And once again, this pattern corresponds to a relatively straightfor-ward, but longer, generator function. Syntactic sugar at its best:
def generator():

for item in collection:
if condition:

yield expression

In-line Generator Expressions
Because generator expressions are, well…expressions, you can usethem in-line with other statements. For example, you can define aniterator and consume it right away with a for-loop:
for x in ('Bom dia' for i in range(3)):

print(x)

There’s another syntactic trick you can use to make your generatorexpressionsmore beautiful. The parentheses surrounding a generatorexpression can be dropped if the generator expression is used as thesingle argument to a function:
>>> sum((x * 2 for x in range(10)))
90

# Versus:

>>> sum(x * 2 for x in range(10))
90

This allows you to write concise and performant code. Because gener-ator expressions generate values “just in time” like a class-based iter-
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ator or a generator function would, they are very memory efficient.
Too Much of a Good Thing…
Like list comprehensions, generator expressions allow for more com-plexity thanwhat we’ve covered so far. Through nested for-loops andchained filtering clauses, they can cover a wider range of use cases:
(expr for x in xs if cond1

for y in ys if cond2
...
for z in zs if condN)

The above pattern translates to the following generator function logic:
for x in xs:

if cond1:
for y in ys:

if cond2:
...

for z in zs:
if condN:

yield expr

And this is where I’d like to place a big caveat:
Please don’t write deeply nested generator expressions like that. Theycan be very difficult to maintain in the long run.
This is one of those “the dose makes the poison” situations where abeautiful and simple tool can be overused to create hard to read anddifficult to debug programs.
Just like with list comprehensions, I personally try to stay away fromany generator expression that includes more than two levels of nest-ing.
Generator expressions are a helpful and Pythonic tool in your toolbox,
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but that doesn’t mean they should be used for every single problemyou’re facing. For complex iterators, it’s often better to write a gener-ator function or even a class-based iterator.
If you need to use nested generators and complex filtering conditions,it’s usually better to factor out sub-generators (so you can name them)and then to chain them together again at the top level. You’ll see howto do this in the next chapter on iterator chains.
If you’re on the fence, try out different implementations and then se-lect the one that seems themost readable. Trustme, it’ll save you timein the long run.
Key Takeaways
• Generator expressions are similar to list comprehensions. How-ever, they don’t construct list objects. Instead, generator expres-sions generate values “just in time” like a class-based iterator orgenerator function would.
• Once a generator expression has been consumed, it can’t berestarted or reused.
• Generator expressions are best for implementing simple “ad hoc”iterators. For complex iterators, it’s better to write a generatorfunction or a class-based iterator.
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6.7 Iterator Chains
Here’s another great feature of iterators in Python: By chaining to-gether multiple iterators you can write highly efficient data process-ing “pipelines.” The first time I saw this pattern in action in a PyConpresentation by David Beazley, it blew my mind.
If you take advantage of Python’s generator functions and generatorexpressions, you’ll be building concise and powerful iterator chains inno time. In this chapter you’ll find out what this technique looks likein practice and how you can use it in your own programs.
As a quick recap, generators and generator expressions are syntacticsugar for writing iterators in Python. They abstract away much of theboilerplate code needed when writing class-based iterators.
While a regular function produces a single return value, generatorsproduce a sequence of results. You could say they generate a streamof values over the course of their lifetime.
For example, I can define the following generator that produces theseries of integer values fromone to eight by keeping a running counterand yielding a new value every time next() gets called on it:
def integers():

for i in range(1, 9):
yield i

You can confirm this behaviour by running the following code in aPython REPL:
>>> chain = integers()
>>> list(chain)
[1, 2, 3, 4, 5, 6, 7, 8]

So far, so not-very-interesting. But we’ll quickly change this now. Yousee, generators can be “connected” to each other in order to build ef-ficient data processing algorithms that work like a pipeline.
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You can take the “stream” of values coming out of the integers()generator and feed them into another generator again. For example,one that takes each number, squares it, and then passes it on:
def squared(seq):

for i in seq:
yield i * i

This is what our “data pipeline” or “chain of generators” would donow:
>>> chain = squared(integers())
>>> list(chain)
[1, 4, 9, 16, 25, 36, 49, 64]

And we can keep on adding new building blocks to this pipeline. Dataflows in one direction only, and each processing step is shielded fromthe others via a well-defined interface.
This is similar to how pipelines work in Unix. We chain together asequence of processes so that the output of each process feeds directlyas input to the next one.
Why don’t we add another step to our pipeline that negates each valueand then passes it on to the next processing step in the chain:
def negated(seq):

for i in seq:
yield -i

If we rebuild our chain of generators and add negated at the end, thisis the output we get now:
>>> chain = negated(squared(integers()))
>>> list(chain)
[-1, -4, -9, -16, -25, -36, -49, -64]

My favorite thing about chaining generators is that the data process-
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ing happens one element at a time. There’s no buffering between theprocessing steps in the chain:
1. The integers generator yields a single value, let’s say 3.
2. This “activates” the squared generator, which processes the valueand passes it on to the next stage as 3 × 3 = 9
3. The square number yielded by the squared generator gets fed im-mediately into the negated generator, which modifies it to -9 andyields it again.
You could keep extending this chain of generators to build out a pro-cessing pipelinewithmany steps. It would still perform efficiently andcould easily be modified because each step in the chain is an individ-ual generator function.
Each individual generator function in this processing pipeline is quiteconcise. With a little trick, we can shrink down the definition of thispipeline even more, without sacrificing much readability:
integers = range(8)
squared = (i * i for i in integers)
negated = (-i for i in squared)

Notice how I’ve replaced each processing step in the chain with a gen-erator expression built on the output of the previous step. This code isequivalent to the chain of generators we built throughout the chapter:
>>> negated
<generator object <genexpr> at 0x1098bcb48>
>>> list(negated)
[0, -1, -4, -9, -16, -25, -36, -49]

The only downside to using generator expressions is that they can’tbe configured with function arguments, and you can’t reuse the samegenerator expression multiple times in the same processing pipeline.
But of course, you could mix-and-match generator expressions and
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regular generators freely in building these pipelines. This will helpimprove readability with complex pipelines.
Key Takeaways
• Generators can be chained together to form highly efficient andmaintainable data processing pipelines.
• Chained generators process each element going through the chainindividually.
• Generator expressions can be used to write concise pipeline defi-nitions, but this can impact readability.
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Dictionary Tricks
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7.1 Dictionary Default Values
Python’s dictionaries have a get()method for looking up a key whileproviding a fallback value. This can be handy in many situations. Letme give you a simple example to show you what I mean. Imaginewe have the following data structure that’s mapping user IDs to usernames:
name_for_userid = {

382: 'Alice',
950: 'Bob',
590: 'Dilbert',

}

Now we’d like to use this data structure to write a function greet-
ing() which will return a greeting for a user based on their user ID.Our first implementation might look something like this:
def greeting(userid):

return 'Hi %s!' % name_for_userid[userid]

It’s a straightforward dictionary lookup. This first implementationtechnically works—but only if the user ID is a valid key in the name_-
for_userid dictionary. If we pass an invalid user ID to our greetingfunction it throws an exception:
>>> greeting(382)
'Hi Alice!'

>>> greeting(33333333)
KeyError: 33333333

A KeyError exception isn’t really the result we’d like to see. It wouldbe much nicer if the function returned a generic greeting as a fallbackif the user ID can’t be found.
Let’s implement this idea. Our first approach might be to simply doa key in dict membership check and to return a default greeting if the
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user ID is unknown:
def greeting(userid):

if userid in name_for_userid:
return 'Hi %s!' % name_for_userid[userid]

else:
return 'Hi there!'

Let’s see how this implementation of greeting() fares with our pre-vious test cases:
>>> greeting(382)
'Hi Alice!'

>>> greeting(33333333)
'Hi there!'

Much better. We now get a generic greeting for unknown users andwe keep the personalized greeting when a valid user ID is found. Butthere’s still room for improvement. While this new implementationgives us the expected results and seems small and clean enough, it canstill be improved. I’ve got some gripes with the current approach:
• It’s ineсcient because it queries the dictionary twice.
• It’s verbose since part of the greeting string is repeated twice, forexample.
• It’s not Pythonic—the official Python documentation specificallyrecommends an “easier to ask for forgiveness than permission”(EAFP) coding style for these situations:

“This common Python coding style assumes the exis-tence of valid keys or attributes and catches exceptionsif the assumption proves false.”1
A better implementation that follows the EAFP principle might use atry…except block to catch the KeyError instead of doing an explicitmembership test:

1cf. Python Glossary: “EAFP”
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def greeting(userid):
try:

return 'Hi %s!' % name_for_userid[userid]
except KeyError:

return 'Hi there'

This implementation is still correct as far as our initial requirementsgo, and nowwe’ve removed the need for querying the dictionary twice.
But we can still improve this further and come up with a cleaner so-lution. Python’s dictionaries have a get() method on them whichsupports a “default” parameter that can be used as a fallback value:2
def greeting(userid):

return 'Hi %s!' % name_for_userid.get(
userid, 'there')

When get() is called, it checks if the given key exists in the dictionary.If it does, the value for the key is returned. If it does not exist, thenthe value of the default parameter is returned instead. As you can see,this implementation of greeting still works as intended:
>>> greeting(950)
'Hi Bob!'

>>> greeting(333333)
'Hi there!'

Our final implementation of greeting() is concise, clean, and onlyuses features from the Python standard library. Therefore, I believeit is the best solution for this particular situation.
Key Takeaways
• Avoid explicit key in dict checks when testing for membership.

2cf. Python Docs: dict.get()method
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• EAFP-style exception handling or using the built-in get()methodis preferable.
• In some cases, the collections.defaultdict class from thestandard library can also be helpful.
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7.2 Sorting Dictionaries for Fun andProрt
Python dictionaries don’t have an inherent order. You can iterate overthem just fine but there’s no guarantee that iteration returns the dic-tionary’s elements in any particular order (although this changedwithPython 3.6 and 3.7).
However, it’s frequently useful to get a sorted representation of a dic-tionary to put the dictionary’s items into an arbitrary order based ontheir key, value, or some other derived property. Suppose you have adictionary xs with the following key/value pairs:
>>> xs = {'a': 4, 'c': 2, 'b': 3, 'd': 1}

To get a sorted list of the key/value pairs in this dictionary, you coulduse the dictionary’s items() method and then sort the resulting se-quence in a second pass:
>>> sorted(xs.items())
[('a', 4), ('b', 3), ('c', 2), ('d', 1)]

The key/value tuples are ordered using Python’s standard lexico-graphical ordering for comparing sequences.
To compare two tuples, Python compares the items stored at indexzero first. If they differ, this defines the outcome of the comparison.If they’re equal, the next two items at index one are compared, and soon.
Now, because we took these tuples from a dictionary, all of the for-mer dictionary keys at index zero in each tuple are unique. Therefore,there are no ties to break here.
In some cases a lexicographical ordering might be exactly what youwant. In other cases you might want to sort a dictionary by value in-stead.
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Luckily, there’s a way you can get complete control over how itemsare ordered. You can control the ordering by passing a key func to
sorted() that will change how dictionary items are compared.
A key func is simply a normal Python function to be called on eachelement prior to making comparisons. The key func gets a dictionaryitem as its input and returns the desired “key” for the sort order com-parisons.
Unfortunately, the word “key” is used in two contexts simultaneouslyhere—the key func doesn’t deal with dictionary keys, it merely mapseach input item to an arbitrary comparison key.
Now, maybe we should look at an example. Trust me, key funcs willbe much easier to understand once you see some real code.
Let’s say you wanted to get a sorted representation of a dictionarybased on its values. To get this result you could use the following keyfunc which returns the value of each key/value pair by looking up thesecond element in the tuple:
>>> sorted(xs.items(), key=lambda x: x[1])
[('d', 1), ('c', 2), ('b', 3), ('a', 4)]

See how the resulting list of key/value pairs is now sorted by the val-ues stored in the original dictionary? It’s worth spending some timewrapping your head around how key funcs work. It’s a powerful con-cept that you can apply in all kinds of Python contexts.
In fact, the concept is so common that Python’s standard library in-cludes the operator module. This module implements some of themost frequently used key funcs as plug-and-play building blocks, like
operator.itemgetter and operator.attrgetter.
Here’s an example of how you might replace the lambda-based indexlookup in the first example with operator.itemgetter:
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>>> import operator
>>> sorted(xs.items(), key=operator.itemgetter(1))
[('d', 1), ('c', 2), ('b', 3), ('a', 4)]

Using the operator module might communicate your code’s intentmore clearly in some cases. On the other hand, using a simple lambdaexpression might be just as readable and more explicit. In this partic-ular case, I actually prefer the lambda expression.
Another benefit of using lambdas as a custom key func is that you getto control the sort order in much finer detail. For example, you couldsort a dictionary based on the absolute numeric value of each valuestored in it:
>>> sorted(xs.items(), key=lambda x: abs(x[1]))

If you need to reverse the sort order so that larger values go first,you can use the reverse=True keyword argument when calling
sorted():
>>> sorted(xs.items(),

key=lambda x: x[1],
reverse=True)

[('a', 4), ('b', 3), ('c', 2), ('d', 1)]

Like I said earlier, it’s totally worth spending some time getting a goodgrip on how key funcs work in Python. They provide you with a ton offlexibility and can often save you from writing code to transform onedata structure into another.
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Key Takeaways
• When creating sorted “views” of dictionaries and other collections,you can influence the sort order with a key func.
• Key funcs are an important concept in Python. The most fre-quently used ones were even added to the operator module inthe standard library.
• Functions are first-class citizens in Python. This is a powerful fea-ture you’ll find used everywhere in the language.
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7.3 Emulating Switch/Case StatementsWith Dicts
Python doesn’t have switch/case statements so it’s sometimes nec-essary to write long if…elif…else chains as a workaround. In thischapter you’ll discover a trick you can use to emulate switch/casestatements in Python with dictionaries and first-class functions.Sound exciting? Great—here we go!
Imagine we had the following if-chain in our program:
>>> if cond == 'cond_a':
... handle_a()
... elif cond == 'cond_b':
... handle_b()
... else:
... handle_default()

Of course, with only three different conditions, this isn’t too horribleyet. But just imagine if we had ten or more elif branches in thisstatement. Things would start to look a little different. I considerlong if-chains to be a code smell that makes programs more difficultto read and maintain.
One way to deal with long if…elif…else statements is to replacethem with dictionary lookup tables that emulate the behavior ofswitch/case statements.
The idea here is to leverage the fact that Python has пrst-class func-tions. This means they can be passed as arguments to other functions,returned as values fromother functions, and assigned to variables andstored in data structures.
For example, we can define a function and then store it in a list forlater access:
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>>> def myfunc(a, b):
... return a + b
...
>>> funcs = [myfunc]
>>> funcs[0]
<function myfunc at 0x107012230>

The syntax for calling this function works as you’d intuitively expect—we simply use an index into the list and then use the “()” call syntaxfor calling the function and passing arguments to it:
>>> funcs[0](2, 3)
5

Now, how are we going to use first-class functions to cut our chained
if-statement back to size? The core idea here is to define a dictionarythat maps lookup keys for the input conditions to functions that willcarry out the intended operations:
>>> func_dict = {
... 'cond_a': handle_a,
... 'cond_b': handle_b
... }

Instead of filtering through the if-statement, checking each conditionas we go along, we can do a dictionary key lookup to get the handlerfunction and then call it:
>>> cond = 'cond_a'
>>> func_dict[cond]()

This implementation already sort-of works, at least as long as condcan be found in the dictionary. If it’s not in there, we’ll get a KeyErrorexception.
So let’s look for a way to support a default case that would match theoriginal else branch. Luckily all Python dicts have a get() methodon them that returns the value for a given key, or a default value if the
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key can’t be found. This is exactly what we need here:
>>> func_dict.get(cond, handle_default)()

This code snippet might look syntactically odd at first, but when youbreak it down, it works exactly like the earlier example. Again, we’reusing Python’s first-class functions to pass handle_default to the
get()-lookup as a fallback value. That way, if the condition can’t befound in the dictionary, we avoid raising a KeyError and call the de-fault handler function instead.
Let’s take a look at a more complete example for using dictionarylookups and first-class functions to replace if-chains. After readingthrough the following example, you’ll be able to see the pattern neededto transform certain kinds of if-statements to a dictionary-based dis-patch.
We’re going to write another function with an if-chain that we’ll thentransform. The function takes a string opcode like "add" or "mul"and then does some math on the operands x and y:
>>> def dispatch_if(operator, x, y):
... if operator == 'add':
... return x + y
... elif operator == 'sub':
... return x - y
... elif operator == 'mul':
... return x * y
... elif operator == 'div':
... return x / y

To be honest, this is yet another toy example (I don’t want to bore youwith pages and pages of code here), but it’ll serve well to illustrate theunderlying design pattern. Once you “get” the pattern, you’ll be ableto apply it in all kinds of different scenarios.
You can try out this dispatch_if() function to perform simple calcu-lations by calling the function with a string opcode and two numeric
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operands:
>>> dispatch_if('mul', 2, 8)
16
>>> dispatch_if('unknown', 2, 8)
None

Please note that the 'unknown' case works because Python adds animplicit return None statement to the end of any function.
So far so good. Let’s transform the original dispatch_if() into anew function which uses a dictionary to map opcodes to arithmeticoperations with first-class functions.
>>> def dispatch_dict(operator, x, y):
... return {
... 'add': lambda: x + y,
... 'sub': lambda: x - y,
... 'mul': lambda: x * y,
... 'div': lambda: x / y,
... }.get(operator, lambda: None)()

This dictionary-based implementation gives the same results as theoriginal dispatch_if(). We can call both functions in exactly thesame way:
>>> dispatch_dict('mul', 2, 8)
16
>>> dispatch_dict('unknown', 2, 8)
None

There are a couple of ways this code could be further improved if itwas real “production-grade” code.
First of all, every time we call dispatch_dict(), it creates a tempo-rary dictionary and a bunch of lambdas for the opcode lookup. Thisisn’t ideal from a performance perspective. For code that needs to befast, it makes more sense to create the dictionary once as a constant
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and then to reference it when the function is called. We don’t want torecreate the dictionary every time we need to do a lookup.
Second, if we really wanted to do some simple arithmetic like x +
y, then we’d be better off using Python’s built-in operator moduleinstead of the lambda functions used in the example. The operatormodule provides implementations for all of Python’s operators, forexample operator.mul, operator.div, and so on. This is a minorpoint, though. I intentionally used lambdas in this example to makeit more generic. This should help you apply the pattern in other situ-ations as well.
Well, now you’ve got another tool in your bag of tricks that you canuse to simplify some of your if-chains should they get unwieldy. Justremember—this technique won’t apply in every situation and some-times you’ll be better off with a plain if-statement.
Key Takeaways
• Python doesn’t have a switch/case statement. But in some casesyou can avoid long if-chains with a dictionary-based dispatch ta-ble.
• Once again Python’s first-class functions prove to be a powerfultool. But with great power comes great responsibility.
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7.4 The Craziest Dict Expression in theWest
Sometimes you strike upon a tiny code example that has real depth toit—a single line of code that can teach you a lot about a programminglanguage if you ponder it enough. Such a code snippet feels like a Zenkōan: a question or statement used in Zen practice to provoke doubtand test the student’s progress.
The tiny little code snippet we’ll discuss in this chapter is one suchexample. Upon first glance, it might seem like a straightforward dic-tionary expression, but when considered at close range, it takes youon a mind-expanding journey through the CPython interpreter.
I get such a kick out of this little one-liner that at one point I had itprinted on my Python conference badges as a conversation starter. Italso led to some rewarding conversations withmembers ofmy Pythonnewsletter.
So without further ado, here is the code snippet. Take a moment toreflect on the following dictionary expression andwhat it will evaluateto:
>>> {True: 'yes', 1: 'no', 1.0: 'maybe'}

I’ll wait here…
Ok, ready?
This is the result we get when evaluating the above dict expression ina CPython interpreter session:
>>> {True: 'yes', 1: 'no', 1.0: 'maybe'}
{True: 'maybe'}

I’ll admit I was pretty surprised about this result the first time I sawit. But it all makes sense when you investigate what happens, stepby step. So, let’s think about why we get this—I want to say slightly
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unintuitive—result.
When Python processes our dictionary expression, it first constructsa new empty dictionary object; and then it assigns the keys and valuesto it in the order given in the dict expression.
Therefore, when we break it down, our dict expression is equivalentto this sequence of statements that are executed in order:
>>> xs = dict()
>>> xs[True] = 'yes'
>>> xs[1] = 'no'
>>> xs[1.0] = 'maybe'

Oddly enough, Python considers all dictionary keys used in this exam-ple to be equal:
>>> True == 1 == 1.0
True

Okay, but wait a minute here. I’m sure you can intuitively accept that
1.0 == 1, but why would True be considered equal to 1 as well? Thefirst time I saw this dictionary expression it really stumped me.
After doing some digging in the Python documentation, I learned thatPython treats bool as a subclass of int. This is the case in Python 2and Python 3:

“The Boolean type is a subtype of the integer type, andBoolean values behave like the values 0 and 1, respec-tively, in almost all contexts, the exception being thatwhen converted to a string, the strings ‘False’ or ‘True’are returned, respectively.”3

And yes, this means you can technically use bools as indexes into a listor tuple in Python:
3cf. Python Docs: “The Standard Type Hierarchy”
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>>> ['no', 'yes'][True]
'yes'

But you probably should not use boolean variables like that for thesake of clarity (and the sanity of your colleagues.)
Anyway, let’s come back to our dictionary expression.
As far as Python is concerned, True, 1, and 1.0 all represent the samedictionary key. As the interpreter evaluates the dictionary expression,it repeatedly overwrites the value for the key True. This explains why,in the end, the resulting dictionary only contains a single key.
Before we move on, let’s have another look at the original dictionaryexpression:
>>> {True: 'yes', 1: 'no', 1.0: 'maybe'}
{True: 'maybe'}

Why do we still get True as the key here? Shouldn’t the key alsochange to 1.0 at the end, due to the repeated assignments?
After some mode research in the CPython interpreter source code, Ilearned that Python’s dictionaries don’t update the key object itselfwhen a new value is associated with it:
>>> ys = {1.0: 'no'}
>>> ys[True] = 'yes'
>>> ys
{1.0: 'yes'}

Of course thismakes sense as a performance optimization—if the keysare considered identical, then why spend time updating the original?In the last example you saw that the initial True object is never re-placed as the key. Therefore, the dictionary’s string representationstill prints the key as True (instead of 1 or 1.0.)
With what we know now, it looks like the values in the resulting dictare getting overwritten only because they compare as equal. However,
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it turns out that this effect isn’t caused by the __eq__ equality checkalone, either.
Python dictionaries are backed by a hash table data structure. WhenI first saw this surprising dictionary expression, my hunch was thatthis behavior had something to do with hash collisions.
You see, a hash table internally stores the keys it contains in different“buckets” according to each key’s hash value. The hash value is de-rived from the key as a numeric value of a fixed length that uniquelyidentifies the key.
This allows for fast lookups. It’s much quicker to search for a key’snumeric hash value in a lookup table instead of comparing the fullkey object against all other keys and checking for equality.
However, the way hash values are typically calculated isn’t perfect.And eventually, two or more keys that are actually different will havethe same derived hash value, and they will end up in the same lookuptable bucket.
If two keys have the same hash value, that’s called a hash collision,and it’s a special case that the hash table’s algorithms for insertingand finding elements need to handle.
Based on that assessment, it’s fairly likely that hashing has somethingto do with the surprising result we got from our dictionary expression.So let’s find out if the keys’ hash values also play a role here.
I’m defining the following class as our little detective tool:
class AlwaysEquals:

def __eq__(self, other):
return True

def __hash__(self):
return id(self)

This class is special in two ways.
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First, because its __eq__ dunder method always returns True, all in-stances of this class will pretend they’re equal to any other object:
>>> AlwaysEquals() == AlwaysEquals()
True
>>> AlwaysEquals() == 42
True
>>> AlwaysEquals() == 'waaat?'
True

And second, each AlwaysEquals instance will also return a uniquehash value generated by the built-in id() function:
>>> objects = [AlwaysEquals(),

AlwaysEquals(),
AlwaysEquals()]

>>> [hash(obj) for obj in objects]
[4574298968, 4574287912, 4574287072]

In CPython, id() returns the address of the object in memory, whichis guaranteed to be unique.
With this class we can now create objects that pretend to be equal toany other object but have a unique hash value associated with them.That’ll allow us to test if dictionary keys are overwritten based on theirequality comparison result alone.
And, as you can see, the keys in the next example are not getting over-written, even though they always compare as equal:
>>> {AlwaysEquals(): 'yes', AlwaysEquals(): 'no'}
{ <AlwaysEquals object at 0x110a3c588>: 'yes',
<AlwaysEquals object at 0x110a3cf98>: 'no' }

Wecan also flip this idea around and check to see if returning the samehash value is enough to cause keys to get overwritten:
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class SameHash:
def __hash__(self):

return 1

Instances of this SameHash class will compare as non-equal with eachother but they will all share the same hash value of 1:
>>> a = SameHash()
>>> b = SameHash()
>>> a == b
False
>>> hash(a), hash(b)
(1, 1)

Let’s look at how Python’s dictionaries react when we attempt to useinstances of the SameHash class as dictionary keys:
>>> {a: 'a', b: 'b'}
{ <SameHash instance at 0x7f7159020cb0>: 'a',
<SameHash instance at 0x7f7159020cf8>: 'b' }

As this example shows, the “keys get overwritten” effect isn’t causedby hash value collisions alone either.
Dictionaries check for equality and compare the hash value to deter-mine if two keys are the same. Let’s try and summarize the findingsof our investigation:
The {True: 'yes', 1: 'no', 1.0: 'maybe'} dictionary expressionevaluates to {True: 'maybe'} because the keys True, 1, and 1.0 allcompare as equal, and they all have the same hash value:
>>> True == 1 == 1.0
True
>>> (hash(True), hash(1), hash(1.0))
(1, 1, 1)

Perhaps not-so-surprising anymore, that’s howwe ended up with this

267



7.4. The Craziest Dict Expression in the West
result as the dictionary’s final state:
>>> {True: 'yes', 1: 'no', 1.0: 'maybe'}
{True: 'maybe'}

We touched on a lot of subjects here, and this particular Python Trickcan be be a bit mind-boggling at first—that’s why I compared it to aZen kōan in the beginning.
If it’s difficult to understand what’s going on in this chapter, try play-ing through the code examples one by one in a Python interpreter ses-sion. You’ll be rewarded with an expanded knowledge of Python’s in-ternals.
Key Takeaways
• Dictionaries treat keys as identical if their __eq__ comparison re-sult says they’re equal and their hash values are the same.
• Unexpected dictionary key collisions can and will lead to surpris-ing results.
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7.5 So ManyWays to MergeDictionaries
Have you ever built a configuration system for one of your Python pro-grams? A commonuse case for such systems is to take a data structurewith default configuration options, and then to allow the defaults tobe overridden selectively from user input or some other config source.
I often found myself using dictionaries as the underlying datastructure for representing configuration keys and values. And so I fre-quently needed a way to combine or to merge the config defaults andthe user overrides into a single dictionary with the final configurationvalues.
Or, to generalize: sometimes you need a way to merge two or moredictionaries into one, so that the resulting dictionary contains a com-bination of the keys and values of the source dicts.
In this chapter I’ll show you a couple of ways to achieve that. Let’s lookat a simple example first so we have something to discuss. Imagineyou had these two source dictionaries:
>>> xs = {'a': 1, 'b': 2}
>>> ys = {'b': 3, 'c': 4}

Now, you want to create a new dict zs that contains all of the keysand values of xs and all of the keys and values of ys. Also, if you readthe example closely, you saw that the string 'b'appears as a key inboth dicts—we’ll need to think about a conflict resolution strategy forduplicate keys as well.
The classical solution for the “mergingmultiple dictionaries” problemin Python is to use the built-in dictionary update()method:
>>> zs = {}
>>> zs.update(xs)
>>> zs.update(ys)
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If you’re curious, a naive implementation of update() might looksomething like this. We simply iterate over all of the items of the right-hand side dictionary and add each key/value pair to the left-hand sidedictionary, overwriting existing keys as we go along:
def update(dict1, dict2):

for key, value in dict2.items():
dict1[key] = value

This results in a new dictionary zs which now contains the keys de-fined in xs and ys:
>>> zs
>>> {'c': 4, 'a': 1, 'b': 3}

You’ll also see that the order in which we call update() determineshow conflicts are resolved. The last update wins and the duplicatekey 'b' is associated with the value 3 that came from ys, the secondsource dictionary.
Of course you could expand this chain of update() calls for as longas you like in order to merge any number of dictionaries into one.It’s a practical and well-readable solution that works in Python 2 andPython 3.
Another technique that works in Python 2 and Python 3 uses the
dict() built-in combined with the **-operator for “unpacking”objects:
>>> zs = dict(xs, **ys)
>>> zs
{'a': 1, 'c': 4, 'b': 3}

However, just like making repeated update() calls, this approachonly works for merging two dictionaries and cannot be generalizedto combine an arbitrary number of dictionaries in one step.
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Starting with Python 3.5, the **-operator became more flexible.4 Soin Python 3.5+ there’s another—and arguably prettier—way to mergean arbitrary number of dictionaries:
>>> zs = {**xs, **ys}

This expression has the exact same result as a chain of update() calls.Keys and values are set in a left-to-right order, so we get the sameconflict resolution strategy: the right-hand side takes priority, anda value in ys overrides any existing value under the same key in xs.This becomes clear when we look at the dictionary that results fromthe merge operation:
>>> zs
>>> {'c': 4, 'a': 1, 'b': 3}

Personally, I like the terseness of this new syntax and how it still re-mains sufficiently readable. There’s always a fine balance between ver-bosity and terseness to keep the code as readable andmaintainable aspossible.
In this case, I’m leaning towards using the new syntax if I’m workingwith Python 3. Using the **-operator is also faster than using chained
update() calls, which is yet another benefit.
Key Takeaways
• In Python 3.5 and above you can use the **-operator tomergemul-tiple dictionary objects into one with a single expression, overwrit-ing existing keys left-to-right.
• To stay compatible with older versions of Python, you might wantto use the built-in dictionary update()method instead.

4cf. PEP 448: “Additional Unpacking Generalizations”
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7.6 Dictionary Pretty-Printing
Have you ever tried hunting down a bug in one of your programs bysprinkling a bunch of debug “print” statements to trace the executionflow? Or maybe you needed to generate a log message to print someconfiguration settings…
I have—and I’ve often been frustrated with how difficult some datastructures are to read in Python when they’re printed as text strings.For example, here’s a simple dictionary. Printed in an interpreter ses-sion, the key order is arbitrary, and there’s no indentation to the re-sulting string:
>>> mapping = {'a': 23, 'b': 42, 'c': 0xc0ffee}
>>> str(mapping)
{'b': 42, 'c': 12648430, 'a': 23}

Luckily there are some easy-to-use alternatives to a straight up to-str conversion that give a more readable result. One option is usingPython’s built-in jsonmodule. You can use json.dumps() to pretty-print Python dicts with nicer formatting:
>>> import json
>>> json.dumps(mapping, indent=4, sort_keys=True)

{
"a": 23,
"b": 42,
"c": 12648430

}

These settings result in a nicely indented string representation thatalso normalizes the order of the dictionary keys for better legibility.
While this looks nice and readable, it isn’t a perfect solution. Printingdictionaries with the json module only works with dicts that can be
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serialized by it. As of Python 3.75, the supported built-in types are:
• dict

• list, tuple
• str

• int, float (and some Enums)
• bool

• None

Thismeans you’ll run into trouble trying to print a dictionary that con-tains a non-supported data type, like a function:
>>> json.dumps({all: 'yup'})
TypeError: "keys must be a string"

You’ll run into the same problem when trying to stringify other built-in data types, like sets:
>>> mapping['d'] = {1, 2, 3}
>>> json.dumps(mapping)
TypeError: "set([1, 2, 3]) is not JSON serializable"

On top of that, there are some issues with how Unicode text isserialized—in some cases you won’t be able to take the output from
json.dumps and copy and paste it into a Python interpreter sessionto reconstruct the original dictionary object.
All in all there’s lots of downsides to this approach. Let’s look at analternative that’s much more general. The classical solution to pretty-printing objects in Python is the built-in pprint module. Here’s anexample:
>>> import pprint
>>> pprint.pprint(mapping)

5cf. Python docs: “json” module
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{'a': 23, 'b': 42, 'c': 12648430, 'd': set([1, 2, 3])}

You can see that pprint is able to print data types like sets, and italso prints the dictionary keys in a reproducible order. Compared tothe standard string representation for dictionaries, what we get hereis much easier on the eyes.
However, compared to json.dumps(), it doesn’t represent nestedstructures as well visually. Depending on the circumstances, this canbe an advantage or a disadvantage. I occasionally use json.dumps()to print dictionaries because of the improved readability and format-ting, but only if I’m sure they contain JSON-serializable data typesonly.
Key Takeaways
• The default to-string conversion for dictionary objects in Pythoncan be difficult to read.
• The pprint and json module are “higher-fidelity” options builtinto the Python standard library.
• Be careful to only use json.dumps() on JSON-serializable keysand values, otherwise it raises a TypeError.
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8.1. Exploring Python Modules and Objects
8.1 Exploring Python Modules andObjects
You can interactively explore modules and objects directly from thePython interpreter. This is an underrated feature that’s easy to over-look, especially if you’re switching to Python from another language.
Many programming languagesmake it difficult to inspect a package orclass without consulting online documentation or learning interfacedefinitions by heart.
Python is different—an effective developer will spend quite a bit oftime in REPL sessions working interactively with the Python inter-preter. For example, I often do this to work out little snippets of codeand logic that I then copy and paste into a Python file I’m working onin my editor.
In this chapter you’ll learn two simple techniques you can use to ex-plore Python classes and methods interactively from the interpreter.
These techniques will work on any Python install—just start up thePython interpreter with the python command from the command-line and fire away. This is great for debugging sessions on systemswhere you don’t have access to a fancy editor or IDE, for example, be-cause you’re working over the network in a terminal session.
Ready? Here we go! Imagine you’re writing a program that usesPython’s datetime module from the standard library. How can youfind out what functions or classes this module exports, and whichmethods and attributes can you find on its classes?
Consulting a search engine or looking up the official Python docu-mentation on the web would be one way to do it. But Python’s built-in dir() function lets you access this information directly from thePython REPL:
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>>> import datetime
>>> dir(datetime)
['MAXYEAR', 'MINYEAR', '__builtins__', '__cached__',
'__doc__', '__file__', '__loader__', '__name__',
'__package__', '__spec__', '_divide_and_round',
'date', 'datetime', 'datetime_CAPI', 'time',
'timedelta', 'timezone', 'tzinfo']

In the example above, I first imported the datetimemodule from thestandard library and then inspected it with the dir() function. Call-ing dir() on amodule gives you an alphabetized list of the names andattributes the module provides.
Because “everything” is an object in Python, the same techniqueworks not only on the module itself, but also on the classes and datastructures exported by the module.
In fact, you can keep drilling down into the module by calling dir()again on individual objects that look interesting. For example, here’show you’d inspect the datetime.date class:
>>> dir(datetime.date)
['__add__', '__class__', ..., 'day', 'fromordinal',
'isocalendar', 'isoformat', 'isoweekday', 'max',
'min', 'month', 'replace', 'resolution', 'strftime',
'timetuple', 'today', 'toordinal', 'weekday', 'year']

As you can see, dir() gives you a quick overview of what’s availableon a module or class. If you don’t remember the exact spelling for aparticular class or function, then maybe that’s all you need to keepgoing without interrupting your coding flow.
Sometimes calling dir() on an object will result in too muchinformation—on a complex module or class you’ll get a long printoutthat’s difficult to read quickly. Here’s a little trick you can use to filterdown the list of attributes to just the ones you’re interested in:
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>>> [_ for _ in dir(datetime) if 'date' in _.lower()]
['date', 'datetime', 'datetime_CAPI']

Here, I used a list comprehension to filter down the results of the
dir(datetime) call to only contain names that include the word“date.” Notice how I called the lower() method on each name tomake sure the filtering is case-insensitive.
Getting a raw listing of the attributes on an object won’t always beenough information to solve the problem at hand. So, how can you getmore info and further details on the functions and classes exported bythe datetimemodule?
Python’s built-in help() function will come to your rescue. With it,you can invoke Python’s interactive help system to browse the auto-generated documentation for any Python object:
>>> help(datetime)

If you run the above example in a Python interpreter session, your ter-minal will display a text-based help screen for the datetimemodule,looking somewhat like this:
Help on module datetime:

NAME
datetime - Fast implementation of the datetime type.

CLASSES
builtins.object

date
datetime

time

You can use the cursor up and down keys to scroll through the docu-mentation. Alternatively you can also hit the space bar to scroll downa few lines at once. To leave this interactive help mode you’ll needto press the q key. This will take you back to the interpreter prompt.
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Nice feature, right?
By the way, you can call help() on arbitrary Python objects, includ-ing other built-in functions and your own Python classes. The Pythoninterpreter automatically generates this documentation from the at-tributes on an object and its docstring (if available.) The examplesbelow are all valid uses of the help function:
>>> help(datetime.date)
>>> help(datetime.date.fromtimestamp)
>>> help(dir)

Of course, dir() and help() won’t replace nicely formatted HTMLdocumentation, the powers of a search engine, or a Stack Overflowsearch. But they’re great tools for quickly looking things up withouthaving to switch away from the Python interpreter. They’re also avail-able offline and work without an internet connection—which can bevery useful in a pinch.
Key Takeaways
• Use the built-in dir() function to interactively explore Pythonmodules and classes from an interpreter session.
• The help() built-in lets you browse through the documentationright from your interpreter (hit q to exit.)
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8.2 Isolating Project DependenciesWith Virtualenv
Python includes a powerful packaging system to manage the moduledependencies of your programs. You’ve probably used it to installthird-party packages with the pip package manager command.
One confusing aspect of installing packages with pip is that it tries toinstall them into your global Python environment by default.
Sure, this makes any new packages you install available globally onyour system, which is great for convenience. But it also quickly turnsinto a nightmare if you’re working with multiple projects that requiredifferent versions of the same package.
For example, what if one of your projects needs version 1.3 of a librarywhile another project needs version 1.4 of the same library?
When you install packages globally there can be only one version of aPython library across all of your programs. This means you’ll quicklyrun into version conflicts—just like the Highlander did.
And it gets worse. You might also have different programs that needdifferent versions of Python itself. For example, some programsmight still run on Python 2 while most of your new developmenthappens in Python 3. Or, what if one of your projects needs Python3.5, while everything else runs on Python 3.7?
Besides that, installing Python packages globally can also incur a secu-rity risk. Modifying the global environment often requires you to runthe pip install command with superuser (root/admin) credentials.Because pip downloads and executes code from the internet when youinstall a new package, this is generally not recommended. Hopefullythe code is trustworthy, but who knows what it will really do?
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Virtual Environments to the Rescue
The solution to these problems is to separate your Python environ-ments with so-called virtual environments. They allow you to sepa-rate Python dependencies by project and give you the ability to selectbetween different versions of the Python interpreter.
A virtual environment is an isolated Python environment. Physically,it lives inside a folder containing all the packages and other depen-dencies, like native-code libraries and the interpreter runtime, thata Python project needs. (Behind the scenes, those files might not bereal copies but symbolic links to save memory.)
To demonstrate how virtual environments work, I’ll give you a quickwalkthrough where we’ll set up a new environment (or virtualenv, asthey’re called for short) and then install a third-party package into it.
Let’s first check where the global Python environment currently re-sides. On Linux or macOS, we can use the which command-line toolto look up the path to the pip package manager:
$ which pip3
/usr/local/bin/pip3

I usually put my virtual environments right into my project foldersto keep them nice and separate. But you could also have a dedicated“python-environments” directory somewhere to hold all of your envi-ronments across projects. The choice is yours.
Let’s create a new Python virtual environment:
$ python3 -m venv ./venv

This will take a moment and will create a new venv folder in the cur-rent directory and seed it with a baseline Python 3 environment:
$ ls venv/
bin include lib pyvenv.cfg
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If you check the active version of pip (with the which com-mand), you’ll see it’s still pointing to the global environment,
/usr/local/bin/pip3 in my case:
$ which pip3
/usr/local/bin/pip3

This means if you install packages now, they’d still end up in theglobal Python environment. Creating a virtual environment folderisn’t enough—you’ll need to explicitly activate the new virtualenvironment so that future runs of the pip command reference it:
$ source ./venv/bin/activate
(venv) $

Running the activate command configures your current shell ses-sion to use the Python and pip commands from the virtual environ-ment instead.1
Notice how this changed your shell prompt to include the name of theactive virtual environment inside parentheses: (venv). Let’s checkwhich pip executable is active now:
(venv) $ which pip3
/Users/dan/my-project/venv/bin/pip3

As you can see, running the pip3 command would now run the ver-sion from the virtual environment and not the global one. The sameis true for the Python interpreter executable. Running python fromthe command-line would now also load the interpreter from the venvfolder:
(venv) $ which python
/Users/dan/my-project/venv/bin/python

Note that this is still a blank slate, a completely clean Python environ-
1On Windows there’s an activate command you need to run directly insteadof loading it with source.
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ment. Running pip list will show an almost empty list of installedpackages that only includes the baselinemodules necessary to supportpip itself:
(venv) $ pip list
pip (9.0.1)
setuptools (28.8.0)

Let’s go ahead and install a Python package into the virtual environ-ment now. You’ll want to use the familiar pip install command forthat:
(venv) $ pip install schedule
Collecting schedule
Downloading schedule-0.4.2-py2.py3-none-any.whl

Installing collected packages: schedule
Successfully installed schedule-0.4.2

You’ll notice two important changes here. First, youwon’t need adminpermissions to run this command any longer. And second, installingor updating a package with an active virtual environment means thatall files will end up in a subfolder in the virtual environment’s direc-tory.
Therefore, your project dependencies will be physically separatedfrom all other Python environments on your system, including theglobal one. In effect, you get a clone of the Python runtime that’sdedicated to one project only.
By running pip list again, you can see that the schedule librarywas installed successfully into the new environment:
(venv) $ pip list
pip (9.0.1)
schedule (0.4.2)
setuptools (28.8.0)

If we spin up a Python interpreter session with the python command,
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or run a standalone .py file with it, it will use the Python interpreterand the dependencies installed into the virtual environment—as longas the environment is still active in the current shell session.
But how do you deactivate or “leave” a virtual environment again?Similar to the activate command, there’s a deactivate commandthat takes you back to the global environment:
(venv) $ deactivate
$ which pip3
/usr/local/bin

Using virtual environments will help keep your system unclutteredand your Python dependencies neatly organized. As a best practice,all of your Python projects should use virtual environments to keeptheir dependencies separate and to avoid version conflicts.
Understanding and using virtual environments also puts you on theright track to use more advanced dependency management methodslike specifying project dependencies with requirements.txt files.
If you’re looking for a deep dive on this subject with additional produc-tivity tips, be sure to check out my Managing Python Dependenciescourse available on realpython.com.
Key Takeaways
• Virtual environments keep your project dependencies separated.They help you avoid version conflicts between packages and dif-ferent versions of the Python runtime.
• As a best practice, all of your Python projects should use virtualenvironments to store their dependencies. This will help avoidheadaches.
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8.3 Peeking Behind the BytecodeCurtain
When the CPython interpreter executes your program, it first trans-lates it into a sequence of bytecode instructions. Bytecode is an in-termediate language for the Python virtual machine that’s used as aperformance optimization.
Instead of directly executing the human-readable source code, com-pact numeric codes, constants, and references are used that representthe result of compiler parsing and semantic analysis.
This saves time and memory for repeated executions of programs orparts of programs. For example, the bytecode resulting from this com-pilation step is cached on disk in .pyc and .pyo files so that executingthe same Python file is faster the second time around.
All of this is completely transparent to the programmer. You don’thave to be aware that this intermediate translation step happens, orhow the Python virtual machine deals with the bytecode. In fact, thebytecode format is deemed an implementation detail and not guaran-teed to remain stable or compatible between Python versions.
And yet, I find it very enlightening to see how the sausage is made andto peek behind the abstractions provided by the CPython interpreter.Understanding at least some of the inner workings can help you writemore performant code (when that’s important). And it’s also a lot offun.
Let’s take this simple greet() function as a lab sample we can playwith and use to understand Python’s bytecode:
def greet(name):

return 'Hello, ' + name + '!'

>>> greet('Guido')
'Hello, Guido!'
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Remember how I said that CPython first translates our source codeinto an intermediate language before it “runs” it? Well, if that’s true,we should be able to see the results of this compilation step. And wecan.
Each function has a __code__ attribute (in Python 3) that we can useto get at the virtual machine instructions, constants, and variablesused by our greet function:
>>> greet.__code__.co_code
b'd\x01|\x00\x17\x00d\x02\x17\x00S\x00'
>>> greet.__code__.co_consts
(None, 'Hello, ', '!')
>>> greet.__code__.co_varnames
('name',)

You can see co_consts contains parts of the greeting string our func-tion assembles. Constants and code are kept separate to savememoryspace. Constants are, well, constant—meaning they can never bemod-ified and are used interchangeably in multiple places.
So instead of repeating the actual constant values in the co_code in-struction stream, Python stores constants separately in a lookup table.The instruction stream can then refer to a constant with an index intothe lookup table. The same is true for variables stored in the co_var-
names field.
I hope this general concept is starting to become more clear. Butlooking at the co_code instruction stream still makes me feel a lit-tle queasy. This intermediate language is clearly meant to be easy toworkwith for the Python virtualmachine, not humans. After all, that’swhat the text-based source code is for.
The developers working on CPython realized that too. So they gaveus another tool called a disassembler to make inspecting the bytecodeeasier.
Python’s bytecode disassembler lives in the dismodule that’s part of
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the standard library. So we can just import it and call dis.dis() onour greet function to get a slightly easier-to-read representation ofits bytecode:
>>> import dis
>>> dis.dis(greet)
2 0 LOAD_CONST 1 ('Hello, ')

2 LOAD_FAST 0 (name)
4 BINARY_ADD
6 LOAD_CONST 2 ('!')
8 BINARY_ADD
10 RETURN_VALUE

The main thing disassembling did was split up the instruction streamand give each opcode in it a human-readable name like LOAD_CONST.
You can also see how constant and variable references are now inter-leaved with the bytecode and printed in full to spare us the mentalgymnastics of a co_const or co_varnames table lookup. Neat!
Looking at the human-readable opcodes, we can begin to understandhow CPython represents and executes the 'Hello, ' + name + '!'expression in the original greet() function.
It first retrieves the constant at index 1 ('Hello, ') and puts it on thestack. It then loads the contents of the name variable and also putsthem on the stack.
The stack is the data structure used as internal working storage for thevirtual machine. There are different classes of virtual machines andone of them is called a stackmachine. CPython’s virtual machine is animplementation of such a stack machine. If the whole thing is namedafter the stack, you can imagine what a central role this data structureplays.
By the way—I’m only touching the surface here. If you’re interested inthis topic you’ll find a book recommendation at the end of this chapter.Reading up on virtual machine theory is enlightening (and a ton of
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fun).
What’s interesting about a stack as an abstract data structure is that,at the bare minimum, it only supports two operations: push and pop.Push adds a value to the top of the stack and pop removes and returnsthe topmost value. Unlike an array, there’s no way to access elements“below” the top level.
I find it fascinating that such a simple data structure has somany uses.But I’m getting carried away again…
Let’s assume the stack starts out empty. After the first two opcodeshave been executed, this is what the contents of the VM stack looklike (0 is the topmost element):
0: 'Guido' (contents of "name")
1: 'Hello, '

The BINARY_ADD instruction pops the two string values off the stack,concatenates them, and then pushes the result on the stack again:
0: 'Hello, Guido'

Then there’s another LOAD_CONST to get the exclamation mark stringon the stack:
0: '!'
1: 'Hello, Guido'

The next BINARY_ADD opcode again combines the two to generate thefinal greeting string:
0: 'Hello, Guido!'

The last bytecode instruction is RETURN_VALUE which tells the virtualmachine that what’s currently on top of the stack is the return valuefor this function so it can be passed on to the caller.
And voila, we just tracedbackhowour greet() function gets executed
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internally by the CPython virtual machine. Isn’t that cool?
There’s much more to say about virtual machines, and this isn’t thebook for it. But if this got you interested, I highly recommend thatyou do some more reading on this fascinating subject.
It can be a lot of fun to define your own bytecode languages and tobuild little virtualmachine experiments for them. A book on this topicthat I’d recommend isCompilerDesign: VirtualMachines byWilhelmand Seidl.
Key Takeaways
• CPython executes programs by first translating them into an inter-mediate bytecode and then running the bytecode on a stack-basedvirtual machine.
• You can use the built-in dismodule to peek behind the scenes andinspect the bytecode.
• Study up on virtual machines—it’s worth it.
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Chapter 9
Closing Thoughts
Congratulations—you made it all the way to the end! Time to giveyourself a pat on the back, since most people buy a book and nevereven crack it open or make it past the first chapter.
But now that you’ve read the book, this is where the real work starts—there’s a big difference between reading and doing. Take the newskills and tricks you learned in this book, and go out there and usethem. Don’t let this be just another programming book you read.
What if you started sprinkling some of Python’s advanced features inyour code from now on? A nice and clean generator expression here,an elegant use of the with-statement there…
You’ll catch the attention of your peers in no time—and in a good waytoo, if you do it right. With some practice you’ll have no trouble ap-plying these advancedPython features tastefully, and to only use themwhere they make sense and help make your code more expressive.
And trust me, your colleagues will pick up on this after a while. If theyask you questions, be generous and helpful. Pull everyone around youup and help them learn what you know. Maybe you can even give alittle presentation on “writing clean Python” for your coworkers a fewweeks down the road. Feel free to use my examples from the book.
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There’s a difference between doing a great job as a Python developer,and to be seen doing a great job. Don’t be afraid to stick your headout. If you share your skills and newfound knowledge with the peoplearound you, your career will benefit greatly.
I follow the samemindset in my own career and projects. And so, I’malways looking for ways to improve this book and my other Pythontraining materials. If you’d like to let me know about an error, or ifyou just have a question or want to offer some constructive feedback,then please email me at info@realpython.com.
Happy Pythoning!
— Dan Bader
P.S. Come visit me on the web and continue your Python journey atrealpython.com and on my YouTube channel.
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9.1. Free Weekly Tips for Python Developers
9.1 FreeWeekly Tips for PythonDevelopers
Are you looking for a weekly dose of Python development tips to im-prove your productivity and streamline your workflows? Good news—I’m running a free email newsletter for Python developers just likeyou.
The newsletter emails I send out are not your typical “here’s a list ofpopular articles” flavor. Instead I aim for sharing at least one originalthought per week in a (short) essay-style format.
If you’d like to see what all the fuss is about, then head on overto realpython.com/newsletter and enter your email address in thesignup form. I’m looking forward to meeting you!
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9.2. Real Python Video Course Library
9.2 Real Python Video Course Library
Become a well-rounded Pythonista with Real Python’s large (andgrowing) collection of Python tutorials and in-depth training materi-als. With new content published weekly, you’ll always find somethingto boost your skills:
Master Practical, Real-World Python Skills: Our tutorials arecreated, curated, and vetted by a community of expert Pythonistas. AtReal Python you’ll get the trusted resources you need on your path toPython mastery.
MeetOtherPythonistas: Join theReal PythonSlack chat andmeettheReal PythonTeamand other subscribers. Discuss your coding andcareer questions, vote on upcoming tutorial topics, or just hang outwith us at this virtual water cooler.
Interactive Quizzes & Learning Paths: See where you stand andpractice what you learn with interactive quizzes, hands-on codingchallenges, and skills-focused learning paths.
Track Your Learning Progress: Mark lessons as completed or in-progress and learn at your own comfortable pace. Bookmark interest-ing lessons and review them later to boost long-term retention.
Completion Certiрcates: For each course you complete you re-ceive a shareable (and printable) Certificate of Completion, hostedprivately on the Real Python website. Embed your certificates in yourportfolio, LinkedIn resume, and other websites to show theworld thatyou’re a dedicated Pythonista.
Regularly Updated: Keep your skills fresh and keep up with tech-nology. We’re constantly releasing new members-only tutorials andupdate our content regularly.
See what’s available at realpython.com/courses
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9.3 PythonistaCafe: A Community forPython Developers
Mastering Python is not just about getting the books and courses tostudy. To be successful you also need a way to stay motivated and togrow your abilities in the long run.
Many Pythonistas I know are struggling with this. It’s simply a lot lessfun to build your Python skills completely alone.
If you’re a self-taught developer with a non-technical day job, it’s hardto grow your skills all by yourself. And with no coders in your per-sonal peer group, there’s nobody to encourage or support you in yourendeavor of becoming a better developer.
Maybe you’re already working as a developer, but no one else at yourcompany shares your love for Python. It’s frustrating when you can’tshare your learning progress with anyone or ask for advice when youfeel stuck.
From personal experience, I know that existing online communitiesand social media don’t do a great job at providing that support net-work either. Here are a few of the best, but they still leave a lot to bedesired:
• Stack Overрow is for asking focused, one-off questions. It’s hardto make a human connection with fellow commenters on the plat-form. Everything is about the facts, not the people. For example,moderators will freely edit other people’s questions, answers, andcomments. It feels more like a wiki than a forum.
• Twitter is like a virtualwater cooler and great for “hanging out” butit’s limited to messages that can only be a few sentences long at atime—not great for discussing anything substantial. Also, if you’renot constantly online, you’ll miss out onmost of the conversations.And if you are constantly online, your productivity takes a hit fromthe never-ending stream of interruptions and notifications. Slackchat groups suffer from the same flaws.
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• Hacker News is for discussing and commenting on tech news. Itdoesn’t foster long-term relationships between commenters. It’salso one of themost aggressive communities in tech right nowwithlittle moderation and a borderline toxic culture.
• Reddit takes a broader stance and encourages more “human” dis-cussions than StackOverflow’s one-offQ&A format. But it’s a hugepublic forum with millions of users and has all of the associatedproblems: toxic behavior, overbearing negativity, people lashingout at each other, jealousy, … In short, all the “best” parts of thehuman behavior spectrum.

Eventually I realized that what holds so many developers back istheir limited access to the global Python coding community. That’swhy I founded PythonistaCafe, a peer-to-peer learning communityfor Python developers.

A good way to think of PythonistaCafe is to see it as a club of mutualimprovement for Python enthusiasts:
Inside PythonistaCafe you’ll interactwith professional developers andhobbyists from all over the world whowill share their experiences in asafe setting—so you can learn from them and avoid the samemistakesthey’ve made.
Ask anything you want and it will remain private. You must have anactivemembership to read andwrite comments and as a paid commu-nity, trolling and offensive behavior are virtually nonexistent.
The people you meet on the inside are actively committed to im-proving their Python skills because membership in PythonistaCafeis invite-only. All prospective members are required to submit anapplication to make sure they’re a good fit for the community.
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9.3. PythonistaCafe: A Community for Python Developers
You’ll be involved in a community that understands you, and the skillsand career you’re building, andwhat you’re trying to achieve. If you’retrying to grow your Python skills but haven’t found the support systemyou need, we’re right there for you.
PythonistaCafe is built on a private forum platformwhere you can askquestions, get answers, and share your progress. We have memberslocated all over the world and with a wide range of proficiency levels.
You can learnmore about PythonistaCafe, our community values, andwhat we’re all about atwww.pythonistacafe.com.
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