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   —Warren Myers, Alchemy Global Networks
 

  


 

  

    

        [image: manning]

    


    

    

    

    Python Workout, Second Edition


    200 ten-minute exercises


    Reuven M. Lerner




    

    

    

        To comment go to livebook.

    


    

    

        [image: manning]

    


    

    

        Manning


         Shelter Island


    




    

        For more information on this and other Manning titles go to manning.com.

    


  




              

                copyright


                 

 For online information and ordering of this and other Manning books, please visit www.manning.com. The publisher offers discounts on this book when ordered in quantity. For more information, please contact
 


 

 

   Special Sales Department
 


 

 

   Manning Publications Co.
 


 

 

   20 Baldwin Road        
 


 

 

   PO Box 761
 


 

 

   Shelter Island, NY 11964 
 


 

 

   Email: orders@manning.com
 


 

 

 ©2026 by Manning Publications Co. All rights reserved.
 


 

 

 No part of this publication may be reproduced, stored in a retrieval system, or transmitted, in any form or by means electronic, mechanical, photocopying, or otherwise, without prior written permission of the publisher.
 


 

 

 Many of the designations used by manufacturers and sellers to distinguish their products are claimed as trademarks. Where those designations appear in the book, and Manning Publications was aware of a trademark claim, the designations have been printed in initial caps or all caps.
 


 

 

 Recognizing the importance of preserving what has been written, it is Manning’s policy to have the books we publish printed on acid-free paper, and we exert our best efforts to that end. Recognizing also our responsibility to conserve the resources of our planet, Manning books are printed on paper that is at least 15 percent recycled and processed without the use of elemental chlorine.
 


 

 

 The author and publisher have made every effort to ensure that the information in this book was correct at press time. The author and publisher do not assume and hereby disclaim any liability to any party for any loss, damage, or disruption caused by errors or omissions, whether such errors or omissions result from negligence, accident, or any other cause, or from any usage of the information herein.
 


 

 

  Manning Publications Co.
 20 Baldwin Road
 PO Box 761
 Shelter Island, NY 11964 
 
 


 

 

  Development editor: Frances Lefkowitz
 Review editors: Angelina Lazukić and
 Radmila Ercegovac Production editor: Kathy Rossland Copy editor: Alisa Larson
 Proofreader: Jason Everett
 Technical proofreader: Krzysztof Kamyczek
 Typesetter and cover designer: Marija Tudor 
 


 

 

 ISBN 9781633435353
 


 

 

 Printed in the United States of America
 




              


            

   

   dedication
 

  
 

   

   To my three children, who are also my best teachers — 
Atara Margalit, Shikma Bruria, and Amotz David
 

  


 

  

   contents


  


  

   preface


  


  

   acknowledgments


  


  

   about this book


  


  

   about the author


  


  

   about the cover illustration


  


  

   1 Improving your Python with practice


  


  

   2 Numeric types


  


  

   3 Strings


  


  

   4 Lists and tuples


  


  

   5 Dictionaries and sets


  


  

   6 Files


  


  

   7 Functions


  


  

   8 Functional programming with comprehensions


  


  

   9 Modules and packages


  


  

   10 Objects


  


  

   11 Iterators and generators


  


  

   12 Where to from here?


  


  

   index


  


 

   

   preface
 

  
 

   

   Programming used to be something that only a handful of people did. But with computers at the center of everything we do in the modern world, many people now realize that coding is a useful skill. At the very least, learning to program gives you insights into how computers work. At best, it can give you control over many aspects of your home and work lives.
 

  
 

   

   Python was designed to be easy to learn and use, while still being useful and powerful, and it lives up to those promises. It’s certainly easier to learn than many other languages, such as C++ and Java, which explains the huge growth in its popularity over the last decade or two.
 

  
 

   

   But “easy to learn” doesn’t mean that it always comes easily or naturally. Programming is a skill, one that takes time to learn. Even for programmers who have mastered another language or two, it can take time to internalize Python’s ways of doing things. I often encounter people who use Python in their full-time jobs but still haven’t mastered native Python idioms, resulting in code that works but has what I call “a heavy Java accent.”
 

  
 

   

   That’s where Python Workout comes in. Through repeated practice with exercises that focus on specific aspects of the language, you’ll improve your understanding of how to use Python.
 

  
 

   

   The exercises are designed to help you internalize some of the core ideas in Python: core data structures, functions, comprehensions, object-oriented programming, and iterators. These might seem like simple topics, perhaps even too simple for a book of exercises. But all of Python, from the largest application to the smallest script, is based on these building blocks. Knowing them well is a crucial part of being a fluent Python developer. I often say that ignoring these building blocks in favor of more complex topics is akin to a chemistry student ignoring the elements in favor of “real” chemicals.
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   about this book
 

  
 

   

   Python Workout isn’t designed to teach you Python, although I hope and expect that you’ll learn quite a bit along the way. It is meant to help you improve your understanding of Python and how to use it to solve problems. You can think of it as a workbook, one whose power and learning potential depend on you. The more effort you put into this book, the more you’ll get out of it.
 

  
 

   

   In other words, this is a book that you should not just read or page through. For the learning to happen, you’ll have to spend time answering the questions and making inevitable mistakes. There’s a world of difference between reading a solution and writing the solution yourself. I hope you’ll invest time in addressing the problems; I promise it’s an investment that’ll repay you handsomely in the future.
 

  
 

   

   By the time you finish Python Workout, you will have solved many problems having to do with core data structures, functions, comprehensions, modules, objects, and iterators. You will understand how to use them effectively and will know how to use them in various idiomatic ways. Once you’ve finished with these exercises, you’ll find it easier to design and write Python programs for work and pleasure.
 

  
 

   

   Note that it’s not cheating to get help from AI chatbots such as ChatGPT, Claude, and Gemini. However, I encourage you to avoid asking them to write code for you; instead, ask specific questions about your problem-solving strategy or aspects of Python you’ve forgotten.
 

  
 

   

   I do hope that as you progress through the book and then use Python in your career, you’ll find yourself consulting such documentation less or only for more advanced topics.
 

  
 

   

   Who should read this book
 

  
 

   

   This book is aimed at developers who have taken a Python course or perhaps read an introductory book on the language. Indeed, the bulk of these exercises are aimed at people in my intro Python course or who have recently finished it. You should already have an understanding of basic constructs, such as if and for, as well as the core data structures, such as strings, lists, tuples, and dictionaries.
 

  
 

   

   But there’s a difference between having a passing familiarity with these topics and knowing how to apply them to actual problems. If you can get by with Python but find yourself going to a GenAI chatbot many times each day, this book will help you to become more confident and independent as you write Python code. I’d argue that if you have been using Python regularly for less than six months, you’ll gain from this book.
 

  
 

   

   How this book is organized: A road map
 

  
 

   

   This book has ten chapters of exercises, each focusing on a different aspect of Python. However, the exercises in each chapter will use techniques from other chapters. For example, nearly every exercise asks you to write a function or a class, even though functions are introduced in chapter 7 and classes are introduced in chapter 10. Think of the names as general guidelines, rather than strict rules, for what you’ll be practicing and learning in each chapter.
 

  
 

   

   The exercise chapters are
 

  
 

   

   	 Chapter 2, numeric types —Integers and floats and converting between numbers and strings 
 

   	 Chapter 3, strings —Working with strings, and seeing them not just as text, but also as sequences over which you can iterate 
 

   	 Chapter 4, lists and tuples —Creating, modifying (in the case of lists), and retrieving from lists and tuples 
 

   	 Chapter 5, dictionaries and sets —Exploring the different ways you can use dicts, and some of their useful methods; also, some uses for sets, which are related to dicts 
 

   	 Chapter 6, files —Reading from and writing to files 
 

   	 Chapter 7, functions —Writing functions, including nested functions; exploring Python’s scoping rules 
 

   	 Chapter 8, functional programming with comprehensions —Solving problems with list, set, and dict comprehensions 
 

   	 Chapter 9, modules and packages —Writing and using modules in a Python program 
 

   	 Chapter 10, objects —Creating classes, writing methods, using attributes, and understanding inheritance 
 

   	 Chapter 11, iterators and generators —Adding the iterator protocol to classes, writing generator functions, and writing generator comprehensions 
 

  
 

   

   For each exercise, you’ll find five components:
 

  
 

   

   	 Exercise —A problem statement for you to tackle. 
 

   	 Working It Out —A detailed discussion of the problem and how to solve it. 
 

   	 Solution —The solution code, along with a link to the code on the Python Tutor (http://pythontutor.com/) site, so you can execute it. Solution code, along with test code for each solution, is also available on GitHub at https://github.com/reuven/python-workout. 
 

   	 Beyond the Exercise —Three additional, related exercises. These questions are neither answered nor discussed in the book, but the code is downloadable, along with all other solution code from the book. (See the next section for details.) And you can discuss these additional exercises and compare solutions with other Python Workout readers in the book’s online forum in Manning’s liveBook platform. 
 

  
 

   

   Alongside the exercises are numerous sidebars, each explaining a topic that often confuses Python developers. For example, there are sidebars on f-strings, variable scoping, and what happens when you create a new object. The book also contains numerous hints, tips, and notes—all pointers meant to help you improve your Python coding fluency and to warn you away from repeating mistakes that I have made many times over the years.
 

  
 

   

   About the code 
 

  
 

   

   This book contains a great deal of Python code. Unlike most books, the code reflects what you are supposed to write, rather than what you’re supposed to read. If experience is any guide, some readers (maybe you!) will have better, more elegant, or more correct solutions than mine. If this is the case, don’t hesitate to contact me. 
 

  
 

   

   Solutions to all exercises, including the Beyond the Exercise questions, are available in two places: on Python Tutor (http://pythontutor.com), which provides an environment for you to execute the code, or on GitHub at https://github.com/reuven/python-workout, which allows you to download the code. Not only does this repository contain all the solutions, but it also includes pytest tests for each of them. (Unfamiliar with pytest? I strongly encourage you to read about it at https://pytest.org/ and to use it to check your code.)
 

  
 

   

   There are some small differences between the code in the GitHub repository and what is published in the book. In particular, the solutions in the book don’t include docstrings for functions, classes, and modules; the docstrings are included in the downloadable repository.
 

  
 

   

   This book contains many examples of source code—both in numbered listings and in line with normal text. In both cases, source code is formatted in a fixed-width font like this to separate it from ordinary text. Sometimes code is also in bold to highlight code that has changed from previous steps in the chapter, such as when a new feature adds to an existing line of code.
 

  
 

   

   In many cases, the original source code has been reformatted; we’ve added line breaks and reworked indentation to accommodate the available page space in the book. In rare cases, even this was not enough, and listings include line-continuation markers (↪). Additionally, comments in the source code have often been removed from the listings when the code is described in the text. Code annotations accompany many of the listings, highlighting important concepts.
 

  
 

   

   I hope that the combination of the solution code (in print), explanation, Python Tutor link, downloadable code, and pytest tests will help you to fully understand each solution and apply its lessons to your own code.
 

  
 

   

   You can get executable snippets of code from the liveBook (online) version of this book at https://livebook.manning.com/book/python-workout-second-edition. The complete code for the examples in the book is available for download from the Manning website at https://www.manning.com/books/python-workout-second-edition and from GitHub at https://git.manning.com/agileauthor/lerner3/-/tree/main/images?ref_type=heads. 
 

  
 

   

   Software/hardware requirements
 

  
 

   

   First and foremost, this book requires that you have a copy of Python installed. You can download and install it most easily from https://python.org/. I suggest installing the latest version available. There are also alternative ways to install Python, including the Windows Store or Homebrew for the Mac. This book will work with any version of Python from 3.12 and up.
 

  
 

   

   You don’t technically need to install an editor or IDE (integrated development environment) for Python, but it’ll certainly come in handy. Two of the most popular IDEs are PyCharm (from JetBrains) and VSCode (from Microsoft). You could also use Jupyter, or even the browser-based Jupyter Lite, both available at https://jupyter.org/. But really, you can and should use whichever editor works best for you. Python doesn’t really care what version you’re using.
 

  
 

   

   liveBook discussion forum
 

  
 

   

   Purchase of Python Workout, Second Edition includes free access to liveBook, Manning’s online reading platform. Using liveBook’s exclusive discussion features, you can attach comments to the book globally or to specific sections or paragraphs. It’s a snap to make notes for yourself, ask and answer technical questions, and receive help from the author and other users. To access the forum, go to https://livebook.manning.com/book/python-workout-second-edition/discussion. 
 

  
 

   

   Manning’s commitment to our readers is to provide a venue where a meaningful dialogue between individual readers and between readers and the author can take place. It is not a commitment to any specific amount of participation on the part of the author, whose contribution to the forum remains voluntary (and unpaid). We suggest you ask the author some challenging questions, lest his interest stray! The forum and the archives of previous discussions will be accessible from the publisher’s website as long as the book is in print.
 

  
 

 

   

   about the author
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   Reuven M. Lerner is a full-time Python trainer, in business since 1995. He mainly teaches via his LernerPython learning platform, with numerous courses and exercises on Python, pandas, and Git. Reuven publishes Python articles to his “Better Developers” newsletter (https://BetterDevelopersWeekly.com) and is active on YouTube (https://www.youtube.com/reuvenlerner).
 

  


 

   

   about the cover illustration
 

  
 

   

   The figure on the cover of Python Workout is “Femme Tongouse,” or “Woman of Tunguska, Northern Siberia,” taken from a collection by Jacques Grasset de Saint-Sauveur, published in 1788. The illustration is finely drawn and colored by hand.
 

  
 

   

   In those days, it was easy to identify where people lived and what their trade or station in life was just by their dress. Manning celebrates the inventiveness and initiative of the computer business with book covers based on the rich diversity of regional cultures centuries ago, brought back to life through images from collections such as this one.
 

  


 

   

   
1  Improving your Python with practice

 

  
 

   

   Python is hotter than ever: companies are adopting it. Universities are teaching it. Hobbyists are learning it. But Python isn’t new; it has been around for more than 30 years. So why is everyone suddenly hot on Python?
 

  
 

   

   Because Python offers what educator Seymour Papert once described as “low floors and high ceilings.” It’s relatively easy to learn, allowing almost anyone to get things done with a minimum of practice and training. But it’s also a serious language with impressive capabilities, which means that the same language you use to teach intro programming classes in middle school is used in mission-critical applications for multibillion-dollar companies. Your bank is probably using Python, as are the servers powering numerous apps on your smartphone, as are the cloud servers for your favorite social media and video sites.
 

  
 

   

   For many years, people either learned to program in easy-to-learn, underpowered programming languages, like Basic or Scratch, or in hard-to-learn serious languages, such as C and Java. If you’re an experienced developer, then C and Java might not seem that overwhelming or difficult, but to someone new to the field, such languages have extremely steep learning curves.
 

  
 

   

   But Python is also attractive to experienced developers. Its rich core data structures, first-class functions, flexible objects, generators, support for concurrency, and cross-platform support make it an attractive alternative to other languages. On no small number of occasions, my students have expressed surprise by what I’m able to do in just three or four lines of Python, saying, “Do you know how much Java I would need to write to do the same thing?”
 

  
 

   

   Python is particularly popular among people working with data (data analysts, data engineers, data scientists), DevOps engineers, web developers, and people writing automated tests. But it has also made inroads among educators, system administrators, investors, and people working in network security—and let’s not forget researchers, statisticians, and even architects.
 

  
 

   

   Moreover, Python is an open source language, developed by its community of users. The core developers direct their efforts on what will benefit the language’s users, rather than what will be profitable and effective in the short term.
 

  
 

   

   The role of exercises
 

  
 

   

   Because of Python’s minimalist, consistent syntax, many developers use it without any formal training or practice. I’ve met many people who never really learned Python, but who held full-time coding positions in the language thanks to a combination of experience in other languages, sites like Stack Overflow, and AI chatbots such as ChatGPT. And indeed, someone in this position can write a lot of working code. 
 

  
 

   

   But every language has its own idioms, nuances, and expectations, and programming languages are no exception. I’ve met many people who write Python in what I call a “heavy Java accent.” Even if the code works, it is likely longer, less efficient, and less maintainable than idiomatic code. Moreover, Python’s data structures, functions, and objects have capabilities that often surprise people coming from other languages, solving problems in ways that you don’t expect if you haven’t spent time digging into Python.
 

  
 

   

   Moreover, Python is consistent about its use of certain key ideas and terms, such as sequence, positional argument, and attribute. Knowing what these mean helps you not only to get a better mental model of how the language works but also improves your understanding of the documentation. 
 

  
 

   

   Using Python effectively means learning how it is meant to be used. And while we would all like to think that we’re able to learn something by reading about it, that’s not real learning. I’m certainly guilty of nodding my head in class, convinced that I have understood what an instructor said, only to find myself at a loss when I have to use that knowledge to solve real problems.
 

  
 

   

   For this reason, taking a Python class, or reading a Python book, is a good first step in using Python effectively. But it isn’t enough. To use the language to its fullest, you need to practice. Only through repeated, directed practice will you truly understand and internalize how the language works, how you should use it, and what tradeoffs you’re making with each decision.
 

  
 

   

   That’s where this book comes in: Python Workout isn’t meant to teach you Python. It assumes that you have already taken a Python course, read an introductory book, or gained some experience on your own. But as you go through the challenges posed by each exercise, you’ll slowly but surely understand how Python is meant to be used—from core data structures to loops to functions to objects.
 

  
 

   

   I often make the analogy between learning to program and learning a foreign language. It’s somewhat obvious that you cannot learn a foreign language by reading a dictionary and description of its grammar; you need to spend time practicing, making mistakes, learning from those mistakes, and then moving forward. For this reason, I often tell people that Python Workout should be your second Python book. It assumes that you already know how to write Python code—that you’re familiar with the core data structures, writing functions, working with files, and the basics of object-oriented programming. The point of this book is to sharpen your understanding and skills and to help you internalize the way that Python is meant to be used. The result will be more readable, maintainable code, which, in the world of Python, is generally considered more important than the speed with which the code runs.
 

  
 

   

   The exercises in this book come from my 30 years of teaching Python. I’ve seen where people struggle and stumble, and I’ve written (and adjusted) my exercises to help them understand and absorb the right way to use Python. Each insight that you get from an exercise will help you to better understand how to solve problems.
 

  
 

   

   Often, those insights will come from making mistakes. It’s natural to want to avoid making mistakes, and I’m not encouraging you to make them on purpose. However, mistakes—and reflection upon those mistakes—are one of the best ways to learn. Every time you fail to solve an exercise correctly, look at my solution and understand where you went wrong, you’ll absorb and remember the lesson much better than if I had just told you. 
 

  
 

   

   Scope and goal
 

  
 

   

   This book is meant for people who have already learned Python, have been using it for up to a year, and want to sharpen their skills. It’s not an introductory Python book; if you haven’t ever coded in Python, I strongly suggest you first read another book or take an introductory course and then return here. (I’ll wait patiently, I promise!)  
 

  
 

   

   The point of this book is to refine and improve your Python knowledge and make you a more fluent coder. In many ways, that simply means knowing which tool to use to solve a problem. Choosing the right data structure, function, or object can make the difference between complex, slow-running code and simple, fast-running code. As you go through the exercises in this book, you’ll start to understand when you should use various techniques. For example, it’s common for people to shy away from using comprehensions—both because of their syntax and because it’s not always obvious when they’re appropriate. After doing the exercises in chapter 8, you will likely have a newfound appreciation for comprehensions, and you will also know better when to use them versus a regular for loop.
 

  
 

   

   I hope that after going through all of the exercises in Python Workout, you’ll not only know better how to use Python to solve problems, but you’ll also feel more confident in your ability to do so.
 

  
 

   

   What’s in the book?
 

  
 

   

   This book reflects all of the topics that I teach in my intro Python courses, along with some topics that go into my intermediate course. The idea is to give you practice with the aspects of Python that everyone needs to know fluently when working with the language.
 

  
 

   

   I can’t stress this point enough: the best Python developers, doing the most sophisticated things, are the ones who are fluent with the use of core data structures—strings, lists, tuples, dictionaries, and sets. Yes, knowing how to write and work with classes is an important skill. But objects themselves are built out of those core data structures. As a result, the first exercises in the book discuss these core data structures:
 

  
 

   

   	 Chapter 2 discusses numbers. 
 

   	 Chapter 3 discusses strings. 
 

   	 Chapter 4 is about lists and tuples. 
 

   	 Chapter 5 is about dictionaries and sets. 
 

   	 Chapter 6 is about files. 
 

  
 

   

   Following these initial chapters, we then discuss techniques for organizing our code:
 

  
 

   

   	 Chapter 7 is about functions. 
 

   	 Chapter 8 looks at functional programming. 
 

   	 Chapter 9 is about modules and packages. 
 

   	 Chapter 10 is about object-oriented programming. 
 

   	 Chapter 11 is about iterators and generators.  
 

  
 

   

   What do you need?
 

  
 

   

   The only real requirements for doing the exercises in Python Workout are a modern (3.10 or better) version of Python and an environment in which you can write and run your Python code. For some people, that means using an IDE such as PyCharm (https://www.jetbrains.com/pycharm/) or Visual Studio Code (https://code.visualstudio.com/). For others, that means using Jupyter, whose Jupyter Lite version (https://jupyter.org/try-jupyter/lab/) can even run inside of your browser, without any external dependencies. You might even want to try Marimo (https://marimo.io), a modern notebook that I’ve increasingly been using in my courses.
 

  
 

   

   Beyond that? You don’t need anything except time and patience.
 

  
 

   

   For each exercise, you should
 

  
 

   

   	 Read the question. 
 

   	 Answer it as best as you can. 
 

   	 Read my solution and explanation. 
 

   	 Compare my solution with yours and see where you can improve (or where I have a bug!). 
 

  
 

   

   What about AI?
 

  
 

   

   When I was an undergraduate in the early 1990s, I took a course in artificial intelligence. Even then, AI seemed like the next big thing, but after several decades of AI researchers claiming success was around the corner, most people had given up hope of ever seeing it happen. And then, just a few years ago, many decades of AI research finally paid off: ChatGPT and other chatbots demonstrated that they could interact with people in a human-like way. Moreover, they could answer our questions, both about the world and about documents that we uploaded via the chatbot’s interface. Most amazingly, these chatbots could code. And of course, they could code in Python.
 

  
 

   

   I’m not against AI. I personally benefit every day from these amazing technologies, and my monthly payments for ChatGPT, Claude, and GitHub’s Copilot are worth every penny. But I say this as an experienced developer, one who has learned how to code, can recognize mistakes and bad code, and isn’t afraid to say “no” to a chatbot. I see AI as a brainstorming partner or intellectual adversary with whom I can flesh out my ideas, not as an expert who can and should write code for me.
 

  
 

   

   When ChatGPT first came out, no small number of people quipped that “the next big programming language is English.” After all, if you can describe what you want to do in English and get code out of the chatbot, why not? There’s even a term for this: vibe-coding. There are at least three problems with vibe-coding, though.
 

  
 

   

   First and foremost, the code often doesn’t work or has holes or security issues. There’s a reason why we use programming languages, which are artificial and unambiguous, rather than human languages, which are natural and full of ambiguity, to tell computers what to do. If you’ve ever worked on a software project, you know that even the most rigorous specifications will often contain some ambiguity, leading to missed deadlines or even catastrophic failures. Anyone who has ever done contract programming work for a nontechnical client knows that the distance between their specification, well-meaning as it might be, and actual working code is huge. The notion that the entire world will soon be vibe-coding their own projects, rather than asking programmers to do it for them, is unrealistic, to say the least.
 

  
 

   

   A second problem with this approach is that modern AI is basically a souped-up autocomplete, which means that you need to set up the start of the function or class definition for the completion to make sense. AI tools are a tremendous help when you are an experienced coder. I’ve heard, and even seen, that when you use an AI-enabled editor or notebook, you can progress much more quickly than just on your own. However, you need to inspect what the chatbot gave you before blindly accepting it. So yes, by all means, you should use an AI-based editor—but only after you have gained some experience.
 

  
 

   

   Finally, and most significantly for this book, using AI gives you the illusion of learning and progress but actually impedes both. The only way to learn is to solve problems, reflect on your mistakes, and then move forward. It’s frustrating and slow, but that’s the only way. Asking AI to help you solve the problem isn’t like someone training for a marathon wearing better running shoes. Rather, it’s like giving them a motorcycle. They’ll have the illusion that they can run in record time, but when push comes to shove, and they need to do the job under real-world conditions, they’ll either find themselves unable to do it or will basically be showcasing the chatbot’s work, rather than their own.
 

  
 

   

   For all of these reasons, I encourage you to turn off any AI-related enhancements that your editor, notebook, or other programming environment might offer when solving the problems in Python Workout. Go through each exercise, trying to understand how you might solve it. Then go ahead and attempt to solve the problem itself. You’ll make mistakes, but that’s an important part of the learning process. When you’re done with the book, and you reactivate the AI help in your editor, its suggestions (good and bad) will make sense to you. You’ll have a better sense of what to accept, and what to reject. And you’ll be ready to solve bigger and tougher problems than before.
 

  


 

   

   
2  Numeric types

 

  
 

   

   Whether you’re calculating salaries, bank interest, or cellular frequencies, it’s hard to imagine a program that doesn’t use numbers in one way or another. Python has three different numeric types: int, float, and complex. For most of us, it’s enough to know about (and work with) int (for whole numbers) and float (for numbers with a fractional component), so we’ll leave complex numbers aside for now.  
 

  
 

   

   Numbers are not only fundamental to programming, but they also give us a good introduction to how a programming language operates. Understanding how variable assignment and function arguments work with integers and floats will help you to reason about more complex types, such as strings, tuples, and dicts.
 

  
 

   

   This chapter contains exercises that work with numbers, as inputs and as outputs. Although working with numbers can be fairly basic and straightforward, converting between them and integrating them with other data types, can sometimes take time to get used to.
 

  
 

   

   Useful references
 

  
 

   

   
Table 2.1 What you need to know
 

    

     

      

      	 

       

         Concept 

       
  

      	 

       

         What is it? 

       
  

      	 

       

         Example 

       
  

      	 

       

         To learn more 

       
  

     
 

     

     

      

      	  random 
  

      	  Module for generating random numbers and selecting random elements 
  

      	  number = random.randint(1, 100) 
  

      	  http://mng.bz/Z2wj 
  

     
 

      

      	  Comparisons 
  

      	  Operators for comparing values 
  

      	  x < y 
  

      	  http://mng.bz/oPJj 
  

     
 

      

      	  f-strings 
  

      	  Strings into which expressions can be interpolated 
  

      	  f 'It is currently {datetime.datetime.now()}' 
  

      	  http://mng.bz/1z6Z and http://mng.bz/PAm2 
  

     
 

      

      	  for loops 
  

      	  Iterates over the elements of an iterable 
  

      	  for i in range(10): print(i*i) 
  

      	  http://mng.bz/Jymp 
  

     
 

      

      	  input 
  

      	  Prompts the user to enter a string, and returns a string 
  

      	  input('Enter your name: ') 
  

      	  http://mng.bz/wB27 
  

     
 

      

      	  enumerate 
  

      	  Helps us to number elements of iterables 
  

      	  for index, item in enumerate('abc'): print(f'{index}: {item}') 
  

      	  http://mng.bz/qM1K 
  

     
 

      

      	  reversed 
  

      	  Returns an iterator with the reversed elements of an iterable 
  

      	  r = reversed('abcd') 
  

      	  http://mng.bz/7XYx 
  

     
 

     

   
 

  
 

   

   Exercise 1 ■ Number guessing game
 

  
 

   

   This first exercise is designed to get your fingers warmed up for the rest of the book. It also introduces a number of topics that will repeat themselves over your Python career: loops, user input, converting types, and comparing values. 
 

  
 

   

   More specifically, programs all have to get input to do something interesting, and that input often comes from the user. Knowing how to ask the user for input is not only useful but also allows us to think about the type of data we’re getting, how to convert it into a format we can use, and what the format would be.
 

  
 

   

   As you might know, Python only provides two kinds of loops: for and while. Knowing how to write and use them will serve you well; nearly every data structure is iterable, meaning that it knows how to behave inside of a for loop. If you’re working with database records, elements in an XML file, or the results from searching for text using regular expressions, you’ll be using for loops quite a bit. 
 

  
 

   

   For this exercise
 

  
 

   

   	 Write a function (guessing_game) that takes no arguments. 
 

   	 When run, the function chooses a random integer between 0 and 100 (inclusive). 
 

   	 Then ask the user to guess what number has been chosen. 
 

   	 Each time the user enters a guess, the program indicates one of the following: 

     

     	 Too high 
 

     	 Too low 
 

     	 Just right 
 

    
 
 

   	 If the user guesses correctly, the program exits. Otherwise, the user is asked to try again. 
 

   	 The program only exits after the user guesses correctly. 
 

  
 

   

   We’ll use the randint (http://mng.bz/mBEn) function in the random module to generate a random number. Thus, you can say 
 

  
 

   

    

    import random

number = random.randint(10, 30)
  

   
 

  
 

   

   and number will contain an integer from 10 to (and including) 30. We can then do whatever we want with number—print it, store it, pass it to a function, or use it in a calculation.
 

  
 

   

   NOTE  In Python, both variables and functions are traditionally named with all lowercase letters, with _ (underscore) characters between words. You can use capital letters, but they are normally reserved for class names.
 

  
 

   

   We’ll also be prompting the user to enter text with the input function. We’ll actually be using input quite a bit in this book to ask the user to tell us something. The function takes a single string as an argument, which is displayed to the user. The function then returns the string containing whatever the user entered. For example, 
 

  
 

   

    

    name = input('Enter your name: ')

print(f'Hello, {name}!')
  

   
 

  
 

   

   NOTE  If the user simply presses Enter when presented with the input prompt, the value returned by input is an empty string, not None. Indeed, the return value from input will always be a string, regardless of what the user entered. 
 

  
 

   

   Working it out
 

  
 

   

   At its heart, this program is a simple application of the comparison operators (==, <, and >) to a number, such that a user can guess the random integer that the computer has chosen. However, several aspects of this program merit discussion. 
 

  
 

   

   First and foremost, we use the random module to generate a random number. After importing random, we can then invoke random.randint, which takes two parameters, returning a random integer. In general, the random module is a useful tool whenever you need to choose a random value.  
 

  
 

   

   The maximum number in random.randint is inclusive. This is unusual in Python; most of the time, such ranges in Python are exclusive, meaning that the higher number is not included.
 

  
 

   

   TIP  The random module doesn’t just generate random numbers. It also offers a variety of other functions, including some that choose elements from a Python sequence.  
 

  
 

   

   Now that the computer has chosen a number, it’s the user’s turn to guess what that number is. Here, we start an infinite loop in Python, which is most easily created with while True. Of course, it’s important that there be a way to break out of the loop; in this case, it will be when the user correctly guesses the value of answer. When that happens, the break command is used to exit from the innermost loop.  
 

  
 

   

   The input (http://mng.bz/wB27) function always returns a string. So, if we want to guess a number, we must turn the user’s input string into an integer. We make this conversion in the same way as all conversions in Python: by using the target type as a function, passing the source value as a parameter. Thus int('5') will return the integer 5, whereas str(5) will return the string '5'. You can also create new instances of more complex types by invoking the class as a function, as in list('abc') and dict([('a', 1), ('b', 2), ('c', 3)]). 
 

  
 

   

   NOTE  If you don’t have Python installed on your computer, you can use Jupyter Lite (https://jupyter.org/try-jupyter/lab/), which gives you a fully working version of Python and Jupyter inside of your browser. 
 

  
 

   

   While == and != allow you to compare any two values, regardless of type, the < and > comparison operators only work with two values of the same type. If you neglect to turn the user’s input into an integer, the program will exit with an error, saying that it can’t compare a string (i.e., the user’s input) with an integer.
 

  
 

   

   In this exercise, and the rest of this book, I use f-strings to insert values from variables into our strings. I’m a big fan of f-strings and encourage you to try them as well. (See the sidebar discussing f-strings later in this chapter.) 
 

  
 

   

    

    Saved by the walrus
 

   
 

    

    People coming to Python from other languages are often surprised by how commonly we use while True. The loop runs forever unless we get input that triggers the use of break. 
 

   
 

    

    Isn’t there a better way? Some suggest using the following code:
 

   
 

    

     

     while s = input('Enter thoughts:'):

    print(f'Your thoughts are: {s}')
  

    
 

   
 

    

    This makes a lot of sense—we’ll ask the user for their input and assign that to s. However, the value assigned to s will then be passed to while, which will evaluate it as a Boolean. If we get an empty string, the Boolean value is False, and we exit from the loop.
 

   
 

    

    There’s just one problem with this code: it won’t work. That’s because assignment in Python is not an expression—that is, it doesn’t return a value. If it doesn’t return a value, it can’t be used in a while loop.
 

   
 

    

    We can get it to work using the assignment expression operator, which looks like := (a colon followed by an equal sign). But no one really calls it the “assignment expression operator”; from early on, it’s been called the walrus operator. (Tilt your head 90 degrees to the left, and you can understand why.) Also from early on, this operator has been highly controversial. Some people have said that it introduced unnecessary complexity and potential bugs into the language. 
 

   
 

    

    Here’s how the previous loop would look using the walrus operator:
 

   
 

    

     

     while s := input('Enter thoughts:'):

    print(f'Your thoughts are: {s}')
  

    
 

   
 

    

    With the walrus, we can finally be rid of while True loops and their potential for havoc! But wait—don’t we need to worry about the weird effects of assignment in a while loop’s condition? Maybe, and that’s part of the controversy.
 

   
 

    

    Indeed, the argument among Python developers wasn’t over whether the walrus operator works. Rather, people disagreed over whether the shorter code we could get from the walrus operator was worth the complexity it added to the language.
 

   
 

    

    I was convinced, in no small part, by the fact that regular assignment and the assignment operator are not interchangeable: where one can be used, the other cannot. I think that reduces the potential for abuse.
 

   
 

    

    If you want to learn more about the walrus operator, its controversy, and why it’s actually quite useful, I suggest that you watch Dustin Ingram’s talk from PyCon 2019, in which he makes an effective case for it (http://mng.bz/nPxv). There’s also a good article by Geir Arne Hjelle on the Real Python website (https://realpython.com/python-walrus-operator/). You can also read more about this operator in Python Enhancement Proposals (PEP) 572, where it was introduced and defined (http://mng.bz/vxOx). 
 

   
 

  
 

   

   Solution
 

  
 

   

    

    import random





def guessing_game():

    answer = random.randint(0, 100)



    while True:

        user_guess = int(input('What is your guess? '))



        if user_guess == answer:

            print(f'Right!  The answer is {user_guess}')

            break



        if user_guess < answer:

            print(f'Your guess of {user_guess} is too low!')



        else:

            print(f'Your guess of {user_guess} is too high!')



guessing_game()
  

   
 

  
 

   

   You can work through a version of this code in the Python Tutor at http://mng.bz/vx1q.
 

  
 

   

   NOTE  We’re going to assume, for the purposes of this exercise, that our user will only enter valid data, namely integers. Remember that the int function normally assumes that we’re giving it a decimal number, which means that its argument may contain only digits. If you really want to be pedantic, you can use the str.isdigit method (http://mng.bz/oPVN) to check that a string contains only digits. Or you can trap the ValueError exception you’ll get if you run int on something that can’t be turned into an integer. 
 

  
 

   

    

    Walk through your code using Python Tutor
 

   
 

    

    In this book, I use many diagrams from the Python Tutor (https://pythontutor.com/), an amazing online resource for teaching and learning Python. (I often use it in my in-person classes.) You can enter nearly any Python code into the site and then walk through its execution, piece by piece. Most of the solutions in this book have a link pointing to the code in the Python Tutor so that you can run it without typing it into the site.
 

   
 

    

    In Python Tutor, global variables (including functions and classes) are shown in the global frame. Remember if you define a variable outside a function, you’ve created a global variable. Any variables you create inside a function are local variables and are shown in Python Tutor inside their own shaded boxes. Simple data structures, such as integers and strings, are shown alongside the variables pointing to them, whereas lists, tuples, and dicts are shown in graphical format. 
 

   
 

  
 

   

   Beyond the exercise
 

  
 

   

   You’ll often be getting input from users, and because it comes as a string, you’ll often need to convert it into another type, such as (in this exercise) integers. Here are some additional ideas for ways to practice this idea:
 

  
 

   

   	 Modify this program so that it gives the user only three chances to guess the correct number. If they try three times without success, the program tells them that they didn’t guess in time and then exits. 
 

   	 Not only should you choose a random number, but you should also choose a random number base, from 2 to 16, in which the user should submit their input. If the user inputs 10 as their guess, you’ll need to interpret it in the correct number base; 10 might mean 10 (decimal), or 2 (binary), or 16 (hexadecimal). 
 

   	 Try the same thing but have the program choose a random word from the dictionary and then ask the user to guess the word. (You might want to limit yourself to words containing two to five letters to avoid making it too horribly difficult.) Instead of telling the user that they should guess a smaller or larger number, have them choose an earlier or later word. 
 

  
 

   

    

    f-strings
 

   
 

    

    Many people, when doing the Number Guessing Game exercise, try to print a combination of a string and a number, such as “You guessed 5.” They quickly discover that Python doesn’t allow you to add (using +) strings and integers. How, then, can you include both types in the same line of output?
 

   
 

    

    This problem has long troubled newcomers to Python from other languages. The earliest method was to use the % operator on a string: 
 

   
 

    

     

     'Hello, %s' % 'world'
  

    
 

   
 

    

    While C programmers rejoiced at having something that worked like printf, everyone else found this technique to be frustrating. Among other things, % wasn’t superintuitive for new developers, forced you to use parentheses when passing more than one argument, and didn’t let you reference repeated values easily.
 

   
 

    

    It was thus a vast improvement when the str.format method was introduced into Python, letting us say 
 

   
 

    

     

     'Hello, {0}'.format('world')
  

    
 

   
 

    

    Whereas I loved the use of str.format, many newcomers to Python found it very long and a bit hard to use. In particular, they didn’t like the idea of referencing variables on the left and giving values on the right. And the syntax inside of the curly braces was unique to Python, which was frustrating for all. 
 

   
 

    

    Python 3.6 introduced f-strings, which are similar to the sort of double-quoted strings programmers in Perl, PHP, Ruby, and Unix shells have enjoyed for decades. f-strings work basically the same way as str.format but without having to pass arguments:
 

   
 

    

     

     name = 'world'

f'Hello, {name}'
  

    
 

   
 

    

    It’s actually even better than that. You can put whatever expression you want inside the curly braces, and it’ll be evaluated when the string is evaluated. For example,
 

   
 

    

     

     name = 'world'

x = 100

y = 'abcd'

f'x * 2 = {x*2}, and y.capitalize() is {y.capitalize()}'
  

    
 

   
 

    

    You can also affect the formatting of each data type by putting a code after a colon (:) inside of the curly braces. For example, you can force the string to be aligned left or right, on a field of 10 hash marks (#), with the following:
 

   
 

    

     

     name = 'world'

first = 'Reuven'

last = 'Lerner'

f'Hello, {first:#<10} {last:#>10}'     #1
 

      #1 The format code #&lt;10 means that the string should be placed, left-aligned, in a field of 10 characters, with # placed wherever the word doesn’t fill it. The format code #&gt;10 means the same thing but right-aligned.

      


     
 

    
 

   
 

    

    I definitely encourage you to take a look at f-strings and to use them. They’re one of my favorite changes to Python from the last few years. 
 

   
 

    

    For more information on f-strings, check the following resources:
 

   
 

    

    	 Python F-Strings, which is all about f-strings (https://fstring.help/) 
 

    	 “Python’s F-String for String Interpolation and Formatting,” by Joanna Jablonski, a long article about f-strings and how they can be used (https://realpython.com/python-f-strings/) 
 

    	 PEP 498, Literal String Interpolation, which introduced f-strings (https://peps.python.org/pep-0498/). 
 

   
 

  
 

   

   Exercise 2 ■ Summing numbers
 

  
 

   

   One of my favorite types of exercises involves reimplementing functionality that we’ve seen elsewhere, either inside of Python or in Unix. That’s the background for this next exercise, in which you’ll reimplement the sum (http://mng.bz/MdW2) function that comes with Python. That function takes a sequence of numbers and returns the sum of those numbers. So if you were to invoke sum([1,2,3]), the result would be 6. 
 

  
 

   

   The challenge here is to write a mysum function that does the same thing as the built-in sum function. However, instead of taking a single sequence as a parameter, it should take a variable number of arguments. Thus, although you might invoke sum([1,2,3]), you’d instead invoke mysum(1,2,3) or mysum(10,20,30,40,50). 
 

  
 

   

   NOTE  The built-in sum function takes an optional second argument, which we’re ignoring here. That argument lets you start counting with a value other than 0. 
 

  
 

   

   And no, you shouldn’t use the built-in sum function to accomplish this! (You’d be amazed just how often someone asks me this question when I’m teaching courses.) 
 

  
 

   

   This exercise is meant to help you think about not only numbers but also the design of functions. In particular, you should think about the types of parameters functions can take in Python. In many languages, you can define functions multiple times, each with a different type signature (i.e., number and type of parameters). In Python, only one function definition (i.e., the last time that the function was defined) sticks. The flexibility comes from the appropriate use of the different parameter types.
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