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preface


  We’re probably the luckiest generation in human history. We’re no longer in the Neolithic Age or the Industrial Age; we’ve entered the Information Age. Advanced information technologies, particularly computers and networks, have transformed human life. We can take a flight from our hometown to another place thousands of miles away in less than half a day. We can make a doctor’s appointment using a smartphone and attend the appointment through a video call, if we prefer. We can order almost anything from online stores and get it delivered within days or even hours.


  These transformations have been accompanied by the accumulation of tremendous amounts of data over the past couple of decades. The work of processing and analyzing this data has contributed to the emergence of a new interdisciplinary subject: data science. As a behavioral scientist, I spend a significant amount of time dealing with data, so you might say that I’m applying data science to behavioral research. It takes more than paper and pencil to process data of this magnitude, however. Instead, I’ve been writing code to clean data and run statistical models with a wonderful programming language: Python.


  As a self-taught coder, I know it’s not easy to grasp Python or any other programming language—not because it takes a long time to learn all the techniques (and know which ones to use when), but because too many learning resources are available, such as online courses, tutorial videos, blog articles, and certainly books. How do you choose the ones that are most suitable for you?


  I had the same question when I started learning Python. Over the years, I’ve tried a variety of resources, and I’ve found that the best learning resources are books, because books have well-structured content that makes it possible to take a deep dive into the language. During the learning process, you can set your own pace. Whenever you need to, you can slow down to digest hard topics. In addition, you can refer to the books on your bookshelf quickly should any questions arise.


  Most of the Python books on the market are written for beginners (providing detailed coverage of the language’s basic features) or advanced users (covering specialized techniques that are less generalizable). Without doubt, a few of those books are great. From the learning-curve perspective, however, I felt that a book was missing: one for Python learners at the late-beginner and early-intermediate levels. These stages are critical, as learners are forming the right coding habits and figuring out the proper Pythonic techniques for a given context. From the content perspective, I thought the missing book should address general programming problems that most readers could relate to their work, no matter what they do with Python: web development or data science. In other words, more readers could benefit from such a book because it would provide general domain-independent knowledge.


  I wrote this book to fill the gap between beginner and advanced books. I hope you’ll feel that you’ve learned a few things after reading it.
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about this book


  In this book, I focus on teaching the essential techniques of Python from a specialty-independent perspective. Although a variety of Python packages are available for different specialties, such as data science and web development, these packages are built on the core features of Python. No matter what domain-specific Python packages you use for your job, you must have a good understanding of essential techniques, such as choosing the proper data models and writing well-structured functions and classes. These techniques make it possible for you to use your domain-specific packages comfortably.


  
Who should read this book


  If you’ve been self-teaching and using Python for some time, but feel that your Python knowledge is unstructured, I consider you to be a late-beginner or early-intermediate user. This book is right for you because you need to reinforce and synthesize your Python knowledge in a structured way. In this book, I identify several topics in each chapter to address common problems that you may encounter in your work. My coverage of these topics teaches you more than how to address a specific problem; it also frames the content in a larger context, showing why and how the topic matters when you’re working on a project. This way, you’re not learning individual techniques to complete separate tasks; you’re completing a project and learning these techniques in the process.


  
How this book is organized: A road map


  This book consists of six parts, as shown in the following figure. In the first part (chapters 2-5), you study the built-in data models, such as strings, lists, and dictionaries. These data models are the building blocks of any project. In the second part (chapters 6 and 7), you learn about best practices for defining functions. Functions are integral to any project because they’re responsible for manipulating data to create the desired output. In the third part (chapters 8 and 9), you learn techniques for defining custom classes. Instead of using built-in classes, we define custom classes to better model the data in our project. In the fourth part (chapters 10 and 11), you learn the fundamentals of using objects and manipulating files on your computers. In the fifth part (chapters 12 and 13), you learn a variety of techniques to safeguard your programs, including logging, exception handling, and testing. In the sixth part (chapter 14), you synthesize all the knowledge you’ve gained to produce a web app—a project that serves as the teaching frame in all the other chapters.
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  To follow along with the teaching, I recommend that you use a computer while you’re studying this book, which will allow you to get familiar with Python syntax and techniques faster. I’ve uploaded all the code in GitHub, and you can find my public repository at https://github.com/ycui1/python_how_to. In this book, however, whenever I show you some code, I provide the necessary explanations and output, so it’s fine if you don’t have a computer around while you’re reading this book.


  If you do intend to use a computer, your computer’s operating system doesn’t matter. Windows, macOS, and Linux are all fine because Python is a cross-platform programming language. (See appendix A online for Python installation instructions.) Because I focus on the essential techniques, which have stabilized in recent Python releases, it’s not too important whether your computer runs Python 3.8 or earlier, but to get the most out of the book, I recommend that you install Python 3.10 or later.


  
About the appendices


  The online version of this book has five appendices. Appendix A, Learning Python with REPL in IDLE, shows how to write Python code interactively. Appendix B, Managing Python packages with pip, shows how to manage Python packages. Appendix C, Using Jupyter Notebook: A web-based interactive Python editor, shows how to work with Jupyter Notebook. Appendix D, Integrating version control into your project, shows the importance of version control in your codebase. Appendix E, Preparing your package for public distribution, shows how to publish your package.


  
About the code


  This book contains many examples of source code, both in numbered listings and inline 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 changes 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; I’ve added line breaks and reworked indentation to accommodate the available page space in the book. In rare cases, listings include line-continuation markers (➥). Additionally, comments in the source code have been removed from the listings when the code is described in the text. Code annotations accompany many of the listings, highlighting important concepts.


  You can get executable snippets of code from the liveBook (online) version of this book at https://livebook.manning.com/book/python-how-to. The complete code for the examples in the book is available for download from the Manning website at https://www.manning.com/books/python-how-to and from GitHub at https://github.com/ycui1/python_how_to.


  
liveBook discussion forum


  Purchase of Python How-To 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-how-to/discussion. You can learn more about Manning’s forums and the rules of conduct at https://livebook.manning.com/discussion.


  Manning’s commitment to our readers is to provide a venue where 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 that you try asking the author some challenging questions, lest their interest stray! The forum and the archives of previous discussions will be accessible on the publisher’s website as long as the book is in print.


  
Other online resources


  You can find official documentation, including tutorials and references, at https://docs.python.org/3. The author, Dr. Yong Cui, regularly writes blogs on Python and related data science topics at Medium (https://medium.com/@yongcui01).


  
about the author


  Dr. Yong Cui is a scientist who has been working in the biomedicine field for more than 15 years. His research focuses on developing mobile health apps for behavioral interventions using Swift and Kotlin. As his favorite language, Python is his go-to language for data analysis, machine learning, and research-tool development. In his spare time, he likes to write blog posts on a variety of technical topics, including mobile development, Python programming, and artificial intelligence.


  
about the cover illustration


  The figure on the cover of Python How-To is titled “Paysanne des environs de Soleure,” or “Peasant woman around Solothurn,” taken from a collection by Jacques Grasset de Saint-Sauveur, published in 1788. Each illustration is finely drawn and hand-colored.


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


  
1 Developing a pragmatic learning strategy


  This chapter covers


  
    	
What being pragmatic means


    	
What Python can do


    	
When you should consider alternative languages


    	
What you can expect to learn from this book

  


  Python is an amazing programming language. Its open source, general-purpose, platform-independent nature has given it an enormous developer community, along with an incredible ecosystem that includes tens of thousands of freely available libraries for web development, machine learning (ML), data science, and many other domains. I hope that we share this belief: knowing how to code in Python is great, but knowing how to write truly efficient, secure, and maintainable applications gives you a tremendous advantage. This book will help you go from a Python beginner to confident programmer.


  In the Python ecosystem, we use domain-specific Python tools, such as web frameworks and ML libraries, to complete various tasks in our jobs. The effective employment of these tools is nontrivial, as it requires considerable familiarity with essential Python skills, such as processing texts, dealing with structured data, creating control flows, and handling files. Python programmers can write different solutions to address the same tasks. Among these solutions, one is generally better than the others because it may be more concise, more readable, or more efficient, which we collectively term as Pythonic: an idiomatic coding style that all Python programmers strive to acquire. This book is about how to write Pythonic code to address pro-gramming tasks.


  Python is so well developed and has so many features to learn that it would be impossible or unwise to try to learn everything about it from this book. Instead, I’ll take a pragmatic approach to defining what I’ll teach in this book: the essential skills that you’ll most likely use in your projects. Equally important, I’ll frequently mention how to use these skills with the consideration of readability and maintainability so that you can form good coding habits, which I’ll bet that you and your teammates will greatly appreciate.


  Note You’ll see callouts like this one throughout the book. Many of them are devoted to tips regarding readability and maintainability. Don’t miss them!


  
1.1 Aiming at becoming a pragmatic programmer


  We code for purposes, such as building websites, training ML models, or analyzing data. Whatever our purposes are, we want to be pragmatic; we write code to solve real problems. Thus, before we learn to code from the beginning or advance our coding skills in the middle of our career, we should be clear about our intentions. But even if you’re unsure of what you desire to achieve with Python at this stage, the good news is that core Python features are universal knowledge. After you grasp the core features, you can apply them to any domain-specific Python tools.


  Aiming to become a pragmatic programmer means that you should focus on the techniques that are most useful. Mastering these skills is just the first milestone in your journey, however; the long-term game in coding is writing readable code that not only works, but also fosters maintainability.


  
1.1.1 Focusing on writing readable Python code


  As a developer, I’m obsessed with readability. Writing code is like speaking a real-world language. When we speak a language, don’t we want others to understand us? If your answer is yes, you probably agree with me that we want others to understand our code too. Whether our code’s readers possess the necessary technical expertise to understand our code is out of our control. What we can control is how we write the code—how readable we make it. Consider some simple questions:


  
    	
      Are your variables named properly to indicate what they are? No one can appreciate your code if it’s full of variables named var0, temp_var, or x, for example.

    


    	
      Do your functions have proper signatures to indicate what they do? People are lost if they see functions named do_data(data) or run_step1().

    


    	
      Do you organize your code consistently across files? People expect different files of the same type to use similar layouts. Do you place import statements at the top of your files, for example?

    


    	
      Is your project folder structured with specific files stored in the desired folders? When your project’s scope grows, you should create separate folders for related files.

    

  


  These example questions pertain to readability. We don’t just ask them from time to time; instead, we ask these kinds of readability questions throughout our projects. The reason is simple: good practice makes perfect. Trained as a neuroscientist, I know exactly how the brain works when it comes to behavioral learning. By practicing readability through these self-checking questions, we’re training our brain’s neural circuits. In the long term, your brain will be trained to know what behaviors constitute good practice in coding, and you’ll write readable and maintainable code without even thinking about it.


  
1.1.2 Considering maintainability even before you write any code


  In rare cases, we write code for one-time use. When we write a script, we almost always succeed in convincing ourselves that we’ll never use the script again; thus, we don’t care about creating good variable names, laying out the code properly, or refactoring functions and data models, not to mention making sure that we leave no comments (or outdated ones). But how many times did it turn out that we had to use the same script the next week or even the following day? This has probably happened to most of us.


  The previous paragraph describes a mini-scale maintainability problem. In this case, it affects only your own productivity in a short span of time. If you work in a team environment, however, problems introduced by individual contributors add up to large-scale maintainability problems. The team members fail to follow the same naming rules for variables, functions, and files. Countless incidents of commented-out code remain. Outdated comments are everywhere.


  To address maintainability problems in a later stage of your own projects, you should build a good mindset when you’re learning to code. Following are some questions that you might consider to help you develop a good “maintainability” mindset for the long run:


  
    	
      Is your code free of outdated comments and commented-out code? If the answer is no, update or delete them! These situations are even worse than those without any comments because they may provide conflicting information.

    


    	
      Is there considerable duplication in the code? If the answer is yes, refactoring is probably warranted. A rule of thumb in coding is DRY (Don’t Repeat Yourself). By removing duplicates, you’ll deal with a single shared portion, which is less prone to bugs than changes in repeated parts.

    


    	
      Do you use version-control tools such as Git? If the answer is no, look at the extensions or plugins of your integrated development environment (IDE). For Python, common IDEs include PyCharm and Visual Studio Code. Many IDEs have integrated version-control tools that make it much easier to manage versions.

    

  


  Being a pragmatic Python programmer requires this type of maintainability training. After all, almost all Python tools are open source and evolving rapidly. Thus, maintainability should be the cornerstone of any viable project. Throughout the book, where applicable, we’ll touch base on how to implement maintainability practices in our daily Python coding. Please remember that readability is the key to sustained maintainability. When you focus on writing readable code, your codebase’s maintainability improves consequentially.


  
1.2 What Python can do well or as well as other languages


  Python owes its growing popularity to the characteristics of the language itself. Although none of these characteristics is unique to Python, when they were organically combined, Python was set to grow into a widely adopted language. The following list summarizes Python’s key characteristics:


  
    	
      Cross-platform—Python runs on common platforms, such as Windows, Linux, and MacOS. Thus, Python code is transferrable. Any code that you write on your own platform can run on other computers without any restrictions imposed by the differences between platforms.

    


    	
      Expressive and readable—Python’s syntax is simpler than that of many other languages. The expressive, readable coding style is widely adopted by Python programmers. You’ll find that well-written Python code is enjoyable to read, just like well-written prose.

    


    	
      Fast for prototyping—Given its simple syntax, Python code is generally more concise than code written in other languages. Thus, it requires less work to produce a functional prototype in Python than in other languages.

    


    	
      Standalone—When you install Python on your computer, it becomes ready to use right after “unboxing.” The basic Python installation package consists of all essential libraries that you need to perform any routine coding work.

    


    	
      Open source, free, and extensible—Although Python works standalone, you can write and use your own packages. If others have published any packages you need, you can install them with a one-line command without worrying about license or subscription fees.

    

  


  These key characteristics have attracted many programmers, forming a tremendous developer community. The open source nature of Python allows interested users to contribute to this language and its ecosystem in general. Table 1.1 summarizes some notable domains and their respective Python tools. This table isn’t an exhaustive list, and you’re encouraged to explore Python tools in the specialty domain of your own interest.


  Table 1.1 Overview of domain-specific Python tools


  
    
      	
        Domain

      

      	
        Tool

      

      	
        Highlights

      
    


    
      	
        Web development

      

      	
        Flask

      

      	
        A micro web framework; good for building lightweight web apps; flexible extensibility for third-party functionalities

      
    


    
      	
        Web development

      

      	
        Django

      

      	
        A complete web framework; good for building database-driven web apps; highly scalable as an enterprise solution

      
    


    
      	
        FastAPI

      

      	
        A web framework for building application programming interfaces (APIs); data validation and data conversion; automatic generation of API web interfaces

      
    


    
      	
        Streamlit

      

      	
        A web framework for easy building of data-related apps; popular among data scientists and ML engineers

      
    


    
      	
        Data science

      

      	
        NumPy

      

      	
        Specialized for processing large, multidimensional arrays; high computational efficiency; integral to many other libraries

      
    


    
      	
        pandas

      

      	
        A versatile package for processing spreadsheet-like two-dimensional data; comprehensive data manipulations

      
    


    
      	
        statsmodels

      

      	
        A popular package for statistics, such as linear regression, correlation, Bayesian modeling, and survival analysis

      
    


    
      	
        Matplotlib

      

      	
        An object-oriented paradigm for drawing histograms, scatter plots, pie charts, and other common figures with a variety of customizable settings

      
    


    
      	
        Seaborn

      

      	
        An easy-to-use visualization library for drawing attractive graphics; high-level APIs based on Matplotlib

      
    


    
      	
        Machine learning

      

      	
        Scikit-learn

      

      	
        A wide range of preprocessing tools for building ML models; implementation of common ML algorithms

      
    


    
      	
        TensorFlow

      

      	
        A framework with both high- and low-level APIs; Tensor board visualization tool; good for building complex neural networks

      
    


    
      	
        Keras

      

      	
        High-level APIs for building neural networks; easy to use; good for building low-performance models

      
    


    
      	
        PyTorch

      

      	
        A framework for building neural networks; more intuitive code styles than TensorFlow; good for building complex neural networks

      
    


    
      	
        FastAI

      

      	
        High-level APIs for building neural networks on top of PyTorch; easy to use

      
    

  


  
    Frameworks, libraries, packages, and modules


    When we discuss tools, we use several closely related terms, including frameworks, libraries, packages, and modules. Different languages may use some of these terms and have slightly different meanings. Here, I discuss the meanings of these terms that most Python programmers accept.


    Frameworks have the largest scope. Frameworks provide a complete set of functionalities that are designed to perform a dedicated job at a high level, such as web development.


    Libraries are building blocks of frameworks, consisting of packages. Libraries provide functionalities without users having to worry about the underlying packages.


    Packages provide specific functionalities. More specifically, packages bundle modules, and each module consists of a set of closely related data structures and functions in a single file, such as a .py file.

  


  
1.3 What Python can’t do or can’t do well


  Everything has limits, and so does Python. There are many things that Python can’t do, or at least can’t do well compared with alternative tools. Although some people are trying to push Python in such a way that we can use it for other purposes, at this stage, we should know its limits in two important areas:


  
    	
      Mobile applications—In this mobile age, we all have smartphones and use apps in almost every aspect of life, such as banking, online shopping, health, communications, and certainly gaming. Unfortunately, there have been no great Python frameworks for developing smartphone apps despite attempts such as Kivy and BeeWare. If you work in mobile development, you should consider mature alternatives such as Swift for iOS apps and Kotlin for Android apps. As a pragmatic programmer, you choose a language that leads to a product with the best user experience.

    


    	
      Low-level development—When it comes to developing software that interacts directly with hardware, Python isn’t the best choice. Due to the interpreted nature of Python, the overall execution speed isn’t fast enough for developing low-level software, such as device drivers, which require instant responsiveness. If you’re interested in developing software at a low level, you should consider alternative languages that are better at interfacing with the hardware. C and C++ are good options for developing device drivers, for example.

    

  


  
1.4 What you’ll learn in this book


  We’ve talked a little bit about what it means to be a pragmatic programmer. Now let’s talk about how you’re going to get there. As you write programs, you’ll inevitably run into new programming challenges. In this book, we’ve identified the programming techniques you’ll need to take for the tasks you’re most likely to encounter.


  
1.4.1 Focusing on domain-independent knowledge


  All things are connected in some way directly or indirectly, and so is Python knowledge. To put this discussion in a context, consider figure 1.1. We can conceptualize Python features and its applications as three related entities.
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  Figure 1.1 The relationship between domain-independent and domain-specific Python knowledge. Domain-independent knowledge includes basic and advanced Python features, which are closely related. Together, they form the basis for domain-specific knowledge in distinct content domains.


  The goal of learning Python for most of us is to apply Python to address problems in the domain where we work, which requires domain-specific Python knowledge, such as web development and data science. As a prerequisite for fulfilling your job, your knowledge base should encompass essential Python features—more specifically, domain-independent Python knowledge. Even when your job role switches or evolves, you can apply the essential Python knowledge to your new position.


  In this book, you’ll focus on gaining domain-independent Python knowledge. To facilitate the learning process, we can operationally define domain-independent Python knowledge as two building components: the basic and the advanced.


  For the basics, we should know common data structures and their manipulations. We also need to know how to evaluate conditions to construct the if...else... statement. When we perform repeated work, we can take advantage of for and while loops. To reuse blocks of code, we can refactor them into functions and classes. Mastering these basics is sufficient for writing useful Python code to perform your job tasks. If you know most of the basics, you’re ready to learn the advanced skills.


  The advanced skills enable you to write better code that’s more efficient and that takes advantage of versatile Python features. Let’s see a simple example to feel the versatility of Python. When we use a for loop to iterate a list object, we often need to show the position of each item beside the item itself, such as

  prime_numbers = [2, 3, 5]
 
# desired output:
Prime Number #1: 2
Prime Number #2: 3
Prime Number #3: 5


  If we use only the basic features, we may come up with the following solution. In the solution, we create a range object that allows retrieval of the 0-based index to produce the position information. For the output, we use string concatenation:

  for num_i in range(len(prime_numbers)):
    num_pos = num_i + 1
    num = prime_numbers[num_i]
    print("Prime Number #" + str(num_pos) + ": " + str(num))


  However, after you read this book, you’ll become a more experienced Python user and should be able to produce the following solution that is cleaner and more Pythonic:

  for num_pos, num in enumerate(prime_numbers, start=1):
    print(f"Prime Number #{num_pos}: {num}")


  The above solution involves three techniques: tuple unpacking to obtain num_pos and num (section 4.4), creating the enumerate object (section 5.3), and formatting the output using f-strings (section 2.1). I’m not going to expand the discussion of these techniques here since they’ll be covered in their respective sections. Nevertheless, this example is simply showing you what this book is all about—how to use a variety of techniques to produce Pythonic solutions.


  Besides these techniques, you’ll learn and apply advanced function concepts, such as decorators and closures, for example. When you define classes, you’ll know how to make them work together to minimize the code and reduce the potential for bugs. When your program is done, you’ll know how to log and test your code to make it production-ready.


  This book is all about synthesizing domain-independent Python knowledge. You’ll not only learn pragmatic advanced features, but also basic Python features and fundamental computer programming concepts where applicable. The key term here is synthesizing, as discussed in section 1.4.2.


  
1.4.2 Solving problems through synthesis


  A common dilemma that beginners run into is that they seem to know a variety of techniques, but don’t know how and when to use them to solve problems. For each technique we discuss in this book, we’ll show you how it works independently, and we’ll also show you how it fits with other techniques. We hope that you’ll start to see how all the different pieces can be composed into an infinite number of new programs.


  As a fundamental note on learning and synthesizing various techniques, you should expect that learning to code isn’t a linear path. After all, Python’s technical features are closely interrelated. Although you’ll focus on learning intermediate and advanced Python techniques, they can’t be isolated completely from basic topics. Instead, you’ll notice that I’ll frequently make remarks on basic techniques or intentionally reiterate techniques that I’ve already covered.


  
1.4.3 Learning skills in context


  As we mentioned earlier, this book focuses on learning skills that are built on domain-independent Python knowledge. Being domain-independent means that you can apply the skills covered in this book to any domain where you’d like to use Python. It’s almost impossible to learn anything without an example, however. We’ll show most techniques in this book by using an ongoing project to provide a consistent context within which to discuss specific skills. If you’re familiar with a particular skill, you can skip to the section’s Discussion part, in which I’ll discuss some key aspects of the covered skills.


  As a heads-up, the generic project is a task-management web app. In the application, you can manage tasks, including adding, editing, and removing tasks—everything that will be implemented with pure Python, such as data models, functions, classes, and anything else you can think of that an application may have. Moving forward, the important thing to note is that the goal is not to get a perfect, shiny application from this book. Instead, you want to learn all the essential Python techniques in the process of creating this web app so you can apply your domain-independent knowledge to projects in your own jobs.


  
Summary


  
    	
      It’s critical for you to build a pragmatic learning strategy. By focusing on learning the domain-independent features of Python, you’ll get yourself ready for any Python-related job role.

    


    	
      Python is a general-purpose, open source programming language that fosters a tremendous community of developers who make and share Python packages.

    


    	
      Python is competitive in many domains, including web development, data science, and ML. Each domain has specific Python frameworks and packages that you can use.

    


    	
      Python has its limitations. If you consider developing mobile apps or low-level device drivers, you should use Swift, Kotlin, Java, C, C++, Rust, or any other applicable language.

    


    	
      I make a distinction between domain-independent Python knowledge and domain-dependent Python knowledge. This book focuses on teaching domain-independent Python knowledge.

    


    	
      Learning to code is not a linear path. Although you’ll learn advanced features in this book, I’ll frequently mention basic ones. Also, you’ll encounter some difficult topics, which will create an upward spiral learning path.

    


    	
      The essential recipe for learning Python or any programming language is synthesizing individual technical skills to form a comprehensive skill set. Through the synthesis process, you’ll learn the language in a pragmatic way, knowing what works for the problem that you’re addressing.

    

  


  
Part 1 Using built-in data models


  We build applications to address problems in our daily lives. People build online shopping websites so we can order clothes and books online. They build human resources software so companies can manage employees. And they build text-processing software so we can edit documents. From the application-development perspective, no matter what problems our application addresses, we must extract and process information about the problems. In programming, to model various kinds of information in our applications, such as product descriptions and employees, we must use proper data structures. These data structures provide a standardized way to represent real-life entities in our applications, making it possible to enable specific rules, organizations, and implementations to address our business needs. In this part, we focus mainly on using built-in data models, including strings, lists, tuples, dictionaries, and sets. Moreover, you learn techniques that are shared by various types of data structures, such as sequence-like data and iterables.


  
2 Processing and formatting strings


  This chapter covers


  
    	
Using f-strings to interpolate expressions and apply formatting


    	
Converting strings to other applicable data types


    	
Joining and splitting strings


    	
Using regular expressions for advanced string processing

  


  Textual information is the most important form of data in almost every application. Textual data as well as numeric data can be saved as text files, and reading them requires us to process strings. On a shopping website, for example, we use text to provide production descriptions. Machine learning is trending, and you may have heard about one machine learning specialty: natural language processing, which extracts information from texts. Because of the universal use of strings, text processing is an inevitable step in preparing data in these scenarios. Using our task management app as the context, we need to convert a task’s attributes to textual data so that we can present them at the frontend of our web app. When we obtain data entry at the frontend of our app, we must convert these strings to a proper type, such as an integer, for further processing. In numerous real-life cases like these, we need to process and format strings properly. In this chapter, we tackle some common text processing problems.


  
2.1 How do I use f-strings for string interpolation and formatting?


  In Python, you can format text strings in a variety of ways. One emerging approach is to use an f-string, which allows you to embed expressions inside a string literal. Although you can use other string formatting approaches, an f-string offers a more readable solution; thus, you should use f-strings as the preferred approach when you prepare strings as output.


  TRIVIA F-strings were introduced in Python 3.6. Both f and F (which mean formatted ) can be the prefix for the f-string. A string literal is a series of characters enclosed within single or double quotation marks.


  When you use strings as an output, you often need to deal with nonstring data, such as integers and floats. Suppose that our task management application has the requirement of creating a string output from existing variables:

  # existing variables
name = "Homework"
urgency = 5
 
# desired output:
Name: Homework; Urgency Level: 5


  In this section, you’ll learn how to use f-strings to interpolate nonstring data and present strings in the desired format. As you’ll discover, f-strings are a more readable solution for formatting strings from existing strings and other types of variables.


  
2.1.1 Formatting strings before f-strings


  The str class handles textual data through its instances, which we refer to as string variables. Besides string variables, textual information often involves data types such as integers and floats. Theoretically, we can convert nonstring data to strings and concatenate them to create the desired textual output, as shown in the next listing.


  Listing 2.1 Creating string output using string concatenation

  task = "Name: " + name + "; Urgency Level: " + str(urgency)
 
print(task)
# output: Name: Homework; Urgency Level: 5


  There are two potential problems with the code creating the task variable. First, it looks cumbersome and doesn’t read smoothly, as we’re dealing with multiple strings, each of which is enclosed in quotation marks. Second, we must convert urgency from int to str before it can be joined with other strings, further complicating the string concatenation operation.


  
    Old string formatting techniques


    Before the f-string was introduced, two other solutions were available. The first solution is the classic C-style involving the % sign, and the other uses the format method. You’ll find these solutions in the following code snippet:

    task1 = "Name: %s; Urgency Level: %d" % (name, urgency)   ❶
 
task2 = "Name: {}; Urgency Level: {}".format(name, urgency)


    ❶ The % sign separates the string literal and the tuple object.


    The C-style approach uses % within the string literal to denote that one variable will be formatted, following which are the % sign and the tuple of the corresponding variables. The format method approach has a similar usage. Instead of using % signs in the literal, it uses curly braces as the marker for string interpolation, and the corresponding variables are listed in the format method.


    Notably, both approaches are still supported in Python, but they have become obsolete, and you rarely need to use them. Thus, I don’t expand on them here. It’s important to know that what they do can be done with f-strings—a more readable string interpolation and formatting approach, as we’ll explore in section 2.1.2.

  


  CONCEPT In general, methods are functions that are defined within a class. Here, format is a function defined in the str class, and we call these methods on str instance objects.


  
2.1.2 Using f-strings to interpolate variables


  Formatting strings often involves combining string literals and variables of different types, such as integers and strings. When we integrate variables into an f-string, we can interpolate these variables to convert them to the desired strings automatically. In this section, you’ll see a variety of interpolations involving common data types using f-strings. Let’s see first how we use f-strings to create the output shown in listing 2.1:

  task_f = f"Name: {name}; Urgency Level: {urgency}"
 
assert task == task_f == "Name: Homework; Urgency Level: 5"


  In this example, we create the task_f variable by using the f-string approach. The most significant thing is that we use curly braces to enclose variables for interpolation. As f-strings integrate string interpolation, they’re also referred to as interpolated string literals.


  CONCEPT The term string interpolation isn’t Python-specific, as most common modern languages (such as JavaScript, Swift, and C#) have this feature. In general, it’s a more concise and readable syntax for creating formatted strings than string concatenations and alternative string formatting approaches.


  
    The assertion statement


    assert is a Python keyword used to create an assertion statement, which evaluates the supplied condition. When the condition is True, the program continues its execution. When the condition is False, execution stops, and the program raises an AssertionError.


    As a convention in this book, I use the assertion statement to show the equivalence of the involved variables in a comparison. As a special case, when the evaluated variable is Boolean, it’s technically preferred to use assert true_var and assert not false_var. To explicitly show the variable’s Boolean value, however, I opt to use assert true_var == True and assert false_var == False.

  


  We’ve seen that an f-string interpolates string and integer variables. How about other types, such as list and tuple? These types are supported by f-string, as shown in this code snippet:

  tasks = ["homework", "laundry"]
assert f"Tasks: {tasks}" == "Tasks: ['homework', 'laundry']"               ❶
 
task_hwk = ("Homework", "Complete physics work")
assert f"Task: {task_hwk}" == "Task: ('Homework', 'Complete physics work')"❷
 
task = {"name": "Laundry", "urgency": 3}
assert f"Task: {task}" == "Task: {'name': 'Laundry', 'urgency': 3}"        ❸


  ❶ Interpolates a list object


  ❷ Interpolates a tuple object


  ❸ Interpolates a dict object


  PEEK F-strings also support custom class instances. When we’re learning about creating our own custom classes in chapter 8, we’ll revisit how string interpolation works with the custom instances (section 8.4).


  
2.1.3 Using f-strings to interpolate expressions


  We’ve seen how f-string interpolates variables. As a more general usage, f-strings can also interpolate expressions, which eliminates the need to create intermediate variables. You may access an item in a dict object to create string output, for example, or use the result of calling a function. In these common scenarios, you can plug these expressions into f-strings, as shown in the following code snippet:

  tasks = ["homework", "laundry", "grocery shopping"]
assert f"First Task: {tasks[0]}" == 'First Task: homework'                ❶
 
task_name = "grocery shopping"
assert f"Task Name: {task_name.title()}" == 'Task Name: Grocery Shopping' ❷
 
number = 5
assert f"Square: {number*number}" == 'Square: 25'                         ❸


  ❶ Accesses an item in the list


  ❷ Calls a function


  ❸ Direct calculation


  These expressions are enclosed within curly braces, allowing f-strings to evaluate them directly to produce the desired string output: {tasks[0]} -> “homework”; {task_name .title()} -> “Grocery Shopping”; {number*number} -> 25.


  As a key programming concept, we often encounter the term expression. Some beginners may confuse this term with a related concept statement. An expression usually is one line of code (it can expand to multiple lines, such as a triple-quoted string) that evaluates to a value or an object, such as a string or a custom class instance. Applying this definition, we can easily figure out that variables are a kind of expression.


  By contrast, statements don’t create any value or object, and a statement’s purpose is to complete an action. We use assert, for example, to create an assertion statement, which ensures that something is valid before proceeding. We aren’t trying to produce a True or False Boolean value; we’re checking or asserting a condition. Figure 2.1 illustrates the differences between expressions and statements.
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  Figure 2.1 Differences between expressions and statements. Expressions represent something and are evaluated to a value or an object, whereas statements execute specific actions and can’t be evaluated to a value.


  Although f-strings interpolate expressions natively, we should use this skill with caution because any complicated expressions in an f-string compromise the readability of your code. The following example represents a misuse of an f-string that uses a complex expression:

  summary_text = f"Your Average Score: {sum([95, 98, 97, 96, 97, 93]) /
➥ len([95, 98, 97, 96, 97, 93])}."


  A rule of thumb for checking your code’s readability is to determine how much time a reader needs to digest your code. In the preceding code, it may take tens of seconds for a reader to know what you want to achieve. As a direct contrast, consider the following refactored version:

  scores = [95, 98, 97, 96, 97, 93]
 
total_score = sum(scores)
subject_count = len(scores)
average_score = total_score / subject_count
 
summary_text = f"Your Average Score: {average_score}."


  This version has several things to note. First, we use a list object to store the scores to remove the duplication of the data. Second, we use separate steps, with each step representing a simpler calculation. Third, the key thing for improved readability is that each step uses a sensible name to indicate the calculation result. Without any comment, your code is comfortable to read; everything is clear by itself.


  Readability Create necessary intermediate variables with sensible names to clearly indicate each step of your operations. For these simple operations, you don’t even need to write any comment because the sensible names indicate the purpose of each operation.


  
2.1.4 Applying specifiers to format f-strings


  The proper formatting of textual data, such as alignment, is key to conveying the desired information. As they are designed to handle string formatting, f-strings allow us to set a format specifier (beginning with a colon) to apply additional formatting configurations to the expression in the curly braces (figure 2.2). In this section, you’ll learn how to apply the specifiers to format f-strings.
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  Figure 2.2 Components of an f-string. The expression is the first part and is required. The expression is evaluated first, and a corresponding string is created. The second part, which is the format specifier, is optional.


  As an optional component, the format specifier defines how the interpolated string of the expression should be formatted. An f-string can accept different kinds of format specifiers. Let’s explore some of the most useful ones next, starting with text alignment.


  Aligning strings to create a visual structure


  One way to improve communication efficiency is to use a structured organization, which is also true for presenting textual data. As shown in figure 2.3, scenario B provides clearer information than scenario A due to its more organized structure, with the columns aligned.
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  Figure 2.3 Improved clarity when the texts are presented in an organized structure (scenario B) compared with the default left alignment (scenario A)


  Text alignment in f-strings involves three characters: <, >, and ^, which align the text left, right, and center, respectively. If you’re confused about which is which, remember to focus on the arrow’s tip; if it’s on the left side, for example, the text is left-aligned.


  To specify text alignment as the format specifier, we use the syntax f”{expr:x<n}”, in which expr means the interpolated expression, x means the padding character (when omitted, it defaults to spaces) for alignment, < means left alignment, and n is an integer that the string expands in width. Applying this syntax, the code in the next listing shows how to create two properly aligned records with improved clarity.


  Listing 2.2 Applying format specifiers in f-strings

  task_ids = [1, 2, 3]
task_names = ['Do homework', 'Laundry', 'Pay bills']
task_urgencies = [5, 3, 4]
 
for i in range(3):
    print(f'{task_ids[i]:^12}{task_names[i]:^12}{task_urgencies[i]:^12}') ❶
 
# Output the following lines:
     1      Do homework      5      
     2        Laundry        3      
     3       Pay bills       4


  ❶ Applies format specifiers to the expressions


  One thing that should catch your attention is that you apply the same format specifier for all the expressions, which represents repetition. When you see repetitions in your code, you’re likely violating the DRY (Don’t Repeat Yourself) principle, which is a signal for refactoring.


  
    The DRY principle and refactoring


    We can apply many principles to our coding. One famous one is the DRY principle. When your program includes repeated code, it’s likely that you can refactor it to remove such repetitions. Some IDEs, such as PyCharm, include features that automatically detect duplications, and you should take advantage of those features to better your program.


    When I say refactor, I mean taking steps to update existing code to improve its design, structure, and thus maintainability. Refactoring isn’t intended to add features to your program; instead, it’s meant to restructure existing code without inducing any changes in its external behavior. Whenever applicable, you’ll see examples of refactoring throughout the book.

  


  In listing 2.2, if we have a new text alignment requirement, we must update the code in three locations, which is inconvenient and error-prone. Thus, the objective of refactoring is to have a mechanism to use a variable for the format specifier. Listing 2.3 shows a possible solution that extracts the repetitive part: the format specifier. Taking the refactoring a step further, we define a function to accept the format specifier as a parameter, allowing us to try different format specifiers. To improve readability, we create separate variables for the task’s information.


  Listing 2.3 Refactored function to take any format specifier

  def create_formatted_records(fmt):
    for i in range(3):
        task_id = task_ids[i]
        name = task_names[i]
        urgency = task_urgencies[i]
        print(f'{task_id:{fmt}}{name:{fmt}}{urgency:{fmt}}')


  One important thing to note in listing 2.3 is that the format specifier fmt is enclosed within curly braces, embedded within the outside curly braces. Python knows how to replace {fmt} with the proper format specifier. Let’s try this function with different format specifiers:

  >>> create_formatted_records('^15')
       1         Do homework         5       
       2           Laundry           3       
       3          Pay bills          4       
>>> create_formatted_records('^18')
        1            Do homework            5         
        2              Laundry              3         
        3             Pay bills             4    


  As you can see, the refactored code allows us to set any format specifier, and this flexibility highlights the benefit of refactoring. When we use format specifiers for text alignment, text forms distinct columns, creating visual boundaries to separate different pieces of information.


  Maintainability We constantly spot opportunities to refactor our code, usually at a “local” level. The local optimization may seem to be insignificant, but these small improvements add up and determine the entire project’s overall maintainability.


  We have been using spaces as padding for the alignment; we can use other characters as padding too. Our choice of characters depends on whether they make the information stand out. Table 2.1 shows some examples of using different paddings and alignments.


  Table 2.1 F-string format specifiers for text alignment


  
    
      	
        F-string

      

      	
        Output

      

      	
        Description

      
    


    
      	
        f"{task:*>10}"1

      

      	
        "**homework"

      

      	
        Right alignment, * as padding

      
    


    
      	
        f"{task:*<10}"

      

      	
        "homework**"

      

      	
        Left alignment, * as padding

      
    


    
      	
        f"{task:*^10}"

      

      	
        "*homework*"

      

      	
        Center alignment, * as padding

      
    


    
      	
        f"{task:^10}"

      

      	
        " homework "

      

      	
        Center alignment, space as padding

      
    

  


  (1 We define the task as a string variable: task = "homework".)


  Formatting numbers


  Numbers are integral sources of information that we often include in textual material. There are multiple forms of numeric values, such as large integers, floating-point numbers, and percentages. In this section, you’ll learn how f-strings can represent numeric values with proper formatting specifiers to improve their readability.


  There is an infinite number of prime numbers. By doing a quick Google search, we can find that the smallest prime number greater than 1 billion is 1000000007. To show this large integer, it’s a good idea to use separators between digits, and a common approach is to use commas every three digits. To apply separators to integers in an f-string, the format specifier is xd, where x is the separator and d is the specific format specifier for integers:

  large_prime_number = 1000000007
 
print(f"Use commas: {large_prime_number:,d}")
# output: Use commas: 1,000,000,007


  Floating-point numbers, or decimal numbers in general, can be found in almost any scientific or engineering report. As you probably expect, f-strings have format specifiers that allow us to format decimals in a readable manner. Consider the following examples:

  decimal_number = 1.23456
 
print(f"Two digits: {decimal_number:.2f}")
# output: Two digits: 1.23
 
print(f"Four digits: {decimal_number:.4f}")
# output: Four digits: 1.2346


  As with d for integers, we use f as a format specifier for decimal values. Although the f format specifier can be used alone, it’s more often used to specify how many digits we want to keep after the decimal symbol: .2 to keep two digits, .4 to keep four digits, and so on.


  In a similar fashion to using f for decimals, we can use e as the format specifier for scientific notations. Consider the following examples of this feature:

  sci_number = 0.00000000412733
 
print(f"Sci notation: {sci_number:e}")
# output: Sci notation: 4.1227330e-09
 
print(f"Sci notation: {sci_number:.2e}")
# output: Sci notation: 4.13e-09


  Another common form of numeric values is percentages, and the format specifier for percentages is the percent sign (%). As we do with the e and f specifiers, we can use the % specifier alone or in conjunction with the precision specification, such as .2 for two-digit precision:

  pct_number = 0.179323
 
print(f"Percentage: {pct_number:%}")
# output: Percentage: 17.932300%
 
print(f"Percentage two digits: {pct_number:.2%}")
# output: Percentage two digits: 17.93%


  In addition to these format specifiers, f-strings support other specifiers. Table 2.2 shows common specifiers that you can apply to f-strings when you deal with numbers.


  Table 2.2 Common format specifiers for formatting numbers with f-strings


  
    
      	
        Numeric type

      

      	
        F-string

      

      	
        Output

      

      	
        Description

      
    


    
      	
        int

      

      	
        f"{number:b}"

      

      	
        "1111"

      

      	
        Binary format, using base 2

      
    


    
      	
         

      

      	
        f"{number:c}"

      

      	
        "\x0f"

      

      	
        Unicode representation of the integer

      
    


    
      	
         

      

      	
        f"{number:d}"

      

      	
        "15"

      

      	
        Decimal format, using base 10

      
    


    
      	
         

      

      	
        f"{number:o}"

      

      	
        "17"

      

      	
        Octal format, using base 8

      
    


    
      	
         

      

      	
        f"{number:x}"

      

      	
        "f"

      

      	
        Hexadecimal format, using base 16

      
    


    
      	
        float

      

      	
        f"{point:.2e}"

      

      	
        "1.23e+00"

      

      	
        Scientific notation

      
    


    
      	
         

      

      	
        f"{point:.2f}"

      

      	
        "1.23"

      

      	
        Fixed-point notation with two-digit precision

      
    


    
      	
         

      

      	
        f"{point:.2g}"

      

      	
        "1.23"

      

      	
        General format, automatically applying e or f

      
    


    
      	
         

      

      	
        f"{point:.2%}"

      

      	
        "123.45%"

      

      	
        Percentage with two-digit precision2

      
    

  


  (2 We define the number as an integer variable (number = 15) and the point as a float variable (point = 1.2345). Please note that the .2 portion in the format specifiers for floats is optional. When you use .3, you’ll have three-digit precision.)


  
2.1.5 Discussion


  Although directly interpolating expressions by f-strings makes code cleaner, avoid using complicated expressions in f-strings, which may confuse your readers. Instead, create intermediate variables with sensible names when the expressions are complicated.


  Python still supports the conventional C-style and format-based approaches, but there is no real need for you to learn them (you may see them in legacy code, though). Whenever you need to create string output, use f-strings. Don’t forget about aligning your text and formatting numeric values to improve the text output’s clarity.


  
2.1.6 Challenge


  James works in a wholesale company’s IT department and is preparing a template of price tags. Suppose that the product’s data is saved as a dict object: {"name": "Vacuum", "price": 130.675}. How can James write an f-string if the desired output is Vacuum: {130.68}? Note that the price requires two-digit precision and that the output includes curly braces, which are coincidentally the characters for string interpolation in f-strings.


  Hint Curly braces are special characters in f-strings. When a string literal includes special characters, you need to escape them in such a way that they’re no longer evaluated as special characters. To escape curly braces, you use an extra curly brace: {{ means {, and }} means }.


  
2.2 How do I convert strings to retrieve the represented data?


  Although strings are textual data on their surface, the actual data represented by strings can be integers, dictionaries, and other data types. The built-in input function, for example, is the most basic way to collect users’ input in a Python console:

  >>> age = input("Please enter your age: ")
Please enter your age: 35
>>> type(age)             ❶
<class 'str'>


  ❶ Checks the variable’s type


  As shown in the preceding code snippet, the user’s input is taken as a string. Suppose that we wanted to check whether the user’s age is over 18. We think we can run the following code:

  >>> age > 18
# ERROR: TypeError: '>' not supported between instances of 'str' and 'int'


  Unfortunately, the comparison didn’t work because age is a string, and you can’t compare a string with an integer. This example highlights the necessity of converting a string to an integer. More broadly, many other scenarios require that we convert strings to lists, dictionaries, and other applicable data types. Such conversion is essential for subsequent data processing. In this section, you’ll learn how to check the data types represented by the strings and the proper ways to convert strings to the desired data types.


  
2.2.1 Checking whether strings represent alphanumeric values


  In Python, strings can be anything you can type with your keyboard. One common need is to check whether strings include only alphanumeric characters. In this section, you’ll learn a variety of ways to check the nature of a string’s characters.


  Suppose that the task management app requires users to set a username, which must be alphanumeric. We can implement this functionality by using the isalnum method, which examines whether a string contains only a-z, A-Z, and 0-9. Some examples follow:

  bad_username0 = "123!@#"
assert bad_username0.isalnum() == False
 
bad_username1 = "abc..."
assert bad_username1.isalnum() == False
 
good_username = "1a2b3c"
assert good_username.isalnum() == True


  Suppose that when a user creates a task, we require the name to contain letters only. For this feature, we can use the isalpha method, which returns True or False. As you’ve probably noticed, all these is- methods return Boolean values:

  assert "Homework".isalpha() == True
 
assert "Homework123".isalpha() == False


  In a similar fashion, you can use the isnumeric method to check whether all characters in the string are numeric characters:

  assert "123".isnumeric() == True
 
assert "a123".isnumeric() == False 


  Here, I want to discuss a couple of gotchas about checking whether a string represents a numeric value when we use the isnumeric method:


  
    	
      Strings that represent floats won’t pass the isnumeric check. It would be reasonable to expect that strings with valid numeric values would return True on this method call. Unfortunately, that’s not the case:

      assert "3.5".isnumeric() == False

    


    	
      Strings that represent negative integers won’t pass the isnumeric check. It probably goes against many people’s intuition, too, as in this example:

      assert "-2".isnumeric() == False

    


    	
      Empty strings are evaluated as False with isnumeric. Evaluating empty strings as non-numeric is probably a desired behavior. We should understand this behavior when we deal with conversions from strings to numbers.

    

  


  To avoid these gotchas, remember that a string produces a True value by means of the isnumeric method only if all the characters in a nonempty string are numeric characters. Please note that numeric characters don’t include the decimal symbol or the negative sign. For this reason, the isnumeric method evaluates floats and negative numbers as False.


  
    Differences between isnumeric, isdigit, and isdecimal


    Related to the isnumeric method, the methods isdigit and isdecimal are often used to check whether strings contain only digits or decimal characters. These names seem to mean the same thing, and they produce the same Boolean values in most cases, such as "123". But some nuances make them produce different values for some strings, especially when numeric strings are not Arabic numerals.


    By definition, these three methods have the following relationships in terms of their strictness of checking numerics: isdecimal < isdigit < isnumeric. When you’re confused about these methods, your best bet is to use isnumeric, which is the most inclusive.

  


  Besides the discussed is- methods for checking the numeric nature of strings, as a refresher, Python strings have other is- methods that perform other checking tasks, such as islower and isupper. Although I don’t cover these other is- methods in this book, you should be familiar with them.


  TRIVIA Among these is- methods, isidentifier is interesting because it tests whether a string is a valid identifier to name a variable, a function, or an object in general.


  
2.2.2 Casting strings to numbers


  In the preceding section, you learned to examine whether a string represents a positive integer. But there seems to be no easy way to tell whether a string represents a numeric value, particularly when it’s a floating-point or negative number. Converting strings to numbers is important because we can’t do any numeric calculations with strings, such as comparing age with 18. Thus, in many cases, we must derive the represented numeric values of strings for subsequent processing. In this section, you’ll learn to convert strings to numbers—a process termed casting.


  CONCEPT In programming, the process of converting a data type to another data type, such as converting a string to an integer, is known as casting.


  The two common data types for numeric values are float and int. The syntax for creating these instances from strings is float("string") and int("string"). Python evaluates the string objects to cast them to a proper float or int object—if possible.


  If you expect a float with a string, you can send it to the built-in float constructor. In the following examples, all the casted numbers are of the float type, even if the string represents an integer:

  >>> float("3.25")
3.25
>>> float("-2")     ❶
-2.0    


  ❶ A float is created even though the string appears to be an integer.


  CONCEPT A constructor refers to a special kind of function that creates an instance object of a class. For more on this topic, see chapter 8. Here, we use float and int constructors to create objects of the float and int types, respectively.


  If you expect an integer with a string, you can use the built-in int constructor:

  >>> int("-5")
-5
>>> int("123")
123


  Note that when these strings have desired numeric values, these casting operations succeed. When they don’t, however, these castings result in errors, which cause your entire program to halt, as shown in the following code snippet:

  >>> float("3.5a")
# ERROR: ValueError: could not convert string to float: '3.5a'
 
>>> int("one")
# ERROR: ValueError: invalid literal for int() with base 10: 'one'


  To prevent your program from being terminated due to this error, it is important to use the try...except... statement to handle the exception. Although I’m not expanding the discussion here, the next listing shows such usage. I’ll discuss this feature in chapter 12 (section 12.3).


  Listing 2.4 Casting numbers from strings

  def cast_number(number_str):
    try:
        casted_number = float(number_str)
    except ValueError:
        print(f"Couldn't cast {repr(number_str)} to a number")    ❶
    else:
        print(f"Casting {repr(number_str)} to {casted_number}")
 
# Use the above function in a console
>>> cast_number("1.5")
Casting '1.5' to 1.5
>>> cast_number("2.3a")
Couldn't cast '2.3a' to a number


  ❶ Uses the repr function to have the string in a quoted format


  
2.2.3 Evaluating strings to derive their represented data


  Besides numeric values, our application often has textual data that represents other data types, such as lists and tuples. For example, in a web application, data are commonly entered as text, such as “[1, 2, 3]” which resumes a list object. Because of the data type as str, you can’t apply any list methods to this textual data—that is, you can only call list methods on list objects. In this case, data conversion is required. In this section, you explore how to derive the underlying data, other than numbers, from strings.


  In the previous section, you learned to use float and int constructors to cast strings to derive numeric values. The approach of using the constructor with a string object won’t always work, however. Consider the three common data types—list, tuple, and dict—which are represented by strings in the following code snippet:

  numbers_list_str = "[1, 2]"
numbers_tuple_str = "(1, 2)"
numbers_dict_str = "{1:'one', 2: 'two'}" 


  When we attempt to send the strings directly to their respective constructors, unexpected outcomes happen:

  >>> list(numbers_list_str)       ❶
['[', '1', ',', ' ', '2', ']']
 
>>> tuple(numbers_tuple_str)     ❶
('(', '1', ',', ' ', '2', ')')
 
>>> dict(numbers_dict_str)
# ERROR: ValueError: dictionary update sequence element #0 has length 1; 2 is 
➥ required


  ❶ Lists and tuples can instantiate from strings.


  Although the list and tuple constructors do create a list and a tuple object by treating strings as iterables, the created objects wouldn’t be the data that you would expect to extract from these strings. Specifically, strings are iterables that consist of characters. When you include a string in a list constructor, its characters become items of the created list object. The same operation happens to a tuple constructor.


  CONCEPT Iterables are objects that can render items one by one. Strings, lists, and tuples are common examples of iterables. For further discussion of iterables, see chapter 5.


  To solve this unpredicted behavior, use the built-in eval function, which takes a string as though you typed it in the console and returns the evaluated result:

  assert eval(numbers_list_str) == [1, 2]
 
assert eval(numbers_tuple_str) == (1, 2)
 
assert eval(numbers_dict_str) == {1: 'one', 2: 'two'}


  By evaluating these strings, we can retrieve the data that these strings represent. This transformation is useful because we often use texts as the data interchange format. The benefit of using eval is that the evaluation result of the supplied text is guaranteed to be what you expect from running the same text as code in a console.


  
    Using eval and exec with caution


    You may want to restrict the use of eval to trusted data sources because eval will evaluate the string as though the code is part of the program. The following snippet shows such a problem. The evaluation of the improper code results in a SyntaxError, which could crash your program:

    >>> eval("[1, 2")
...(omitted lines)                        
SyntaxError: unexpected EOF while parsing


    Another built-in exec function is similar to eval. The exec function can run a string as though that string is part of the program. The most notable difference between exec and eval is that eval evaluates and returns an expression, whereas exec can accept expressions and statements such as if...else... but doesn’t return anything. Although both functions can provide dynamicity to your application, when used improperly, they can jeopardize your application or even your computer. You could send the string "os.system('rm -rf *')", for example, to the exec function, which would remove all folders and files from your computer.


    Thus, you should be cautious when your application needs to process strings as code dynamically by using eval and exec. As an alternative to eval, you can look into the ast module in the standard library, which has the literal_eval function to evaluate the strings safely.

  


  If your application is concerned with the validity of the data source, I recommend that you parse the strings yourself. If you need to get a list object of integers from a string, for example, you can remove the square brackets and split the strings to recreate the applicable list object. A trivial example follows for your reference. Please note that the code snippet involves a few techniques, such as string splitting and list comprehension, that I cover later (sections 2.3 and 5.2):

  list_str = "[1, 2, 3, 4]"
stripped_str = list_str.strip("[]")
number_list = [int(x) for x in stripped_str.split(",")]
 
print(number_list)
# output: [1, 2, 3, 4]


  Maintainability Using eval without verifying the integrity of the string object can cause bugs or even catastrophic outcomes. Be cautious whenever you need to use this method.


  
2.2.4 Discussion


  When we use the float or int constructor to derive the actual numeric values that strings represent, consider using try...except... because successful casting is never guaranteed, and when casting fails, it crashes the program if the exception isn’t handled. When you use eval to obtain the underlying data, you should be cautious, as it can introduce danger to a program if you use untrusted sources. Thus, when data security is a concern, you should consider parsing the data yourself or using a more secure tool, such as the ast module. If you work on your own data, such as a script for processing data, you can just use eval to obtain the underlying data.


  
2.2.5 Challenge


  At the beginning of this section, you learned that you can use the input function to collect a user’s input. Mary is an elementary school teacher who wants to write a simple toy program for her students. Suppose that she wants to ask the students about today’s temperature in Celsius degrees, using a Python console. How can she write the program so that it meets the following requirements? x represents the value that the user enters:


  
    	
      When the temperature is < 10 degrees, output You entered x degrees. It's cold!

    


    	
      When the temperature is between 10 and 25 degrees, output You entered x degrees. It's cool!

    


    	
      When the temperature is > 25 degrees, output You entered x degrees. It's hot!

    


    	
      The x value should have one decimal precision. If the user enters 15.75, for example, it should be displayed as 15.8.

    

  


  Hint The entered string input needs to be casted to a float number before it can be compared with other numbers. To create a string output, use f-strings. Don’t forget about format specifiers!


  
2.3 How do I join and split strings?


  Strings are not always in the format that you want them to be. In some cases, individual strings represent discrete pieces of related information, and we need to join them to form a single string. Suppose that a user enters multiple strings, with each representing a fruit that they like. We may join the strings to create a single string to display the user’s likes, as shown here:

  # initial input
fruit0 = "apple"
fruit1 = "banana"
fruit2 = "orange"
 
# desired output
liked_fruits = "apple, banana, orange"


  At other times, we need to split strings to create multiple strings. Suppose that a user enters all the countries that they’ve been to as a single string. We want to have a list of these countries, as shown here:

  # initial input
visited_countries = "United States, China, France, Canada"
 
# desired output
countries = ["United States", "China", "France", "Canada"]


  These two scenarios are plausible examples of basic string processing jobs that you might encounter in a real-life project. In this section, we explore key functionalities for joining and splitting strings, using realistic examples.


  
2.3.1 Joining strings with whitespaces


  When you join multiple strings, you can use the explicit concatenation operator: the + symbol, which you saw in listing 2.1. When you have multiple string literals, you can join them if they’re separated by whitespaces, such as spaces, tabs, and newline characters. In this section, you’ll see how strings separated by whitespaces can be joined.


  Suppose that we have multiple configurations to set a display style for our application. We separate each configuration as a string literal, and these individual configuration settings are joined automatically:

  style_settings = "font-size=large, " "font=Arial, " "color=black, " 
➥ "align=center"
 
print(style_settings)
# output: font-size=large, font=Arial, color=black, align=center


  Automatic concatenation can only occur among string literals, however, and you can’t use this technique with string variables or a mixture of string literals and variables. F-strings also support automatic concatenation. This feature is useful when you construct a long f-string by breaking distinct string literals into separate lines of code for clarity:

  settings = {"font_size": "large", "font": "Arial", "color": 
➥ "black", "align": "center"}
 
styles = f"font-size={settings['font_size']}, " \    
         f"font={settings['font']}, " \
         f"color={settings['color']}, " \
         f"align={settings['align']}"      ❶


  ❶ Uses the backslash as the line continuation character


  Readability When a string is long, consider breaking it into multiple lines, with each line representing a meaningful substring. These substrings can be joined automatically when they’re separated by whitespaces.


  
2.3.2 Joining strings with any delimiters


  Joining strings separated by spaces can be a little confusing because the boundaries (spaces) between string literals don’t make it easy for us to eyeball the individual strings. Moreover, it can occur only between string literals, which is an additional restriction. As a general scenario, joining strings with any delimiters is ideal. In this section, you’ll learn to join strings with any applicable delimiter.


  Still, consider the style setting example. We can use the join method to concatenate these separate strings:

  style_settings = ["font-size=large", "font=Arial", "color=black",  
➥ "align=center"]
merged_style = ", ".join(style_settings)
 
print(merged_style)
# output: font-size=large, font=Arial, color=black, align=center


  The join method takes a list of strings as its argument. The items of the list are joined sequentially with the delimiter string that we use to call the method. Although we use a list object here, more broadly speaking, it can be any iterable, such as tuple or set.
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