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         Dear Reader,

         
         
         I am a self-proclaimed minimalist.

         
         
         I have been known to go on day-long decluttering sprees, and actively try to reduce
            my consumption and the amount of possessions I own. Just the thought of digging through
            a jam-packed junk drawer of half-dead batteries, takeout menus, and long-forgotten
            mail to find a single, usable pen? It makes my blood pressure spike. While I might
            never get to the stage of owning a sleek, all-white house with just one set of dishes
            and bare-bones furniture, having a streamlined, calm environment significantly boosts
            my productivity and lowers my stress levels.
         

         
         
         If there was ever a programming language made for minimalists, Python fits the bill.
            Python was built around simplicity. Every element is treated as an object, which makes
            coding straightforward; developers are encouraged to write clean and easy to read
            code; and even the official Python principles carry an essence of serenity (the “Zen
            of Python”). Plus, it’s the ultimate multi-purpose tool: it’s not specialized and
            can be used to code just about anything you can think of.
         

         
         
         With this book, you’re getting everything you need to know about this simple but powerful
            language, all in one place. So what did you think about Python 3: The Comprehensive Guide? Your comments and suggestions are the most useful tools to help us make our books
            the best they can be. Please feel free to contact me and share any praise or criticism
            you may have.
         

         
         
         Thank you for purchasing a book from Rheinwerk Publishing!

         
         
         Rachel Gibson
Editor, Rheinwerk Publishing
         

         
         
         rachelg@rheinwerk-publishing.com 
www.rheinwerk-computing.com 
Rheinwerk Publishing • Boston, MA
         

         
         
         
      

   
      
         
         
         Notes on Usage

         
         This e-book is protected by copyright. By purchasing this e-book, you have agreed to accept and adhere to the copyrights.
            You are entitled to use this e-book for personal purposes. You may print and copy
            it, too, but also only for personal use. Sharing an electronic or printed copy with
            others, however, is not permitted, neither as a whole nor in parts. Of course, making
            them available on the internet or in a company network is illegal as well.
         

         
         For detailed and legally binding usage conditions, please refer to the section Legal Notes.
         

         
         This e-book copy contains a digital watermark, a signature that indicates which person may use this copy:
         

         
         

         
         
          

         
         
         
         
         
         Notes on the Screen Presentation

         
         You are reading this e-book in a file format (EPUB or Mobi) that makes the book content
            adaptable to the display options of your reading device and to your personal needs.
            That’s a great thing; but unfortunately not every device displays the content in the
            same way and the rendering of features such as pictures and tables or hyphenation
            can lead to difficulties. This e-book was optimized for the presentation on as many
            common reading devices as possible.
         

         
         If you want to zoom in on a figure (especially in iBooks on the iPad), tap the respective
            figure once. By tapping once again, you return to the previous screen. You can find
            more recommendations on the customization of the screen layout on the Service Pages.
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                        1    Introduction
Welcome to our comprehensive guide to the Python programming language. Because you’re holding our book in your hands at this moment, you’ve already made a decision: you want to program in Python. Whether you’re a programming novice or already have programming experience, our goal throughout this book is to introduce you to the Python language itself and its related background, concepts, and tools. But first, we want to congratulate you on your decision: Python is simple, elegant, and powerful; in short, programming in Python is pure fun.
Before we take you into the wonderful world of Python, we’d like to briefly introduce this book. This will provide basic information on the way the book is structured and give advice on how to read it depending on your individual level of experience. We also outline the goals and concepts of the book so that you know upfront what to expect.

        1.1    Why Did We Write This Book?

        We, Peter Kaiser and Johannes Ernesti, became aware of the Python programming language by chance in 2002 and have stayed with it ever since. We were particularly impressed by Python's simplicity, flexibility, and elegance. With Python, an idea can be developed into a working program in a short time. Short, elegant, and productive programs for complex tasks can be written, not least with the help of the extensive standard library, which considerably simplifies everyday programming. In addition, Python code runs unmodified on all major operating systems and computer architectures. For these reasons, we now use Python almost exclusively for our own projects.

        Our first encounter with Python also had its downsides: While there were many books on the subject, and documentation and tutorials could also be found on the internet, these texts were either very technical or only intended to get you started with the Python language. The abundance of tutorials makes it easy for a beginner to get a taste of the Python world and take their first steps. With good introductions, it’s even possible to build up a sound basic knowledge within a few days, which makes it quite possible to get started quickly. But the transition to advanced programming is a bit of a problem: you can't get ahead with the introductory tutorials, and at the same time you’re still not able to use the predominantly very technical documentation of Python for further education.

        The aim of this book is to fill this gap. In addition to a comprehensive introduction to the Python language, it offers many advanced chapters that will ultimately enable you to use Python professionally. In addition, the book always provides reference points and terms you can use for further research—for example, in the Python documentation.

    


                    
                        
        1.2    What Does This Book Provide?

        This book will provide you with in-depth Python knowledge that will enable you to tackle professional tasks. For this purpose, the Python language is introduced comprehensively and systematically from the first simple program to complex language elements. The book focuses on the practical use of Python; it should enable you to understand and develop Python programs yourself as quickly as possible.

        Apart from the introduction to the language itself, large parts of the Python standard library are discussed. This is a collection of tools available to the programmer to develop complex programs. The extensive standard library is one of Python's greatest strengths. Depending on the importance and complexity of the respective topic, concrete sample programs are created for demo purposes, which on the one hand train you in the use of the Python language and on the other hand can serve as a basis for your own projects. The source code of the sample programs is immediately executable and can be found in the online offerings for this book, which are described in Section 1.5.

        Even if the practice-oriented introduction and practical work with Python are in the foreground, a lot of background knowledge about programming is imparted as well. We’ll refrain from overly theoretical explanations.

    


                    
                        
        1.3    Structure of the Book

        This book is divided into five parts, the contents of which are briefly summarized ahead. Should you not be able to make any sense of the terms at the moment, don't worry; at this point, all the terms mentioned are for orientation purposes and will be explained in detail in the respective chapters.

        Part I provides an introduction to working with Python. We attach importance to the fact that you can develop and test your own first programs at an early stage. We recommend that you apply the knowledge gained in this part to your own Python programs. We believe that as with programming in general, learning by doing is the most promising learning method in Python.

        Part II covers in detail the data types available in Python. Among other things, numeric data types, sequential data types, mappings, sets, and data types for dates and times are covered.

        Part III focuses on important concepts that make working with Python very enjoyable, but can also be completely new territory for the inexperienced reader. The major overarching themes are functions, modularization, and object orientation, which play a central role in Python. It also covers modern programming techniques such as exception handling, iterators and generators, and annotations.

        Part IV focuses on Python's “batteries-included” philosophy: if possible, Python should have everything in the standard library that is required for developing your own applications. We’ll discuss many of the included modules in this part, as well as one or two third-party modules.

        It’s worthwhile to browse and experiment a bit here to know later which tools of the standard library are available to solve a problem.

        Finally, in Part V, we cover more advanced topics, such as the distribution of finished Python programs and modules to end users or other developers, the programming of graphical user interfaces with Tkinter and Qt, or an introduction to scientific computing with Python. Other central topics in this part are web development with the Django framework and an overview of alternative interpreters and compilers—for example, for interoperability with programs written in C or C++. At the end of the book, we discuss the differences between Python generations 2 and 3.

    


                    
                        
        1.4    How Should You Read This Book?

        This book is essentially aimed at two types of readers: those who want to get started programming with Python and ideally already have a basic knowledge of programming, and those who are already more or less familiar with the Python language and want to deepen their knowledge. For both types, this book is ideally suited, providing both a complete introduction to the programming language and a comprehensive reference for how to use Python in many areas.

        In the following paragraphs, we recommend how to read this book—depending on your level of knowledge.

        
            	
                As a beginner programmer or a newcomer with basic knowledge of another programming language, you should carefully work through the first two parts of the book. The introduction will enable you to write your own Python programs early on. Take this chance and program as much as you can while you are still reading the introduction. Be prepared for the demands to increase rapidly from Part II onward, as this book is designed to enable you to use Python professionally.

            

            	
                If you’re already good at programming and want to use this book as a transition from another language to Python, you should read the first three parts of the book to learn the syntax and concepts of Python and fill any gaps in your knowledge. Depending on your skill level, learning the Python language won’t be difficult. Subsequently, you can deepen your knowledge in Part IV and in Part V. 

            

            	
                The last target group to be considered is experienced Python programmers. If working with Python is part of your everyday business, you can skim Part I, Part II, and, depending on your level of knowledge, Part III of the book. You’ll be more interested in the two final parts, which serve as a helpful reference and provide further information and helpful advice on specific application topics.

            

        

    


                    
                        
        1.5    Sample Programs

        To supplement the printed examples, we provide additional examples that, for various reasons, are not included in this book. For example, this concerns more extensive programs, whose technical details we don’t want to print for didactic reasons.

        You can access this content through the online offering for this book at www.rheinwerk-computing.com/5566. 

    


                    
                        
        1.6    Preface To the First English Edition (2022)

        This book is based on its German counterpart first published in 2008. Since then, the German version has been released in six editions, each of which has distinguished itself by its large scope and topicality. In the following, we provide an overview of how the German book has evolved since its initial publication. The most recent sixth edition served as the basis for the first English edition, which you are reading right now.

        A lot has happened in the Python world since the first edition of this book was published in spring 2008. The 2.5 language version discussed at the time underwent a fundamental overhaul shortly afterward with the introduction of Python 3.0, in which the language was fundamentally modernized. To ease the transition, Python developers have also actively maintained and developed versions of Python 2 for years.

        The transition period between Python generations was a tour de force: due to the intended breach of backward compatibility, important libraries of the Python ecosystem only gradually became compatible with Python 3. As of January 1, 2020, more than eleven years after the release of Python 3.0, support for Python 2 has officially ended, drawing a line under this chapter of Python's history.

        The transition from Python 2 to Python 3 has also accompanied this book and sometimes presented the authors with great challenges. Keeping up with the rapid development of programming language, libraries, and operating systems wasn’t always easy. Nevertheless, we can sum up that the developments of the last few years have made the world of Python programming easier and more accessible. Installation instructions and explanations of the specifics of certain operating systems, which caused us great headaches in the first editions, have become almost superfluous due to the prevalence of package managers for Python today.

        The book itself has also evolved technologically in the process: we have moved from an enclosed CD to an enclosed DVD and finally to online resources accompanying the book. What has remained is our constant ambition to further improve the book didactically and in terms of content and to keep it up-to-date. In particular, we also take into account the great feedback from our readers, for which we’d like to express our sincere thanks.

        With this new English edition, we have thoroughly revised the entire book, polishing up dusty chapters and acknowledging current developments with new chapters. We have also carried out some restructuring with the aim of further improving comprehensibility and ease of reading. In addition to a number of smaller sections on various topics, this edition also includes a description of Structural Pattern Matching introduced in Python 3.10.

    


                    
                        
        1.7    Acknowledgments
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                        2    The Python Programming Language
In the previous chapter, we gave you an overview of this book and discussed the ways in which you should read it. Now we turn to the Python programming language, starting with an introduction to its history and basic concepts. The last two sections of this chapter cover the uses and applications of Python. You can think of this chapter as a narrative introduction to the topic that prepares for the technical entries that follow.

        2.1    History, Concepts, and Areas of Application

        In the following sections, we’ll cover the history, concepts, and application of the Python programming language.

        
            2.1.1    History and Origin

            The Python programming language was developed in the early 1990s by Guido van Rossum at the Centrum voor Wiskunde en Informatica (CWI) in Amsterdam. It was originally intended as a scripting language for the Amoeba distributed operating system. The name Python doesn’t refer to the snake family, but is a tribute to the British comedy group Monty Python.

            Prior to Python, van Rossum had participated in the development of the ABC programming language, which was developed with the goal of being simple enough to be easily taught to an interested layperson with no programming experience. Van Rossum used the experience gained from positive and negative criticism of ABC to develop Python. He thus created a programming language that is powerful and at the same time easy to learn.

            With version 3.0, which was released in December 2008, the language was revised from the ground up. The primary goal was to modernize the language while eliminating early design flaws that had to be kept in previous versions due to backward compatibility. With the official end of Python 2 support at the beginning of 2020, the long transition phase between language versions 2 and 3 has ended.

            Meanwhile, Python has become one of the most popular programming languages and regularly takes top positions in popularity indexes of programming languages.[ 1 ]

            In 2001, the nonprofit Python Software Foundation came into existence, which owns the rights to the Python code and promotes Python. For example, the Python Software Foundation organizes the PyCon conference, which is held annually in the US. Larger and smaller Python conferences are also held regularly in Europe.

        
        
            2.1.2    Basic Concepts

            Basically, Python is an imperative programming language, which combines other programming paradigms in it. For example, Python allows you to perform object-oriented and functional programming. If you can't make sense of these terms at the moment, don't worry; after all, you’re supposed to learn programming with Python and thus the application of the different paradigms in this book.

            Python is an interpreted programming language. Similar to Java or C#, Python has a compiler that reads the source code and generates a compilation, the so-called byte code. This byte code is then executed in a virtual machine, the Python interpreter.

            Another concept Python has in common with Java, for example, is platform independence. A Python program is usually executable unmodified on all operating systems that are supported by the Python interpreter. This includes in particular the three major desktop operating systems: Windows, Linux, and macOS.

            In addition to the interpreter and compiler, Python comes with an extensive standard library. This standard library allows the programmer to write concise programs in a short time that can perform very complex tasks. For example, Python provides extensive options for network communication or data storage. Because the standard library significantly enriches the programming options in Python, we’ll give special attention to it in Part III and, to some extent, also in Part IV of this book.

            A drawback of the ABC programming language, which van Rossum wanted to eliminate in the development of Python, was its lack of flexibility. A fundamental concept of Python is therefore to make it as easy as possible for the programmer to extend the standard library as desired. Python, as an interpreted programming language, itself offers only limited possibilities for low-level programming. However, program parts that are time-critical or require direct hardware access, can be implemented as extensions in C without any problem. This is made possible by the Python API.

            Figure 2.1 contains an overview of the interacting concepts of Python described so far: A Python program is executed by the Python interpreter, which provides an extensive standard library that can be used by the program. In addition, the Python API allows an external C program to use or extend the interpreter.

            As a last basic concept of Python, it should be mentioned that Python is subject to the PSF License.[ 2 ] This is a license for open-source software developed by the Python Software Foundation that is much less restrictive than the GNU General Public License, for example. For instance, the PSF License allows the Python interpreter to be embedded in and shipped with applications at no license cost, without having to disclose the code or incur license fees. This policy also makes Python attractive for commercial applications.

            [image: Overview of the Basic Concepts of Python]

            Figure 2.1    
            Overview of the Basic Concepts of Python

        
        
            2.1.3    Possible Areas of Use and Strengths

            Python's greatest strength is its flexibility. For example, Python can be used as a programming language for small and large applications, as a server-side programming language on the internet, or as a scripting language for a larger C or C++ application. Python is also spreading outside the traditional market, such as in the embedded sector. For example, Python interpreters exist for various smartphone or tablet systems or the Raspberry Pi.

            Python is easy to learn and read due to its simple syntax. In addition, the automatic memory management and the extensive standard library allow programmers to tackle very complex problems with lean programs. For this reason, Python is also suitable for rapid prototyping. This type of development involves creating an executable prototype in the shortest possible time as a kind of feasibility study of a larger software program, which is then to be implemented later in another programming language. With the help of such a prototype, problems and design errors can be discovered even before the actual development of the software is started.

            Another strength of Python is its extensibility, mentioned in the previous section. Because of this extensibility, Python developers can draw from a rich pool of third-party libraries. For example, there are connections to the most common graphical user interface (GUI) toolkits that enable the creation of Python programs with GUIs.

            In recent years, Python has become the central programming language in emerging data science and artificial intelligence (AI) applications. Python provides an excellent ecosystem for scientific computing, data analysis, and visualization due to the NumPy, SciPy, Matplotlib, and pandas libraries. In addition, scikit-learn, PyTorch, Keras, and TensorFlow are large Python libraries for machine learning and deep learning that have made Python the standard programming language in this area.

        
        
            2.1.4    Examples of Use

            Python is widely known and used both by software companies and among scientists, as well as in the open-source community. Products written at least in part in Python range from web applications (e.g., Gmail, Google Maps, YouTube, Dropbox, Reddit) to development tools (e.g., Mercurial, SCons) to scientific platforms for machine learning (e.g., scikit-learn, PyTorch, TensorFlow) and human language processing (e.g., NLTK).

            Many established applications support Python as a scripting language for extensions. Examples include the LibreOffice office suite as well as the Maya, Blender, ParaView, Cinema 4D, PaintShop Pro, and GIMP graphics and visualization applications.

            A Python interface is provided for the Raspberry Pi single-board computer, and Python is recommended as a programming language.

            In addition to those mentioned, there are countless other well-known applications that were written in Python or in whose environment Python is used. From the examples presented so far, you can see that Python is a popular, widely used, and modern programming language that’s well worth learning.

        
    


                    
                
                        
        2.2    Installing Python

        You can download and install the latest version of Python from the official Python website at http://www.python.org as an installation file for your operating system.

        However, in many cases it’s more convenient to use a Python distribution. In addition to Python itself, such a distribution includes a large number of frequently used extensions and also provides tools for convenient postinstallation of additional modules.

        In this book, we’ll use the Python distribution called Anaconda, by Continuum Analytics. Almost everything we need for the sample programs is already included in the default installation of that distribution.

        You can download the most recent version of Anaconda at https://www.anaconda.com for Windows, macOS, or Linux. Be aware that Anaconda does usually not install the most recent Python version by default due to its independent release cycle. For the purposes of this book we’ll refer to version 2022-05 which defaults to Python 3.9. More recent interpreter versions can be installed via the Anaconda package repository as explained in Chapter 39, Section 39.2.

        
            Note

            On Linux and macOS, a Python interpreter is usually already preinstalled, which allows you to try out most of the sample programs in this book. However, this is often a relatively old version of Python, so newer language elements are not yet available. Also, you need to take care of installing the extensions needed in some chapters yourself, which occasionally causes problems.

            For these reasons, we recommend you also use Anaconda on Linux and macOS.

        

        
            2.2.1    Installing Anaconda on Windows

            Anaconda for Windows comes as an installer that can simply be executed. To install Anaconda, just click the Next button several times in the installation program and finally click Install.

            After installation, you’ll see a new group in the Start menu: Anaconda3. This group includes a number of programs, and at this point we’re interested in the Anaconda Prompt or Anaconda Powershell Prompt entry.[ 3 ] If you click on this entry, a window with a black background opens where you can now start the interactive mode of Python using the python command and the graphical interactive development environment (IDLE) via the idle command.

            Whenever a shell or the command prompt is referred to in later chapters, the Anaconda prompt is meant throughout.

        
        
            2.2.2    Installing Anaconda on Linux

            For Linux, Anaconda provides an installation script that you can run in a shell. To do this, in the directory where the installation file is located, you must run the following command without the leading dollar sign to start the installation process:

            $ bash Anaconda3-2022.05-Linux-x86_64.sh 


            During the installation process, you can confirm almost all prompts with (Enter). At one point during the process, you need to confirm that you accept Anaconda's terms of use by answering “yes” to the corresponding question:

            Do you approve the license terms? [yes|no]
>>> yes 


            At the end of the installation process, you’ll be asked if you want to use the version of Python from the Anaconda distribution as your default Python. If this is the case, you should answer the question with “yes”.

            Do you wish the installer to prepend the Anaconda3 install location
to PATH in your /home/your_user/.bashrc ? [yes|no]
[no] >>> yes 


            If you don’t enter “yes” here, you’ll always have to make sure that the version of Anaconda gets started before you start Python in a shell:

            $ export PATH=/home/your_user/anaconda3/bin:$PATH 


            After installing Anaconda, you should start interactive mode or IDLE from a shell using the python or idle3 commands.

            
                Note

                If you use the Python version included in your Linux distribution, you should be aware that many distributions require you to start Python 3.x via a different command than python, such as python3, because often Python 2.x and 3.x are installed in parallel.

            

        
        
            2.2.3    Installing Anaconda on macOS

            On macOS, you can choose between a graphical installer and installation via the command line. If you decide to use the command line, you can perform all the steps in the same way as described in the previous section for Linux, entering the respective commands in a terminal.

            In both cases, once the installation is complete, you can use Python in a terminal via python and idle3.

            
                Note

                If you forget the 3 at the end of idle3, the IDLE version that is preinstalled on macOS will be started. For this reason, you should check if IDLE outputs Anaconda directly in the first line.

            

        
    


                    
                
                        
        2.3    Installing Third-Party Modules

        Python comes with many modules for various use cases in the default installation. This collection is complemented by a large number of available third-party modules, which you must postinstall before they can be used. The easiest way to do that is usually via the pip or conda package manager. For example, you can use

        $ pip install pandas 


        or

        $ conda install pandas 


        to install the pandas module, which allows you to process tabular data, as you’ll see in Chapter 43, Section 43.4.

        Details on how to use conda and pip can be found in Chapter 38, Section 38.4.

    


                    
                
                        
        2.4    Using Python

        Every installation of Python includes two important components besides the Python interpreter itself—namely, the interactive mode and IDLE.

        In the interactive mode, also referred to as the Python shell, individual program lines can be entered and the results viewed directly. The interactive mode is thus interesting for learning the Python language, among other things, and is therefore used frequently in this book.

        [image: Python in Interactive Mode (Python Shell)]

        Figure 2.2    
            Python in Interactive Mode (Python Shell)

        IDLE is a rudimentary Python development environment with a graphical user interface. When IDLE is started, initially only a window containing a Python shell opens. In addition, a new Python program file can be created and edited via the File • New Window menu item. After the program file has been saved, it can be executed via the Run • Run Module menu item in the Python shell of IDLE. Aside from that, IDLE provides the programmer with a couple of comfort functions, such as the colored highlighting of code elements (syntax highlighting) and automatic code completion.

        [image: Python IDLE]

        Figure 2.3    
            Python IDLE

        If you aren’t satisfied with IDLE, refer to the appendix of this book for an overview of the most common Python development environments.

    


                    
                
                        Part I
Getting Started with Python
In the first part of this book, we’ll provide an overview of elementary concepts of Python, which are also important for experienced Python developers. In many cases throughout these chapters, we give high-level application examples that don’t go into detail so that we can cover a wider range of topics.



                    
                        3    Getting Started with the Interactive Mode
When you start the Python interpreter without any arguments, you enter the so-called interactive mode. This mode enables programmers to send commands directly to the interpreter without having to create a program first. The interactive mode is often used to quickly try out or test something. However, it’s not suitable for writing real programs. Nevertheless, we would like to start here with the interactive mode, as it allows you to get started with the Python language quickly and easily.
This section is intended to familiarize you with some basics that are important for understanding the subsequent chapters. It’s best to implement the examples in this chapter on your computer in parallel with your reading.
As a greeting, the interpreter outputs a few lines that you should now have in front of you in a form similar to the following:
Python 3.11.0b1 (main, Jun 20 2022, 21:48:01) [Clang 13.1.6 (clang-1316.0.21.2.5)] on darwin
Type "help", "copyright", "credits" or "license" for more information.
>>>

Next to the prompt (>>>), you can enter any Python code.
As for the operation of the interactive mode, it should be mentioned that it has a history function. This means that you can use the (Up) and (Down) arrow keys to retrieve old inputs and don’t need to reenter them. It’s also possible to edit the inputs selected via the history.
Let’s start by introducing some basic data types. For the time being, we’ll restrict ourselves to integers, floats, character strings, lists, and dictionaries. There are certain rules according to which you have to write instances of these data types—for example, a numeric value or a character string—so that they can be recognized by the interpreter. Such a notation is referred to as a literal.

        3.1    Integers

        As a first and very simple example, we’ll generate an integer in interactive mode. The interpreter responds by outputting its value:

        >>> -9
-9
>>> 1139
1139
>>> +12
12 


        The literal for an integer consists of the digits 0 to 9. In addition, you can prefix a positive or negative sign. An unsigned number is always assumed to be positive.

        It is possible to combine several integers into one arithmetic expression using arithmetic operators such as +, -, *, or /. In this case, the interpreter responds with the value of the expression:

        >>> 5 + 9
14 


        As you can see, Python can be used quite intuitively as a kind of calculator. The next example is a bit more complex and includes several interlinked arithmetic operations:

        >>> (21 - 3) * 9 + 6
168 


        Here you can see that the interpreter applies the usual mathematical calculation laws and outputs the expected result. The division result of two integers is not necessarily an integer again, which is why the division operator always returns the result as a float:

        >>> 3/2
1.5
>>> 2/3
0.6666666666666666
>>> 4/4
1.0 


        
            Note

            This feature distinguishes Python from many other programming languages that perform an integer division and return an integer as the result when two integers are divided. This is also the default behavior in Python 2.

            Integer division may well be a desired behavior, but it often causes confusion, especially for programming beginners, and was therefore dropped in Python 3. If you want to perform integer division in Python 3, you must use the // operator:

            >>> 3//2
1
>>> 2//3
0


        

    


                    
                        
        3.2    Floats

        The literal for a float consists of a integer part, a decimal point, and a fractional part. As with integers, it’s possible to specify a sign:

        >>> 0.5
0.5
>>> -123.456
-123.456
>>> +1.337
1.337 


        Note that the decimal separator must be a period. A notation with a comma is not permitted. Floats can be used in terms just as intuitively as integers:

        >>> 1.5 / 2.1
0.7142857142857143 


        It’s also possible to specify a float in scientific notation:

        >>> 12.345e3
12345.0
>>> 12.345E3
12345.0 


        An expression like XeY represents the number X · 10Y. In the preceeding example it evaluates to 12.345 · 103.

        In Part II of the book, we’ll return to these basic data types and cover them in greater detail. Next we’ll look at another important data type: character strings.

    


                    
                        
        3.3    Character Strings

        In addition to numbers, character strings, also referred to as strings, are extremely important in almost every real-world program. Strings allow text to be read, saved, edited, or output by the user.

        To create a string, the associated text is written in double quotation marks:

        >>> "Hello World"
'Hello World'
>>> "abc123"
'abc123' 


        The single quotes that the interpreter uses to output the value of a string are an equivalent notation to the double quotes that we use and that you may also use:

        >>> 'Hello World'
'Hello World' 


        Similar to integers and floats, you can also use operators for strings. For example, the + operator joins two strings:

        >>> "Hello" + " " + "World"
'Hello World' 


        The two different notations for strings are useful, for example, when single or double quotation marks are to be included as characters in a string:

        >>> 'He says "Hello"'
'He says "Hello"'
>>> "He says 'Hello'"
"He says 'Hello'" 


    


                    
                        
        3.4    Lists

        Let’s now turn to lists. A list is an ordered collection of elements of any data type. To create a list, the literals of the values it should contain are written in square brackets separated by commas:

        >>> [1,2,3]
[1, 2, 3]
>>> ["This", "is", "a", "list"]
['This', 'is', 'a', 'list'] 


        In addition, list elements may be defined in form of expressions:

        >>> [-7 / 4, 5 * 3]
[-1.75, 15] 


        The elements of a list do not all have to be of the same type and in particular can be lists themselves, as the following example shows:

        >>> ["Python", 1, 2, -7 / 4, [1,2,3]]
['Python', 1, 2, -1.75, [1, 2, 3]] 


        Similar to strings, lists can be extended by elements with the + operator; + forms the concatenation of two lists.

        >>> [1,2,3] + ["Python", "is", "great"]
[1, 2, 3, 'Python', 'is', 'great'] 


        List elements are numbered consecutively starting from 0 and may be accessed using the [] operator.

        >>> x = ["Python", "is", "great"]
>>> x[0]
'Python'
>>> x[1]
'is'
>>> x[2]
'great' 


    


                    
                        
        3.5    Dictionaries

        The fifth and last data type we want to introduce at this point is the dictionary. A dictionary stores mappings of keys to values. To create a dictionary, the key-value pairs are written in curly brackets separated by commas. There’s a colon between a key and the corresponding value:

        >>> d = {"key1": "value1", "key2": "value2"} 


        You can access an underlying value via a key. For this purpose, square brackets are used as in lists:

        >>> d["key1"]
'value1'
>>> d["key2"]
'value2' 


        You can also use this access operation to modify values or enter new key-value pairs into the dictionary:

        >>> d["key2"] = "value2.1"
>>> d["key2"]
'value2.1'
>>> d["key3"] = "value3"
>>> d["key3"]
'value3'
>>> d
{'key1': 'value1', 'key2': 'value2.1', 'key3': 'value3'} 


        Both keys and values can have different data types than the strings used at this point. We’ll come back to that in due course.

        We’ll base our subsequent descriptions on the basic presentation of the five data types presented in the previous sections—integer, float, string, list, and dictionary—until we reach Part II of the book, where we’ll go into greater detail about all the data types built into Python.

    


                    
                        
        3.6    Variables

        In Python, you can assign a name to a value like a number or a string. For this purpose, the name is written on the left and the corresponding literal on the right of an equal sign. Such an operation is referred to as an assignment.

        >>> name = 0.5
>>> var123 = 12
>>> string = "Hello World!"
>>> list = [1,2,3] 


        The values associated with the names can be output later or used in calculations by entering the name instead of the respective value:

        >>> name
0.5
>>> 2 * name
1.0
>>> (var123 + var123) / 3
8.0
>>> var123 + name
12.5 


        It’s also possible to assign a name to the value of any expression, for example to the result of a calculation:

        >>> a = 1 + 2
>>> b = var123 / 4 


        The part to the right of the equal sign is always evaluated first. For example, the instruction a = 1 + 2 always determines the result of 1 + 2 before assigning a name to the resulting value.

        
            3.6.1    The Special Meaning of the Underscore

            In interactive mode, the underscore (_) can always be used to access the last value output. In this way, for example, a previously output intermediate result can be picked up and used in a further calculation:

            >>> 1 + 7
8
>>> _
8
>>> _ * 3
24 


            Note that the underscore takes on this special role exclusively in interactive mode and not in regular Python programs, as we’ll describe later.

        
        
            3.6.2    Identifiers

            A variable name, also called an identifier, may consist of almost any letters and the underscore. After at least one leading letter or underscore, digits may also be used.[ 4 ]

            
                Note

                When using variables, note that Python is case-sensitive. This means that a distinction is made between upper and lower case. In practice, this means that the identifiers otto and Otto are not identical and thus can be associated with two different values.

            

            Also note that umlauts and characters of international alphabets are allowed, as the following example shows:

            >>> äöüßéè = 123
>>> äöüßéè
123 


            Certain keywords[ 5 ] are reserved in Python for the language itself and may not be used as identifiers. The appendix of this book provides an overview of all reserved words in Python.

        
    


                    
                
                        
        3.7    Logical Expressions

        In addition to arithmetic operators, there’s a second set of operators that allow comparing values such as numbers:

        >>> 3 < 4
True 


        Here we test if 3 is smaller than 4. The interpreter responds to such comparisons with a truth value—that is, True or False. A comparison is performed using a so-called relational operator—in this case, <.

        Table 3.1 contains a list of the relational operators.

        
            
                
                    	
                        Comparison

                    
                    	
                        Meaning

                    
                

            
            
                
                    	
                        3 == 4

                    
                    	
                        Is 3 equal to 4? Note the double equal sign that distinguishes the comparison from an assignment.

                    
                

                
                    	
                        3 != 4

                    
                    	
                        Is 3 different from 4?

                    
                

                
                    	
                        3 < 4

                    
                    	
                        Is 3 less than 4?

                    
                

                
                    	
                        3 > 4

                    
                    	
                        Is 3 greater than 4?

                    
                

                
                    	
                        3 <= 4

                    
                    	
                        Is 3 less than or equal to 4?

                    
                

                
                    	
                        3 >= 4

                    
                    	
                        Is 3 greater than or equal to 4?

                    
                

            
        

        Table 3.1    
            Comparisons in Python

        In general, any arithmetic expression can be used for 3 and 4. When you combine two arithmetic expressions using one of the operators just described, you create a logical expression:

        (a - 7) < (b * b + 6.5) 


        In addition to the arithmetic operators already introduced, there are three logical operators you can use to change the result of a logical expression or to link two logical expressions.

        The not operator inverts the result of a comparison, thus turning True into False and False into True. Consequently, the expression not (3 < 4) is the same as 3 >= 4:

        >>> not (3 < 4)
False
>>> 3 >= 4
False
>>> not (4 < 3)
True
>>> 4 >= 3
True 


        The and operator gets two logical expressions as operands and evaluates to True if and only if both the first and the second expression have evaluated to True. It thus corresponds to the word and in natural language that links two parts of a sentence. In the example, this may look as follows:

        >>> (3 < 4) and (5 < 6)
True
>>> (3 < 4) and (4 < 3)
False 


        The or operator gets two logical expressions as operands and evaluates to False only if both the first expression and the second one evaluated to False. Thus, the operator returns True if at least one of its operands has returned True:

        >>> (3 < 4) or (5 < 6)
True
>>> (3 < 4) or (4 < 3)
True
>>> (5 > 6) or (4 < 3)
False 


        For the sake of simplicity, we have only compared figures here. Of course, such a comparison only makes sense when more complex arithmetic expressions are compared. With the relational operators and the three Boolean operators, not, and, and or, you can already create very complex comparisons.

        
            Note

            Note that brackets have been added to all examples only for the purpose of clarity as priority rules among the operators make brackets superfluous. This means that every example presented here would work as expected even without brackets. Nevertheless, it makes sense, especially at the beginning, to make the affiliations visually unambiguous by placing brackets around them. A table with the priority rules for operators, the so-called operator ranking, can be found in Chapter 10, Section 10.2.

        

    


                    
                        
        3.8    Functions and Methods

        In this section, we’ll provide a basic overview of functions and some concepts of object-oriented programming. In this regard, we’ll restrict ourselves to the aspects needed in the following chapters. Both topics will again be dealt with in detail in Chapter 17 and in Chapter 19, respectively.

        
            3.8.1    Functions

            In Python, parts of a program can be encapsulated in functions and then executed by means of a function call. The goal of this approach is to avoid redundancy in the source code. Functionality that is needed frequently should always be implemented only once as a function and then used as such in the remaining program. In addition, using functions can improve the readability and maintainability of the source code as code parts that belong together are encapsulated into units.

            Python provides a set of built-in functions a programmer can use at any time. As an example, this section uses the max built-in function, which determines the largest element of a list:

            >>> max([1,5,2,7,9,3])
9 


            A function is called by writing the function name followed by the function parameters in parentheses. In the example, the max function expects exactly one parameter—namely, a list of values to be considered. The result of the calculation is returned as the return value of the function. You can imagine that the function call in the source code is replaced by the return value.

            There is a variant of the max function that determines the largest parameter passed to it instead of the largest element of a list. To pass multiple parameters to a function, they are written in the parentheses and separated by commas when the function is called:

            >>> max(1,5,3)
5 


            Of course, you can define your own functions in Python, but at this point it’s sufficient to know how to use already existing functions. In Chapter 17, we’ll talk about functions again in detail.

        
        
            3.8.2    Methods

            Creating a value of a particular data type, such as creating an integer via its literal, is referred to as instantiating and the resulting value is called an instance. For example, 2 is an instance of the integer data type, while [4,5,6] is an instance of the list data type. The data type of an instance determines which data is stored as well as a set of operations that can be performed on this data. Some of these operations are represented by operators; for example, the float data type provides the + operator for adding two floats. For the simple numeric data types, a few operators are sufficient to work with them. With more complex data types, such as lists, a whole series of operations is conceivable that cannot be represented by operators alone. For such cases, data types can define methods. These are functions executed in the context of a specific instance.

            The list data type, for example, provides a sort method, which can be used to sort a list. To call a method, an instance is specified, either by a literal or a reference, followed by a period and the method call, which is structured like a function call:

            >>> list = [2,7,3,2,7,8,4,2,5]
>>> list.sort()
>>> list
[2, 2, 2, 3, 4, 5, 7, 7, 8] 


            Another example is provided by the count method of the string data type, which counts how often a character occurs in a string:

            >>> "Hello World".count("l")
3 


            The knowledge of functions and methods acquired here will be further deepened in the course of this book. In the following sections, we’ll discuss for starters what is probably the most important function built into Python: print.

        
    


                    
                
                        
        3.9    Screen Outputs

        Although we’ll often draw on the interactive mode, our goal is to write real Python programs as quickly as possible. It’s a special feature of the interactive mode that the value of an entered expression is automatically output. In a normal program, on the other hand, screen outputs must be generated by the programmer explicitly. To output the value of a variable, Python uses the print function:

        >>> print(1.2)
1.2 


        Note that while print outputs values, the automatic output of the interactive mode outputs representations, i.e. predominantly literals. For example, automatic output writes the value of a string in quotation marks while print doesn’t:

        >>> "Hello World"
'Hello World'
>>> print("Hello World")
Hello World 


        Here too, it’s possible to use a variable name instead of a constant value without any problem:

        >>> var = 9
>>> print(var)
9 


        Alternatively, you can output the result of an expression directly:

        >>> print(-3 * 4)
-12 


        Using print also allows for outputting multiple variables or constants on one line. For this purpose, the values are separated by commas. Each comma is replaced by a space character in the output:

        >>> print(-3, 12, "Python rocks")
-3 12 Python rocks 


        This is especially helpful if you want to output not only individual values, but also a short explanatory text about them. You can achieve something like this in the following way:

        >>> var = 9
>>> print("The magic number is:", var)
The magic number is: 9 


        Finally, print prints a line feed after each output, so consecutive print calls result in multiple output lines.

        
            Note

            In Python 2, screen output was generated using the print keyword rather than the print function:

            >>> print "This", "is", "Python", 2
This is Python 2


            In most cases, the missing parentheses are the only difference. You can find more information about the differences between Python 2 and 3 in Chapter 45.

        

    


                    
                
                        
        3.10     Modules

        A decisive advantage of Python besides the simple and flexible programming language itself is the large amount of shipped modules, which in their entirety form the standard library.

        Such modules often serve as a purposeful collection of additional functionality. There is, for example, the pprint module (for pretty print), which provides the pprint function. This function enables you to output instances of complex data types clearly formatted on the screen. It’s thus an alternative to the built-in print function when only a single instance is to be output. Before you can use a module, you must include it using the import keyword:

        >>> import pprint 


        Now the functions and constants available in pprint can be used in the subsequent program. In this case, we call the function pprint.pprint to clearly output a more extensive dictionary:

        >>> d = {"Python is": ["awesome", "brilliant", "mega cool", "simple and exciting"], "Python has": ["lots of modules", "always the right argument", "a nicely formatted screen output"]}
>>> pprint.pprint(d)
{'Python has': ['lots of modules',
                'always the right argument',
                'a nicely formatted screen output'],
 'Python is': ['awesome', 'brilliant', 'mega cool', 'simple and exciting']} 


        For comparison, here is the unformatted output using the built-in print function:

        >>> print(d)
{'Python is': ['awesome', 'brilliant', 'mega cool', 'simple and exciting'], 'Python has': ['lots of modules', 'always the right argument', 'a nicely formatted screen output']} 


        For more information about the pprint module, see Chapter 27, Section 27.1. In Chapter 18, where we’ll look more closely at the way the import keyword works. Much of the book is also devoted to the standard library, as well as third-party modules and libraries that usefully augment the Python language scope.

    


                    
                
                        4    The Path to the First Program
Now that we’ve covered some basic elements of the Python language in interactive mode, we want to transfer this knowledge to an actual program. In contrast to the interactive mode, which allows mutual interaction between the programmer and interpreter, the source code of a program is written into a file. This is read in and executed in its entirety by the interpreter.
In the following sections, you’ll learn about the basic structures of a Python program and write your first simple sample program.

        4.1    Typing, Compiling, and Testing

        This section describes the workflows required to create and run a Python program. More generally, in much of the book we’ll only write console applications, so we’ll prepare you for that. A console application has a purely text-based interface to the user and runs in the console (or shell) of the respective operating system. For most examples and also for many real-world use cases, such a text-based interface is sufficient.[ 6 ]

        Basically, a Python program consists of one or multiple program files. These program files use the .py file extension and contain the Python source code. The files are simple text files. Consequently, program files can be edited with a regular text editor.

        Once a program file has been written, the next step is to execute it. If you use IDLE, the program file can be conveniently run via the Run • Run Module menu item. If you use an editor that doesn’t support a comparable function, you must switch to the directory of the program file in a command line and—depending on your operating system—execute various commands.

        
            4.1.1    Windows

            On Windows, you must go to the directory where the program file is located and start the Python interpreter, using the python command followed by the name of the program file to be run.[ 7 ]

            [image: Running a Python Program in Windows]

            Figure 4.1    
            Running a Python Program in Windows

            "Hello World from your python program!" is an output of the Python program in the program.py file, which proves that the Python program was actually executed.

            
                Note

                In Windows, it’s also possible to execute a Python program by double-clicking on the respective program file. But the drawback of this is that the console window closes immediately after the program is terminated and you can’t see the output of the program.

            

        
        
            4.1.2    Linux and macOS

            On Unix-like operating systems such as Linux or macOS, you also go to the directory where the program file is located and then start the Python interpreter, using the python command followed by the name of the program file to be run. In the following example, the program file program.py is run on Linux, which is located in the /home/user/folder directory:

            user@HOST ~ $ cd folder
user@HOST ~/folder $ python program.py 
This is what your Python program writes to you 


            Please read the note in Chapter 2, Section 2.2, which states that the command you use to start Python may differ from the python command shown here, depending on the distribution.

        
        
            4.1.3    Shebang

            On a Unix-like operating system such as Linux, Python program files can be made directly executable using a shebang (#!), also referred to as a magic line. For this purpose, the first line of the program file must usually read as follows:

            #!/usr/bin/python 


            In this case, the operating system is encouraged to always run this program file using the Python interpreter. On other operating systems, such as Windows, the shebang line is ignored.

            Note that the Python interpreter might be installed on your system in a different directory than the one specified here. In general, therefore, the following shebang line is better as it’s independent of the actual installation location of Python:

            #!/usr/bin/env python 


            Further information on the interplay between Anaconda virtual environments and the shebang is provided in Chapter 39, Section 39.2. Also note that the executable flag of the program file must be set before the file is actually executable. This can be done using the following command:

            chmod +x filename 


            To keep a high degree of clarity, the examples shown in this book don’t include a shebang line. However, this doesn’t explicitly mean that using a shebang line should be avoided.

        
        
            4.1.4    Internal Processes

            Up to this point, you should have a rough idea of what Python is all about and where the strengths of this programming language can be found. We have also provided the basic knowledge of creating and running a Python program file. But in the previous sections, terms like compiler or interpreter have been used without any further explanation. In this section, therefore, we’ll look at the internal operations that occur when a Python program file is executed. Figure 4.2 illustrates what happens when a program file named program.py is executed.

            When the program.py program file is executed, as described at the beginning of the chapter, it first passes through the compiler, a program that translates from one formal language to another. In the case of Python, the compiler translates from the Python language to byte code. The compiler is free to keep the generated byte code in memory or to save it as program.pyc on the hard drive. 

            [image: Compiling and Interpreting a Program File]

            Figure 4.2    
            Compiling and Interpreting a Program File

            Note that the byte code generated by the compiler can’t be executed directly on the processor, unlike C or C++ compilations, for example. To run the byte code, another abstraction layer, the interpreter, is needed. The interpreter—often referred to as a virtual machine—reads the byte code generated by the compiler and executes it.

            This principle of an interpreted programming language has several advantages. For example, the same Python code can be run unmodified on all platforms for which a Python interpreter is available. However, programs of interpreted programming languages usually run slower than a comparable C program executed directly on the processor because of the intermediary interpreter.[ 8 ]

        
    


                    
                
                        
        4.2    Basic Structure of a Python Program

        To give you a feel for the Python language, we’ll first provide an overview of its syntax. The word syntax comes from the Greek and means "sentence structure." The syntax of a programming language is the complete description of permitted and forbidden constructions. The syntax is defined by a grammar that must be adhered to by the programmer. If he or she doesn’t do that, the well-known syntax error will be triggered.

        Python gives a programmer very precise instructions on how to structure the source code. Although experienced programmers may see this as a limitation, this feature benefits novice programmers in particular, because unstructured and cluttered code is one of the biggest sources of errors in programming.

        Basically, a Python program consists of individual statements, which in the simplest case take up exactly one line in the source code. For example, the following statement prints text on the screen:

        print("Hello World") 


        Some statements can be divided into a statement header and a statement body, where the body can contain further statements:

        Statement header:
    Statement
    …
    Statement 


        In a real Python program, this may look something like this:

        if x > 10: 
    print("x is greater than 10")
    print("Second line!") 


        The affiliation of the body to the header is specified in Python by a colon at the end of the statement header and by a deeper indentation of the statement body. Indentation can be done using both tabs and spaces, though you are well advised not to mix the two. We recommend an indentation depth of four spaces each.

        Python differs here from many common programming languages, where the mapping of the statement header and statement body is achieved by curly brackets or keywords like begin and end.

        
            Note

            A program in which both spaces and tabs have been used can be compiled by the Python compiler without difficulty as each tab is internally replaced by eight spaces. However, this can cause hard-to-find errors because many editors use a tab width of four spaces by default. This makes certain sections of source code appear to be equally indented when in fact they are not. 

            Please set your editor to automatically replace each tab with spaces, or use only spaces to indent your code.

        

        You may wonder now how statements that run over several lines are compatible with the interactive mode, in which only one line can be edited at a time. Well, in general, we’ll try to avoid the interactive mode when a code sample is several lines long. Nevertheless, the question is justified. The answer is that the statements are entered quite intuitively line by line. When the interpreter detects that an instruction isn’t yet complete, it changes the prompt from >>> to .... Let's enter the previous example into the interactive mode:

        >>> x = 123
>>> if x > 10:
...     print("The interpreter is doing a good job")
...     print("Second line!")
...
The interpreter is doing a good job
Second line!
>>> 


        Note that you have to consider the current indentation depth, even if a line starts with .... Furthermore, the interpreter can’t automatically detect the end of the statement body as it can contain any number of statements. For this reason, a statement body in interactive mode must be terminated by pressing the (Enter) key.

        
            4.2.1    Wrapping Long Lines

            Basically, source code lines can have any length. However, many programmers limit the length of their source code lines so that, for example, several source code files fit side by side on the screen or the code can be read comfortably on devices with a fixed line width. Common maximum line lengths are 80 or 120 characters. Within parentheses, you may wrap source code any way you like:

            >>> var = (
... 10
... +
... 10
... )
>>> var
20 


            However, in many other places where parentheses are not permitted you are bound by Python's strict syntactic rules. By using the backslash notation, it's possible to break source code into a new line at almost any position:

            >>> var \
... = \
... 10
>>> var
10 


            In general, a backslash can be placed anywhere a space could have been. Therefore, a backslash within a string is also possible:

            >>> "Hello \
... World"
'Hello World' 


            Note, however, that indenting the wrapped part of the string will write spaces into the string. For this reason, you should prefer the following variant of writing a string across multiple lines:

            >>> "Hello " \
... "World"
'Hello World' 


        
        
            4.2.2    Joining Multiple Lines

            Just as you wrap a single-line statement to multiple lines using the backslash, you can combine multiple single-line statements into one line. For this purpose, the statements are separated from each other by a semicolon:

            >>> print("Hello"); print("World")
Hello
World 


            Statements consisting of a statement header and a statement body can also be put on one line without using a semicolon, provided that the statement body itself doesn’t consist of more than one line:

            >>> x = True
>>> if x: print("Hello World")
...
Hello World 


            If the statement body is several lines long, they can be combined by a semicolon:

            >>> x = True
>>> if x: print("Hello"); print("World")
...
Hello
World 


            All statements joined by a semicolon are treated as if they were equally indented. A colon alone increases the indentation depth. For this reason, in the preceding example, there’s no way to write a statement on the same line that’s no longer in the body of the if statement.

            
                Note

                Using the backslash and especially the semicolon quickly results in unreadable code. Therefore, you should use both notations only if you think it’s conducive to readability and clarity.

            

        
    


                    
                        
        4.3    The First Program

        As an introduction to programming with Python, we’ll now create a small sample program—the Guessing Numbers game. The idea of the game is as follows: The player should guess a number specified in the program. For this purpose, they can make as many attempts as they like. After each attempt, the program informs them whether the guessed number was too big, too small, or exactly right. Once the player guesses the number, the program outputs the number of attempts and exits. From the player's point of view, the whole thing should look like this:

        Guess: 42
Too small
Guess: 10000
Too big
Guess: 999
Too small
Guess: 1337
Great, it took you only 4 attempts! 


        Let's now switch from the flow protocol to the actual implementation in Python.

        [image: Guessing Numbers: A Simple Example]

        Figure 4.3    
            Guessing Numbers: A Simple Example

        The highlighted areas of the program are discussed again in detail ahead.

        
            4.3.1    Initialization

            During initialization, the variables needed for the game are created. Python distinguishes among different data types, such as strings, integers, or floats. The type of a variable is determined at program runtime based on the value assigned to it, so it’s not necessary to specify a data type explicitly. A variable can change its type in the course of the program.

            In our game, variables for the searched number (secret), the user input (attempt), and the attempt counter (counter) are created and given initial values. The fact that attempt and secret have different values at the beginning of the program ensures that the loop will actually start.

        
        
            4.3.2    Loop Header

            A while loop is initiated. A while loop runs as long as the condition named in the loop header (attempt != secret) is met—in this case, until the attempt and secret variables have the same value. From the user's perspective, this means that the loop runs until the user input matches the number to be guessed.

            The loop body belonging to the loop header can be recognized by the fact that the following lines have been indented one step further. As soon as the indentation moves one step to the left again, the loop body ends.

        
        
            4.3.3    Loop Body

            In the first line of the loop body, a number entered by the player is read and stored in the attempt variable. The user's input is read using input("Guess: ") and converted to an integer with int. This conversion is important because user input is generally read as a string. In our case, however, we want to continue using the input as a number. The string "Guess: " is output before the input and is used to prompt the user to enter the number.

            After reading, it’s checked individually whether the entered number attempt is larger or smaller than the searched number secret, and a corresponding message is output via print. Finally, the attempt counter counter is increased by one.

            After the attempt counter is incremented, the loop body ends because the next line is no longer indented below the loop header.

        
        
            4.3.4    Screen Output

            The last program line is not part of the loop body. This means that it’s not executed until the loop is completely run—that is, until the game is won. In this case, a success message and the number of attempts required are output. The game is finished.

            Now create your first Python program by writing the program code to a file called game.py and running it. Change the start value of secret, and play the game.

        
    


                    
                
                        
        4.4    Comments

        You can certainly imagine that the goal is not to write programs that would fit on a postcard. Over time, the source code of your programs will become more extensive and complex. At some point, the time is reached when mere memory training is no longer sufficient to keep track of things. That’s the point when comments come into play, at the latest.

        A comment is a small piece of text that explains a certain part of the source code to point out problems, open tasks, or similar things. A comment is ignored by the interpreter, so it doesn’t change the flow of the program.

        The easiest way to write a comment is to use the line comment. This type of comment starts with the # character and ends with the end of the line:

        # An example with comments
print("Hello world!") # Simple hello world output 


        For longer comments, a block comment is a good choice. A block comment begins and ends with three consecutive quotation marks:[ 9 ]

        """ This is a block comment, 
it can extend over several lines. """ 


        Comments should only be used if they contribute to the understanding of the source code or contain valuable information. Commenting on every line, no matter how unimportant, leads to not seeing the forest for the trees.

    


                    
                
                        
        4.5    In Case of Error

        Perhaps you’ve already played with the sample program from Section 4.3 and come across the following or similar output from the interpreter:

          File "hello_world.py", line 10
    if attempt < secret
                       ^
SyntaxError: expected ':' 


        This is an error message that indicates a syntax error in the program. Can you tell what exactly the error is in this case? Correct: the colon at the end of the line is missing.

        Python provides important information when outputting an error message, which is helpful in troubleshooting:

        
            	
                The first line of the error message indicates in which line and within which file the error occurred. In this case, it’s line 8 in the hello_world.py file.

            

            	
                The middle part shows the affected section of the source code, with the exact location to which the message refers marked with a small arrow. It’s important that this is the place where the interpreter could first detect the error. This is not necessarily the same as where the mistake was made.

            

            	
                The last line specifies the type of the error message—in this case, a SyntaxError. These are the most common error messages. They indicate that the compiler wasn’t able to compile the program further due to a formal error.

            

        

        In addition to the syntax error, there are a number of other error types, which can’t all be discussed in detail here.[ 10 ] However, we’d like to highlight the IndentationError because it’s often encountered by Python beginners. To demonstrate this, try running the following program:

        i = 10
if i == 10: 
print("Incorrectly indented") 


        You can see that the last line should actually be indented one step further. The way the program is written now, the if statement has no statement body. This isn’t allowed, and an IndentationError occurs:

          File "indent.py", line 3
    print("Incorrectly indented")
    ^
IndentationError: expected an indented block after 'if' statement on line 2 


        Now that we’ve familiarized ourselves with these basics, we can turn to the control structures that allow a programmer to control the flow of the program.

        
            Note

            With Python 3.10 and 3.11, many common error messages as well as their general formatting has been revised. Therefore, if you use an older version of Python, the actual outputs you see might differ from the ones printed in this book.

        

    


                    
                
                        5    Control Structures
A control structure is a construct for controlling the program flow. There are two types of control structures in Python: loops and conditionals. Loops are used to execute a block of code multiple times. Conditionals, on the other hand, tie a block of code to a condition. Python knows two subtypes each of loops and conditionals, which will be described in the following sections.
Control structures can be nested within each other in any way. The indentation depth grows continuously in the process.

        5.1    Conditionals

        In Python, there are two types of conditionals: the classic if statement,[ 11 ] and conditional expressions as an additional way of conditionally executing code. We’ll discuss both types of conditionals in detail ahead and explain them with the help of examples. Let’s start with the if statement.

        
            5.1.1    The if Statement

            The simplest type of a conditional is the if statement. An if statement consists of a statement header containing a condition and a code block as the statement body (see Chapter 4, Section 4.2).

            The code block is executed only if the condition turns out to be true. The condition of an if statement must be an expression that can be interpreted as a truth value (True or False). Typically, the logical expressions introduced in Chapter 3, Section 3.7 are applied here:

            if condition:
    Statement
    …
    Statement 


            As an example, you can consider an if statement that outputs corresponding text only if the variable x has the value 1:[ 12 ]

            if x == 1: 
    print("x has value 1") 


            Of course, you can also use other comparative operators or a more complex logical expression and write more than one statement in the body:

            if x < 1 or x > 5: 
    print("x is less than 1 ...")
    print("... or greater than 5") 


            In many cases, a single if statement is not sufficient and you need a whole chain of mutually exclusive conditionals. In the following example, we want to output two different strings depending on whether x == 1 or x == 2. For this purpose, we can use two consecutive if statements:

            if x == 1: 
    print("x has value 1")
if x == 2: 
    print("x has value 2") 


            This is an inefficient way to achieve the goal from the interpreter's point of view, however, because both conditions are evaluated and checked in any case. But the second conditional would no longer have to be considered if the condition of the first one had already yielded True. The variable x cannot have both values 1 and 2 under any circumstances. To make such cases more efficient from the perspective of the interpreter and clearer from the programmer's point of view, an if statement can be extended by one or more elif branches.[ 13 ] The condition of such a branch is evaluated only if all preceding if or elif conditions have been evaluated as False.

            You can write the preceding example using elif as follows:

            if x == 1: 
    print("x has value 1")
elif x == 2: 
    print("x has value 2") 


            An if statement can be extended by any number of elif branches:

            if condition:
    Statement
    …
    Statement
elif condition:
    Statement
    …
    Statement
elif condition:
    Statement
    …
    Statement 


            In the source code, this could look as follows:

            if x == 1: 
    print("x has value 1")
elif x == 2: 
    print("x has value 2")
elif x == 3: 
    print("x has value 3") 


            As a final extension of the if statement, it’s possible to intercept all previously unhandled cases at once. For example, imagine that we want to output not only a corresponding string if x == 1 or x == 2 applies, but also an error message in all other cases, such as if x == 35 applies. For this purpose, an if statement can be extended by an else branch. If this branch is to be used, it must be written at the end of the if statement:

            if condition:
    Statement
    …
    Statement
else:
    Statement
    …
    Statement 


            In the source code, this can look as follows:

            if x == 1: 
    print("x has value 1")
elif x == 2: 
    print("x has value 2")
else: 
    print("Error: The value of x is neither 1 nor 2") 


            The code block subordinate to the else branch is run only if all previous conditions haven’t been met. An if statement can have only one else branch. In the example, else was used in combination with elif, which is possible but not mandatory.

            The following example provides an overview of the structure of an if statement including the possible branch types:

            if condition:
    Statement
    Statement
elif condition:
    Statement
    Statement
else:
    Statement
    Statement 


            
                Note

                If you already know a programming language such as C or Java, you might be interested to know that since Python 3.10 there is a counterpart to the switch/case control structure of these languages—namely, the match/case control structure, which we’ll describe in Chapter 25. In Python versions prior to 3.10, you can mimic the behavior of this control structure by using a cascade of if/elif/else branches.

            

        
        
            5.1.2    Conditional Expressions

            Based on the previous section, consider the following code:

            if x == 1: 
    var = 20
else: 
    var = 30 


            Considering that this is just a conditional assignment, the example is remarkably long at four lines. We’ll now show you that this code fits on one line using a conditional expression.

            Such a conditional expression can have two different values depending on a condition. For example, you can set var in the same assignment to either 20 or 30 depending on the value of x:

            var = (20 if x == 1 else 30) 


            The parentheses enclose the conditional expression in this case. They aren’t necessary, but they increase the level of clarity. The structure of a conditional expression is based on the English language and is as follows:

            A if condition else B 


            It takes either the value A if the condition is fulfilled or, otherwise, the value B. So you could imagine that the conditional expression after the equal sign is replaced by either A or B—that is, 20 or 30 in the preceding example. Thus, after evaluating the conditional expression, the result is again a valid assignment.

            This form of linking a statement to a condition can, of course, be applied to more than just assignments. In the following example, the same print statement outputs a different string depending on the value of x:

            print("x has value 1" if x == 1 else "x is unequal to 1") 


            Note that condition can be a logical expression and A and B can be any two arithmetic expressions. Consequently, a complex conditional expression can also look like this:

            xyz = (a * 2 if (a > 10 and b < 5) else b * 2) 


            It should be noted that the evaluation order of conditional expressions is different from the normal evaluation rules of Python code. The condition is always evaluated first and only then, depending on the result, follows either the left-hand or the right-hand part of the expression. Such an evaluation procedure is referred to as lazy evaluation because not all components of the statement are evaluated.

            The conditional expressions presented here can be used in practice to elegantly shorten complex and long code. However, this is at the expense of readability and clarity. We’ll therefore make use of it in this book only in exceptional cases. However, you’re free to use conditional expressions in your own projects in any way that suits you.

        
    


                    
                
                        
        5.2    Loops

        A loop allows you to execute a block of code, the loop body, several times in a row. Python distinguishes between two types of loops: the while loop as a simple loop structure and the for loop for running through more complex data types.

        
            5.2.1    The while Loop

            We already used the while loop in the number-guessing game. It’s used to execute a block of code as long as a certain condition is met. In our first program in Chapter 4, Section 4.3, a while loop was used to read a new number from the player until the number entered matched the number we were looking for.

            Basically, a while loop consists of a loop header containing the condition and a loop body corresponding to the code block to be executed (note that the loop runs as long as the condition is met, not until it is met):

            while condition:
    Statement
    …
    Statement 


            The following example is a somewhat abbreviated variant of the number-guessing game and is intended to illustrate the use of the while loop:

            secret = 1337
attempt = -1
while attempt != secret: 
    attempt = int(input("Guess: "))
print("You did it!") 


            The while keyword introduces the loop header, followed by the desired condition and a colon. In the subsequent lines, the loop body follows, indented one step further. There, a number is read by the user and given the name attempt. This process runs until the condition named in the loop header is met—that is, until the user's input (attempt) matches the secret number (secret).

        
        
            5.2.2    Termination of a Loop

            Because the variant of the number guessing game introduced in the previous section doesn’t provide any clues as to which areas contain the number being searched for, a game can take quite a long time. Therefore, in this section, we want to enable the user to prematurely cancel the game by entering 0. This can be achieved by modifying the loop condition to the following:

            attempt != secret and attempt != 0 


            This is an acceptable solution in this case, but if the loop condition is complex in itself and several termination conditions are added on top of it, the readability of the source code will suffer significantly.

            An alternative solution is provided by the break keyword , which can be placed anywhere in the loop body and breaks the loop:

            secret = 1337
attempt = -1
while attempt != secret: 
    attempt = int(input("Guess: "))
    if attempt == 0: 
        print("Game will be finished")
        break
print("You did it!") 


            Immediately after the user input, an if statement is used to check whether the input is 0. If this is the case, a corresponding message is output and the while loop is terminated via the break statement.

        
        
            5.2.3    Detecting a Loop Break

            In the previous section, the user was given the option to end the number-guessing game prematurely by entering 0. Unfortunately, the success message, which is supposed to signal to the player that he has guessed the number he had searched for, is displayed in any case after the loop has ended, even after the user has canceled the game:

            Guess: 10
Guess: 20
Guess: 30
Guess: 0
Game will be finished
You did it! 


            So at this point, we’re looking for a way to tell if the loop ended because of the loop condition or because of a break statement. For this purpose, similar to an if statement, a while loop can be extended by an else branch. The code block belonging to this branch is executed exactly once: when the loop has been completely processed—that is, when the condition returns False for the first time. In particular, the else branch doesn’t get executed if the loop was terminated prematurely by a break statement:

            while condition:
    Statement
    …
    Statement
else condition:
    Statement
    …
    Statement 


            Let's take look at a concrete example:

            secret = 1337
attempt = -1
while attempt != secret: 
    attempt = int(input("Guess: "))
    if attempt == 0: 
        print("Game will be finished")
        break
else: 
    print("You did it!") 


            From the user's point of view, this means the success message is output when the correct number has been guessed:

            Guess: 10
Guess: 1337
You did it! 


            Conversely, if the user enters 0 to cancel the game, the else branch won’t be executed, and thus no success message will be output:

            Guess: 10
Guess: 0
Game will be finished  


        
        
            5.2.4    Aborting the Current Iteration

            We have already presented a way to influence the flow of a loop using break. A second option is provided by the continue statement, which, in contrast to break, doesn’t terminate the entire loop but only the current iteration. To illustrate this, let's consider the following example, which so far doesn’t use a continue statement:

            while True: 
    number = int(input("Enter a number: "))
    result = 1
    while number > 0: 
        result = result * number
        number = number - 1
    print("Result: ", result) 


            In an infinite loop—that is, a while loop whose condition is fulfilled under all circumstances—a number is read and the result variable is initialized with the value 1. In a subsequent while loop, result is multiplied by number until the condition number > 0 is met. In addition, in each pass of the inner loop, the value of number is decreased by 1.

            After the inner loop has been passed through, the result variable is output. You’ll probably have already recognized that the sample program calculates the factorial[ 14 ] of any number entered:

            Enter a number: 4
Result:  24
Enter a number: 5
Result:  120
Enter a number: 6
Result:  720 


            However, the preceding code also allows the following input:

            Enter a number: -10
Result:  1  


            By entering a negative number, the condition of the inner loop is False right from the start, so the loop won’t be executed at all. For this reason, the value of result is output immediately, which in this case is 1.

            This is not what you would expect in this case. A negative number is an invalid entry. Ideally, the program should abort the calculation when an invalid number is entered and not display any result. This behavior can be implemented via a continue statement:

            while True: 
    number = int(input("Enter a number: "))
    if number < 0: 
        print("Negative numbers are not allowed")
        continue
    result = 1
    while number > 0: 
        result = result * number
        number = number - 1
    print("Result: ", result) 


            Immediately after the user's input has been read, an if statement checks whether it’s a negative number. If so, a corresponding error message is output and the current iteration is aborted. This means the program immediately jumps to the next iteration; that is, the loop condition is checked and then the next number is read in by the user. From the user's point of view, this means that after entering a negative number, no result is output but an error message and the user is prompted to enter the next number:

            Enter a number: 4
Result:  24
Enter a number: 5
Result:  120
Enter a number: -10
Negative numbers are not allowed
Enter a number: -100
Negative numbers are not allowed
Enter a number: 6
Result:  720  


            In retrospect, we want to elaborate here once again on the difference between break and continue. While break terminates the loop completely, continue only terminates the current iteration; the loop itself continues to run:

            while condition:
    …
    if condition:
        continue    # jump back to while condition:
    …
    if condition:
        break       # jump to First statement after loop
    …
First statement after loop 


        
        
            5.2.5    The for Loop

            In addition to the while loop described in the previous section, there is another loop available in Python—the for loop. A for loop is used to pass through an iterable object.[ 15 ] For this purpose, the for keyword is written, followed by an identifier, the in keyword, and the iterable object. Then the loop body follows, which is indented one level further:

            for variable in object:
    Statement
    …
    Statement 


            The current element of the iterable object can be accessed in the loop body via the selected identifier. Specifically, a for loop can iterate lists or strings—for example:

            >>> for x in [1,2,3]:
...     print(x)
...
1
2
3
>>> for c in "Python":
...     print(c)
...
P
y
t
h
o
n 


            In the course of this book, you’ll get to know a few more data types that can be passed through in this way via a for loop.

            
                Note

                The for loop as it exists in Python is not a counterpart of the loop construct of the same name in C or Java. It’s comparable to the foreach loop in PHP or Perl or to the range-based for loop in C++.

            

            The break and continue keywords discussed in connection with the while loop for canceling a whole loop or a single iteration (Section 5.2.2 and Section 5.2.4) can also be used with the for loop and have the same meaning there. In addition, a for loop can have an else branch similar to the while loop, which is executed exactly when the loop has run through completely and hasn’t been terminated prematurely via break:

            for variable in object:
    Statement
    …
    Statement
else:
    Statement
    …
    Statement 


        
        
            5.2.6    The for Loop as a Counting Loop

            In connection with the for loop, the built-in range function is of particular interest. It creates an iterable object that yields all the integers in a given range:

            range(stop)
range(start, stop)
range(start, stop, step) 


            The start placeholder represents the number to start with. The loop is terminated as soon as stop has been reached. You should know that the loop counter itself never reaches the value stop, as it always remains smaller. In each iteration the loop counter is incremented by step. Both start and stop as well as step must be integers. Once all values have been specified, the for loop looks like this:

            for i in range(1, 10, 2): 
    print(i) 


            The count variable i now starts with the value 1; the loop is executed as long as i is less than 10, and in each iteration i is incremented by 2. Thus the loop outputs the values 1, 3, 5, 7, and 9 on the screen.

            A for loop can be used not only in a positive direction; it’s also possible to count down:

            for i in range(10, 1, -2): 
    print(i) 


            In this case, i is set to the value 10 at the beginning of the loop and is decreased by 2 in each pass. The loop runs as long as i is greater than 1, and outputs the values 10, 8, 6, 4, and 2 onto the screen.

            This makes the for loop an ideal way to revise the example in the last section for calculating the factorial of a number. It’s also an example of how while and for loops can be nested within each other:

            while True: 
    number = int(input("Enter a number: "))
    if number < 0: 
        print("Negative numbers are not allowed")
        continue
    result = 1
    for i in range(2, number+1): 
        result = result * i
    print("Result: ", result) 


            After an input is made by the user and checked for its sign, a for loop is initiated. The loop counter i of the loop starts with the value 2. The loop runs as long as i is less than number+1; the highest possible value of i is therefore number. In each iteration, the result variable is then multiplied by i.

        
    


                    
                
                        
        5.3    The pass Statement

        During the development of a program, it can happen that at a certain point in time, a control structure is only partially implemented. The programmer creates a statement header but doesn’t add a statement body because they may want to take care of other, more important things first. However, a statement header hanging in the air without a corresponding body is a syntax error.

        For this purpose, you can use the pass statement—a statement that does nothing at all. It can be applied as follows:

        if x == 1: 
    pass
elif x == 2: 
    print("x has value 2") 


        In this case, only pass is found in the body of the if statement. Thus, if x has the value 1, nothing’s going to happen.

        The purpose of the pass statement is to avoid syntax errors in preliminary program versions. Finished programs usually don’t contain any pass statements.

    


                    
                        
        5.4    Assignment Expressions

        In Python 3.8, assignment expressions were introduced. These are understood to be hybrids between an assignment and an expression that evaluates to the assignment value. In the following example, we’ll determine the square of an integer y in terms of a simple arithmetic expression:

        >>> y = 10
>>> y*y
100 


        Here, the interactive mode helps us capture the value of the expression y*y. For example, such an expression can be used in the context of a conditional statement, where its value becomes part of a larger logical expression:

        >>> if y*y >= 100:
...     print("Yeah!")
... 
Yeah! 


        An assignment assigns a name to the value of an expression, which can be used to reference it later in the program. Unlike an expression, an assignment itself has no value and therefore can’t be used in the context of an arithmetic or logical expression:

        >>> z = y*y
>>> 


        An assignment expression is a combination of an assignment and an expression implemented by the := operator:

        >>> (z := y*y)
100 


        An assignment expression can therefore be used, for example, within the condition of an if statement to access an intermediate result of the condition later in the program:

        >>> if (z := y*y) >= 100:
...     print("Yeah!")
... 
Yeah!
>>> z
100 


        
            Note

            The := operator is the weakest binding operator (see Section A.2 in the appendix), which is why assignment expressions within more complex expressions must usually be enclosed in parentheses.

        

        For motivation, let's imagine a sample scenario in which we process a list of a variable size but limited by a maximum of 1000 elements. Furthermore, let's assume that if the maximum size is exceeded, we want to output an error message specifying the exact size of the list under consideration.

        Checking for the maximum size in combination with the required error message can be done as follows:

        if len(lst) > 1000:
    print("List too large:", len(lst), "elements") 


        The drawback of this compact solution is that the length len(lst) of the list has to be calculated twice, first to check if the list is too long and then again to compile the error message.[ 16 ] An alternative approach that avoids the double call of len is to determine the list length up front:

        length = len(lst)
if length > 1000:
    print("List too large:", len(lst), "elements") 


        This is also a valid solution, and it avoids the problem of double calculation by adding an extra line of code. Critics usually complain that such constructs make Python programs unnecessarily large and harder to grasp visually.

        An assignment expression, using the := operator introduced in Python 3.8, allows the preceding example to be expressed in a compact manner and at the same time without multiple calculations:

        if (length := len(lst)) > 1000:
    print("List too large:", len(lst), "elements") 


        Note that assignment expressions can make a program more compact, but at the same time they limit its readability. For this reason, you should always use assignment expressions with moderation and caution.

        
            Note

            In addition to the terminology used here, other names for assignment expressions are also commonly used. These include the term named expressions due to the fact that the value of an expression can be assigned a name at the same time, and the ironic term walrus operator due to the appearance of the operator: :=.

        

        
            5.4.1    The Guessing Numbers Game with Assignment Expressions

            In Chapter 4, Section 4.3, we considered a program that successively reads input from the user and checks the input for a certain condition. This program can be adapted by combining reading the input and the check into the loop header using an assignment expression:

            secret = 1337
counter = 1
while (attempt := int(input("Guess: "))) != secret:
    if attempt < secret:
        print("Too small")
    if attempt > secret:
        print("Too large")
    counter = counter + 1
print("Great, you did it in", counter, "tries!") 


            Using the := operator in combination with control structures such as loops or conditionals is a common use case often leading to more compact and less redundant code.

        
    


                    
                
                        6    Files
So far, we’ve discussed how to create and work with instances of various data types. In addition, you already know how the program flow can be affected by control structures. Now it's time to put this knowledge to good use and enable you to write more complex programs. This chapter is dedicated to the various options you have for the input or output of data. This refers in particular to reading and writing files, which is part of the standard repertoire of a programmer.
Before we turn specifically to reading and writing files in Python, the following section will introduce you to the necessary basics that enable you to do so.

        6.1    Data Streams

        A data stream is a continuous sequence of data. We distinguish between two types of data streams: data can be read from incoming data streams (downstream) and written to outgoing data streams (upstream). Screen output, keyboard input, and files and network connections are considered data streams.

        Figure 6.1 illustrates the concept of data streams based on an example in which a program receives data from an incoming stream, calculates a result from it, and outputs the result to an outgoing stream. For example, you can imagine that the program reads a file and prints every other word contained in the file on the screen.

        There are two standard data streams you have already used without knowing it: both the output of a string to the screen and a user input are nothing but operations on the standard input and output streams, stdin and stdout, respectively. The stdout output stream can be written to by using the built-in print function and read from the stdin input stream using input.

        All major operating systems allow you to open data streams in text or binary mode. While there is usually no technical difference between text streams and binary streams, opening a stream using the appropriate mode is important. In text mode certain control characters such as e.g., newline characters or the end-of-file (EOF) character may be interpreted according to their respective semantics. In addition, Python automatically attempts to decode[ 17 ] the contents of text streams into str instances.

        [image: Program Reads Data from an Incoming Stream and Writes to an Outgoing Stream]

        Figure 6.1    
            Program Reads Data from an Incoming Stream and Writes to an Outgoing Stream

        As a final distinction, there are data streams in which you can position yourself at will, and those in which you can’t. For example, a file represents a data stream in which the read/write position can be specified as desired. Examples of a stream in which this doesn’t work include the standard input stream (stdin) and a network connection.

    


                    
                
                        
        6.2    Reading Data from a File

        First, we’ll describe how you can read data from a file. To do this, we need to access that file in read-only mode. The test file we’ll use in this example is a dictionary that contains in each line an English word and, separated from it by a space, its German translation. The file should be named dictionary.txt:

        Spain Spanien
Germany Deutschland
Sweden Schweden
France Frankreich
Italy Italien 


        In the program, we want to prepare the data in this file so that we can conveniently access it later in a dictionary.[ 18 ] As a little extra, we’ll extend the program to allow the user to ask the program for the translation of an English term.

        
            6.2.1    Opening and Closing a File

            First, the file must be opened for reading. For this purpose, we use the built-in open function. This function returns a so-called file object:

            fobj = open("dictionary.txt", "r") 


            As the first parameter of open, we pass a string containing the path to the respective file. Note that both relative and absolute paths are allowed here.[ 19 ] The second parameter is also a character string and specifies the mode in which the file is to be opened, where "r" stands for read and means that the file is opened for reading. We associate the file object returned by the function with the fobj reference. If the file doesn’t exist, a FileNotFoundError is generated:

            Traceback (most recent call last):
  File "dictionary.py", line 1, in <module>
    fobj = open("dictionary.txt", "r")
FileNotFoundError: [Errno 2] No such file or directory: 'dictionary.txt' 


            Once open is called, the file object can be used to read data from the file. When the file has been read, it must be closed explicitly by calling the close method:

            fobj.close() 


            After calling this method, no more data can be read from the file object.

        
        
            6.2.2    The with Statement

            In the previous section, you saw how you can open a file using the built-in open function and close it after using the close method of the opened file object:

            fobj = open("dictionary.txt", "r")
# Do something with fobj
fobj.close() 


            The interplay of open and close is a typical pattern you will encounter again and again in various situations. In addition to file operations, network connections, for example, also represent situations in which a connection must first be established, then used, and finally closed. 

            The explicit use of open and close, as shown in the preceding example, bears the risk that due to a programming error or due to the omittance of error handling, the close method is not called and thus the file object is not closed. To make sure such errors won’t happen, you should use the with statement to open a file:

            with open("dictionary.txt", "r") as fobj:
    # Do something with fobj
    pass 


            As soon as the control flow leaves the statement block indented below a with statement, the file object opened with the with statement is automatically closed. In particular, this also applies in the event of an error that hasn’t been handled.

            Objects such as the file object that can be used in conjunction with a with statement are also referred to as context managers. At this point, it’s sufficient to know that the with statement ensures that the context manager is closed properly in every case. We’ll explore this topic further in Chapter 22.

        
        
            6.2.3    Reading the File Content

            In the next step, we want to read the file line by line. This is relatively simple as the file object can be iterated line by line. So we can use the old familiar for loop:

            with open("dictionary.txt", "r") as fobj:
    for line in fobj:
        print(line) 


            In the for loop, we iterate over the file object line by line, with line each time referencing the contents of the current line. Currently, each line in the loop body is merely output. However, we want to build a dictionary in the program that contains the English terms as keys and the respective German terms as values after reading the file.

            To do this, we first create an empty dictionary:

            words = {} 


            Then the dictionary.txt file is opened for reading and iterated in a loop over all lines of the file:

            with open("dictionary.txt", "r") as fobj:
    for line in fobj:
        assignment = line.split(" ")
        if len(assignment) == 2:    # consider only valid lines 
            words[assignment[0]] = assignment[1] 


            In the loop body, we now use the split method of a string to break the currently read line into two parts of a list: the part to the left of the space—that is, the English word—and the part to the right of the space—that is, the German word. In the next line of the loop body, a new entry is then created in the dictionary, with the assignment[0] key (the English word) and the assignment[1] value (the German word). Finally, we decide to tacitly skip a line if we could not extract exactly two components from it. We chose this type of error handling for didactic reasons to keep the program as simple as possible. In practice, you should ask yourself whether you should output the problematic lines or even terminate the program with an error message.

            Now modify the preceding code once so that after closing the file object, the generated dictionary is output with print. The output will look like this:

            {'Spain': 'Spanien\n', 'Germany': 'Deutschland\n', 'Sweden': 'Schweden\n', 'France': 'Frankreich\n', 'Italy': 'Italien\n'} 


            You can see that after each value there is a \n, which is the escape sequence for a line break. This is because a line break in Python is considered a character and thus part of the file contents. Thus, each line of a file is read entirely, including a possible line break at the end. Of course, the line break is only read if it really exists.

            We don’t want to find the line break again in the final dictionary. For this reason, we call the strip method of the line string in each iteration. This removes all white space characters,[ 20 ] including line breaks, at the beginning and end of the string:

            words = {}
with open("dictionary.txt", "r") as fobj:
    for line in fobj:
        line = line.strip()
        assignment = line.split(" ")
        if len(assignment) == 2:    # consider only valid lines
            words[assignment[0]] = assignment[1] 


            Thus, the content of the file has been completely transferred to a dictionary. As a little extra, we now want to allow the user to send translation requests to the program. In the flow sequence, it should look like this:

            Enter a word: Germany
The German word is: Deutschland
Enter a word: Italy
The German word is: Italien
Enter a word: Greece
The word is unknown 


            In the program, we read requests from the user in an infinite loop. The in operator enables us to check if the read word exists as a key in the dictionary. If so, the corresponding German translation is output. If the entered word doesn’t exist, an error message will be displayed:

            words = {}
with open("dictionary.txt", "r") as fobj:
    for line in fobj: 
        line = line.strip()
        assignment = line.split(" ")
        if len(assignment) == 2:    # consider only valid lines
            words[assignment[0]] = assignment[1] 
while True: 
    word = input("Enter a word: ")
    if word in words: 
        print("The German word is:", words[word]) 
    else: 
        print("The word is unknown") 


            The sample program presented here is far from perfect, but it shows very nicely how file objects and also dictionaries can be used in a meaningful way. Feel free to expand the program. For example, you could allow the user to exit the program properly, offer translations in both directions, or allow the use of multiple source files.

        
    


                    
                
                        
        6.3    Writing Data to a File

        In the previous section, we focused on reading files. The fact that it also works the other way around is the topic of this section. To open a file for writing, we also use the built-in open function. You’ll remember that this function expects a mode as second parameter, which had to be "r" for read in the last section. Similarly, "w" (for write) must be specified if the file is to be opened for writing. If the desired file already exists, it will be emptied. A file that doesn’t exist yet will be created:

        fobj = open("output.txt", "w") 


        After all data has been written to the file, the file object must be closed by calling the close method:

        fobj.close() 


        Also, when writing a file, you should use the with statement instead of explicitly using open and close:

        with open("output.txt", "w") as fobj:
    # Do something with fobj
    pass 


        To write a string to the open file, you can call the write method of the file object. The following sample program is intended as a counterpart to the example from the last section. We assume that words references a dictionary containing English terms as keys and the German translations as values—for example:

        words = {
    "Germany": "Deutschland",
    "Spain": "Spanien",
    "Greece": "Griechenland"
} 


        So it’s a dictionary like that created by the sample program from the previous section:

        with open("output.txt", "w") as fobj:
    for engl in words:
        fobj.write(f"{engl} {words[engl]}\n") 


        First, we open a file called output.txt for writing and then iterate over all keys of the words dictionary. In each iteration, a correspondingly formatted string is written to the file via fobj.write. Note that when writing a file, you must explicitly jump to a new line by outputting \n.

        We’ll take a closer look at the f-string syntax f"..." for formatting strings in Chapter 12, Section 12.5.3. At this point, it should be sufficient for us to know that an f-string supports the definition of placeholders in the string which are replaced by the values of the expressions given in curly braces.

        The file written by this example can be read again by the sample program from the last section.

    


                    
                
                        
        6.4    Generating the File Object

        As you can see from the previous examples, a file object can be created using the built-in open function. To this function, you can pass other parameters besides the file name and the mode, which are worth looking at. Also, in addition to the "r" and "w" modes already described, there are a few others we’ll discuss ahead. Finally, we’ll provide an overview of the methods of the resulting file object.

        
            Note

            This section contains detailed information about file objects and serves predominantly as a reference. As a result, you may skip it during your first read.

        

        
            6.4.1    The Built-In open Function

            The built-in open function opens a file and returns the created file object. Using this file object, you can subsequently perform the required operations on the file.[ 21 ]

            
                open(filename, [mode, buffering, encoding, errors, newline])

                We’ve already discussed the first two parameters in the previous sections. Those are the file name or path to the file to be opened and the mode in which the file is to be opened. A string must be passed for the mode parameter. All valid values and their meanings are listed in Table 6.1.

                
                    
                        
                            	
                                Mode

                            
                            	
                                Description

                            
                        

                    
                    
                        
                            	
                                "r"

                            
                            	
                                The file is opened for reading only.

                            
                        

                        
                            	
                                "w"

                            
                            	
                                The file is opened for writing only. Any existing file with the same name will be overwritten.

                            
                        

                        
                            	
                                "a"

                            
                            	
                                The file is opened for writing only. A possibly existing file with the same name won’t be overwritten, but extended.

                            
                        

                        
                            	
                                "x"

                            
                            	
                                The file is opened for writing only, if it doesn’t already exist. If a file with the same name already exists, a FileExistsError exception is raised.

                            
                        

                        
                            	
                                "r+", "w+", "a+", "x+"

                            
                            	
                                The file is opened for reading and writing. Note that "w+" will empty any existing file with the same name.

                            
                        

                        
                            	
                                "rb", "wb", "ab", "xb", "r+b", "w+b", "a+b", "x+b"

                            
                            	
                                The file will be opened in binary mode. Note that in this case, bytes instances must be used instead of strings (see Chapter 12, Section 12.5).

                            
                        

                    
                

                Table 6.1    
            File Modes

                The mode parameter is optional and is assumed to be "r" if omitted.

                The four additional optional parameters, buffering, encoding, errors, and newline, are not usually needed, and we’ll illustrate their use with a number of similar interfaces throughout the book. Nevertheless, we want to provide a brief summary of their meaning at this point.

                The fourth optional parameter, encoding, can be used to specify the encoding in which the file is to be read or written. The encoding determines how special characters beyond the ASCII character set are stored. For more information about encodings in Python, you can refer to the description of strings in Chapter 12, Section 12.5.4. There you’ll also find more detailed information about the encoding and errors parameters. Specifying an encoding makes no sense when opening a file in binary mode and should be omitted in this case.

                The fifth parameter, errors, determines how to deal with errors in encoding characters in the specified encoding. If the "ignore" value is passed for errors, they’ll be ignored. A ValueError exception is raised for a value of "strict", which also happens if you don’t specify the parameter.

                The buffering parameter controls the internal buffer size, and newline specifies the characters to be recognized or used as new line characters when reading or writing the file.

            
        
        
            6.4.2    Attributes and Methods of a File Object

            The parameters specified when opening can be read again via the name, encoding, errors, mode, and newlines attributes of the resulting file object.

            Table 6.2 briefly summarizes the most important methods of a file object. We’ll discuss the seek and tell methods in more detail in the following section.

            
                
                    
                        	
                            Method

                        
                        	
                            Description

                        
                    

                
                
                    
                        	
                            close()

                        
                        	
                            Closes an existing file object. Note that no read or write operations may be performed after that.

                        
                    

                    
                        	
                            fileno()

                        
                        	
                            Returns the descriptor* of the opened file as an integer.

                        
                    

                    
                        	
                            flush()

                        
                        	
                            Orders pending write operations to be executed immediately.**

                        
                    

                    
                        	
                            isatty()

                        
                        	
                            True if the file object was opened on a data stream that can’t be written or read at any position.

                        
                    

                    
                        	
                            next()

                        
                        	
                            Reads the next line of the file and returns it as a string.

                        
                    

                    
                        	
                            read([size])

                        
                        	
                            Reads size bytes of the file. If size is not specified or the file is smaller than size bytes, the file will be read in its entirety.

                            The data is returned as a string or bytes string depending on the reading mode.

                        
                    

                    
                        	
                            readline([size])

                        
                        	
                            Reads one line of the file. The number of bytes to be read can be limited by specifying size.

                        
                    

                    
                        	
                            readlines([sizehint])

                        
                        	
                            Reads all lines and returns them as a list of strings. If sizehint is specified, the read process runs until approximately sizehint bytes have been read.***

                        
                    

                    
                        	
                            seek(offset, [whence])

                        
                        	
                            Sets the current read/write position in the file to offset.

                        
                    

                    
                        	
                            tell()

                        
                        	
                            Returns the current read/write position in the file.

                        
                    

                    
                        	
                            truncate([size])

                        
                        	
                            Deletes all data in the file after the current read/write position, or—if specified—everything except the first size bytes.

                        
                    

                    
                        	
                            write(str)

                        
                        	
                            Writes the str string to the file.

                        
                    

                    
                        	
                            writelines(iterable)

                        
                        	
                            Writes several lines to the file. The iterable iterable object must pass through strings, such as a list of strings, for example.

                        
                    

                    
                        	
                            * A file descriptor is an identification number assigned by the operating system for open files. The default stdin and stdout streams have descriptors 0 and 1, respectively.

                            ** The operating system can buffer pending file operations for efficiency and execute them at a later time. This is the reason, for example, that USB sticks shouldn’t be pulled out without logging them out of the operating system.

                            *** In this context, approximately means that the number of bytes to be read may be rounded up to an internal buffer size.

                        
                    

                
            

            Table 6.2    
            Methods of a File Object

        
        
            6.4.3    Changing the Write/Read Position

            The previous examples have shown how files can be read or written in a sequential manner. Due to the special nature of files, it’s possible to change the write or read position at will. For this purpose, you can use the seek and tell methods of the file object.

            
                seek(offset, [whence])

                The seek method of a file object sets the read/write position within the file. It is the counterpart of the tell method, which returns the current read/write position.

                
                    Note

                    The seek method has no effect in "a" mode. In "a+" mode, the read/write position is changed so that it can be read at any point in the file, but it’s reset before a write operation.

                

                If the file has been opened in binary mode, the offset parameter is counted in bytes from the beginning of the file. This interpretation of offset can be influenced by the optional whence parameter (see Table 6.3).

                
                    
                        
                            	
                                Value of whence

                            
                            	
                                Interpretation of offset

                            
                        

                    
                    
                        
                            	
                                0

                            
                            	
                                Number of bytes relative to the beginning of the file

                            
                        

                        
                            	
                                1

                            
                            	
                                Number of bytes relative to the current read/write position

                            
                        

                        
                            	
                                2

                            
                            	
                                Number of bytes relative to the end of the file

                            
                        

                    
                

                Table 6.3    
            The whence Parameter

                You won’t be able to use seek as freely if the file is opened in text mode. Here, only return values of the tell method should be used as offset. Deviating values can cause undefined behavior.

                In the following example, the seek method is used to determine the width, height, and color depth of a bitmap graphic:[ 22 ]

                from struct import unpack
with open("coffee.bmp", "rb") as f:
    f.seek(18)
    width, height = unpack("ii", f.read(8))
    f.seek(2, 1)
    bpp = unpack("H", f.read(2))[0]
print("Width:", width, "px")
print("Height:", height, "px")
print("Color depth:", bpp, "bpp") 


                From the specification of the bitmap file format,[ 23 ] we can see that the information we’re looking for is located at offsets 18, 22, and 28, in the form of two consecutive four-byte values and one two-byte value. We therefore open the image.bmp file to read in binary mode and skip the first 18 bytes using the seek method. At this point, we can use read to read the width and height of the graphic. The values read via read are returned as a bytes string (see Chapter 12, Section 12.5) and must therefore be converted for our purposes into numbers. To do that, we use the unpack function from the struct module of the standard library. The format statement "ii" required by unpack states that the bytes string passed should be interpreted as two consecutive signed 32-bit integers. More about struct can be found in Chapter 44, Section 44.2.

                After reading the width and height, we skip two more bytes from the current read position (the whence parameter is set to 1 in the seek call) and then can read two bytes containing the color depth of the image.[ 24 ] Finally, we output the read information and can check it for correctness with a graphics program, for example:[ 25 ]

                Width: 800 px
Height: 600 px
Color depth: 24 bpp 


            
        
    


                    
                
                        7    The Data Model
This chapter describes how Python manages data at runtime. In particular, we will discuss what variables actually are in Python and explain the related terms object, instance and reference.
In computer science, variables are generally understood as named storage locations for data of different types such as numbers, lists, or other structures. As you already know, in Python a new variable named a can be created as follows:
>>> a = 1337 

Subsequently, the variable a can be used like the numerical value 1337:
>>> 2674 / a
2.0 

To understand what happens internally when we create a new variable, two concepts need to be distinguished: instance and reference. An instance is a concrete data object in the memory created according to the template of a certain data type—for example, the special number 1337 according to the template of the data type int.
In the following sections, we’ll only look at integers and strings for reasons of simplicity, but the principle applies to any kind of data object.
In the simplest case, an instance of an integer can be created as follows:
>>> 12345
12345 

For us as programmers, however, this instance is not very useful, because although it’s output after its creation, it will then no longer be accessible and so we can’t continue to use its value.
This is where references come into play. Only references enable us to use instances because they allow us to access the instances. A reference is often simply called a name in Python. You can use the assignment operator = to create a reference to an instance, with the reference to the left and the instance to the right of the operator:
>>> a = 12345 

With this, we can describe our example as follows: We create a new instance of an integer with the value 1337. We also create a reference a to this instance. This can also be illustrated graphically (see Figure 7.1).
[image: Schema of the Reference-Instance Relationship]
Figure 7.1    
            Schema of the Reference-Instance Relationship
It’s also possible to provide previously referenced instances with additional references:
>>> reference1 = 1337
>>> reference2 = reference1 

Graphically illustrated, the result looks like as shown in Figure 7.2.
[image: Two References to the Same Instance]
Figure 7.2    
            Two References to the Same Instance
It’s particularly important to note that there is still only one instance with the value 1337 in the memory, although we can access it with two different names—reference1 and reference2. Thus, by assigning reference2 = reference1, the instance 1337 was not copied, but only referenced one more time.
Note that references to the same instance are independent of each other and the value referenced by the other references doesn’t change when we assign a new instance to one of them:
>>> reference1 = 1337
>>> reference2 = reference1
>>> reference1
1337
>>> reference2
1337
>>> reference1 = 2674
>>> reference1
2674
>>> reference2
1337 

Up to the first two outputs, the situation looks like the one shown in Figure 7.2: the two references, reference1 and reference2 point to the same instance 1337. We then create a new instance 2674 and assign it to reference1. The output shows that reference2 still points to 1337 and hasn’t been changed. Thus, the situation after the third assignment is as shown in Figure 7.3.
[image: Two References Are Independent of Each Other]
Figure 7.3    
            Two References Are Independent of Each Other

        Note

        As you’ve seen, the notion of a variable as a memory location in Python is only partially correct as variables in Python are references with symbolic names. For this reason, phrases frequently used in programming, such as store in a variable, are strictly speaking not applicable. Rather, it would be correct to speak of referencing by a symbolic name.

        In our experience, it’s important to be aware of this correct view when working with Python. However, when the precise formulation is used consistently, other aspects are easily overshadowed by the more complicated form of expression. We have therefore decided to present you with the exact background in this chapter, but to use more imprecise formulations such as storing in a variable in the rest of the book if we think this will improve comprehensibility.

    
You now know that you must distinguish between two concepts: references to instances, and the instances themselves. In the following sections, we’ll take a look at the properties of instances in more detail.

        7.1    The Structure of Instances

        Each instance in Python includes three components: its data type, its value, and its identity. Our initial example could be thought of as having three parts, as shown in Figure 7.4.

        [image: An Instance with Its Three Properties]

        Figure 7.4    
            An Instance with Its Three Properties

        
            7.1.1    Data Type

            The data type serves as a blueprint when the instance is created and defines which values the instance may assume. For example, the int data type allows you to store an integer. Strings can be managed via the str data type. In the following example, you can see how to identify the data types of different instances using type:

            >>> type(1337) 
<class 'int'>
>>> type("Hello World")
<class 'str'>
>>> v1 = 2674
>>> type(v1)
<class 'int'> 


            The type function is useful, among other things, when you want to check whether two instances have the same type or whether an instance has a specific type:[ 26 ]

            >>> v1 = 1337
>>> type(v1) == type(2674) 
True
>>> type(v1) == int
True
>>> type(v1) == str
False 


            Note, however, that a type refers only to instances and has nothing to do with the linked references. A reference has no type and can reference instances of any type. The following is absolutely possible:

            >>> first_a_string = "I am a string"
>>> type(first_a_string)
<class 'str'>
>>> first_a_string = 1789
>>> type(first_a_string) 
<class 'int'> 


            So it's wrong to say "first_a_string has type str." The correct thing to say is "first_a_string currently references an instance of type str." However, since the former leads in many cases to much simpler and more comprehensible descriptions, this formulation is also often used in the context of Python. In this book we also simplify many descriptions in the interest of the readability in this way.

        
        
            7.1.2    Value

            What specifically constitutes the value of an instance depends on its type. Types can be, for example, numbers, strings, or data of other types, which you’ll get to know later. In the preceding examples, they were 1337, 2674, 1798, "Hello world", and "I am a string".

            You can use the == operator to compare instances with respect to their value:

            >>> v1 = 1337
>>> v2 = 1337
>>> v1 == v2
True
>>> v1 == 2674
False 


            With the help of our graphical model (see Figure 7.5), the operation of the == operator can be well illustrated.

            [image: Value Comparison of Two Instances (in This Case, False)]

            Figure 7.5    
            Value Comparison of Two Instances (in This Case, False)

            The value comparison is only useful if it refers to structurally similar data types, such as integers and floats:

            >>> number1 = 1987.0
>>> type(number1) 
<class 'float'>
>>> number2 = 1987
>>> type(number2) 
<class 'int'>
>>> number1 == number2
True 


            Although number1 and number2 have different types, comparing them via == returns the truth value True.

            Structurally, numbers and strings have little in common as numbers are single values, while strings combine several letters into a single unit. For this reason, the == operator for the comparison between strings and numbers always returns False, even if the values look "the same" to a human:

            >>> string = "1234"
>>> string == 1234
False 


            Whether the == operator is defined for two particular types depends on the data types themselves.[ 27 ] If it isn’t present, the identity of the instances is used for comparison, which is explained in the following section.

        
        
            7.1.3    Identity

            The identity of an instance serves to distinguish it from all other instances. This can be compared to a person's individual fingerprint as it’s unique for each instance within a program and cannot change. An identity is an integer and can be determined using the id function:

            >>> id(1337) 
134537016
>>> v1 = "Hello World"
>>> id(v1) 
3082572528 


            Identities become important whenever you want to check if an instance is specific and not just one with the same type and value:

            >>> v1 = [1,2,3]
>>> v2 = v1
>>> v3 = [1,2,3]
>>> type(v1) == type(v3) 
True
>>> v1 == v3
True
>>> id(v1) == id(v3) 
False
>>> id(v1) == id(v2) 
True 


            In this example, Python has created two different instances with type list and value [1,2,3], where v1 and v2 reference the same instance. Figure 7.6 illustrates this graphically.

            [image: Three References, Two Instances]

            Figure 7.6    
            Three References, Two Instances

            The comparison on identity equality is so important in Python that a separate operator has been defined for this purpose: is.

            The expression id(reference1) == id(reference2) means the same as reference1 is reference2. Figure 7.7 illustrates this.

            [image: Identity Comparison of Two Instances]

            Figure 7.7    
            Identity Comparison of Two Instances

            The comparison shown in Figure 7.7 yields the truth value False because the identities of the two instances differ.

        
    


                    
                
                        
        7.2    Deleting References

        During a program run, usually a lot of instances are created, but not all of them are needed all the time. Let’s consider the following fictitious program start:

        welcome = "Welcome to the sample program"
print(welcome)
# From this point on the rest of the program would continue 


        It’s easy to see that the instance referenced by welcome is no longer needed after the welcome and thus wastes memory without any purpose during the rest of the program runtime. So what’s preferable here is a way to remove instances on request that are no longer needed.

        Python doesn’t allow programmers to manage the memory directly; it instead does that for them. As a result, we can’t manually delete existing instances but must rely on an automatism called garbage collection.[ 28 ] Nevertheless, there is a way to influence the process.

        Instances that are no longer referenced are classified by Python as no longer needed and released accordingly. So if we want to remove an instance, we only need to delete all associated references. For this purpose, Python provides the del statement. Once it has been deleted, a reference no longer exists, and trying to access it results in a NameError:

        >>> v1 = 1337
>>> v1
1337
>>> del v1
>>> v1
Traceback (most recent call last): 
  File "<stdin>", line 1, in <module>
NameError: name 'v1' is not defined 


        If you want to delete multiple references at once, you can simply separate them using commas:

        >>> v1 = 1337
>>> v2 = 2674
>>> v3 = 4011
>>> del v1, v2, v3
>>> v1
Traceback (most recent call last): 
  File "<stdin>", line 1, in <module>
NameError: name 'v1' is not defined 


        To recognize when no more references exist for an instance, Python internally stores a counter for each instance, the so-called reference count. For newly created instances, the reference count has the value zero. Whenever a new reference to an instance is created, the instance's reference count increases by one, and whenever a reference is deleted, it decreases by one. Thus, the reference count of an instance always indicates the current number of references pointing to the instance. When the reference count of an instance reaches zero, there exists no reference pointing to this specific instance. Because instances are accessible to the programmer only by references, access to such an instance is no longer possible and it can therefore be deleted.

    


                    
                
                        
        7.3    Mutable versus Immutable Data Types

        Perhaps you’ve already come across the following seeming contradiction while trying out what we have just described:

        >>> a = 1
>>> b = 1
>>> id(a) 
9656320
>>> id(b) 
9656320
>>> a is b
True 


        Why do a and b reference the same integer instance, as shown by the identity comparison, even though we explicitly created two instances with the value 1 in the first two lines?

        To answer this question, you need to know that Python fundamentally distinguishes between two types of data types—namely, between mutable and immutable data types. As the names suggest, the difference between the two types is whether or not the value of an instance can change after its creation—that is, whether it is mutable. Instances of a mutable type are capable of taking on other values after they’ve been created, whereas this is not the case with immutable data types.

        However, if the value of an instance can’t change, it also makes no sense to manage several immutable instances of the same value in the memory; in an ideal world, exactly one instance is sufficient, to which all corresponding references point. Now, as you might imagine, integers are such an immutable data type, and Python has made the value 1 refer to the same instance twice for the purpose of optimization. Strings are also immutable.[ 29 ]

        However, there’s no guarantee that there’ll always be exactly one instance of each required value of an immutable data type, although this would theoretically be possible. Each implementation of Python can choose its own variant here.

        Things are different with regard to mutable data types: because Python must expect that the value of such an instance will subsequently change, the system of rereferencing already existing instances whenever possible isn’t useful. So here you can rely on the fact that a new instance is always created.

        This different behavior when dealing with mutable and immutable data types means that the same code can do fundamentally different things for different data types. The following examples are intended to make you aware of the specifics involved.

        First, we introduce the += operator, which can be used to append a string to an existing one:

        >>> a = "water "
>>> a += "bottle"
>>> a
'water bottle' 


        So here, first a string with the value "water" is created, to which the string "bottle" is then appended.

        In the same way, it’s possible to append the elements of a list to an existing list using +=:

        >>> a = [1,2]
>>> a += [3,4]
>>> a
[1, 2, 3, 4] 


        So everything indicates that the operator += does the same for strings and lists. In fact, however, there is a serious difference.

        In the next example, we’ll run the same code twice, once for a string and once for a list:

        >>> a = "water "
>>> b = a
>>> a += "bottle"
>>> a
'water bottle'
>>> b
'water ' 


        Again, we generate a string with the value "water". This time we let the reference b point to this string in addition to the reference a. Then we append the string "bottle" to the string referenced by a again and see in the output that b still references the string "water" while a points to the concatenation "water bottle".

        If we do the same with instances of type list, things look different:

        >>> a = [1,2]
>>> b = a
>>> a += [3,4]
>>> a
[1, 2, 3, 4]
>>> b
[1, 2, 3, 4] 


        This example is similar to the previous example with string instances: the list [1,2] corresponds to the string "water" and the list [3,4] to the string "bottle". Nevertheless, the list referenced by b has changed in this example, which was not the case with the string example.

        To understand this difference, let's take a look at the operations of the two code sequences in detail.

        In Figure 7.8, the sample code for strings and the resulting internal operations are contrasted.

        [image: The += Operator with str Instances]

        Figure 7.8    
            The += Operator with str Instances

        The sticking point can be found in the line a += "bottle". Because str is an immutable data type, it isn’t possible to extend the existing str instance "water" by appending "bottle". Instead, a new str instance with the value "water bottle" is created at this point and then referenced by a. The instance still referenced by b with the value "water" is not affected.

        The list example is different, as you can see in Figure 7.9.

        [image: The += Operator for list Instances]

        Figure 7.9    
            The += Operator for list Instances

        Because list is a mutable data type, the list instance referenced jointly by a and b can be modified. For this reason, the line a += [3,4] doesn’t cause a new list instance to be created but changes the already existing instance. Consequently, a and b continue to reference the same list and thus b is also affected by the manipulation on a.

        This process, in which something is affected by processes in another place, is called a side effect.

        Side effects generally occur exclusively with mutable data types and aren’t restricted to the += operator. They come into play whenever the instance of a mutable data type is modified. For more information on side effects related to lists, see Chapter 12, Section 12.3.6. In Chapter 17, Section 17.10, we’ll describe side effects in function calls.

        As you continue reading this book, you’ll become familiar with an entire range of mutable data types and operations that can be used to modify them. In doing so, you should keep in mind the behavior presented here.

        
            Note

            In this section, we considered the int and str data types as representatives of the immutable data types and list as a representative of the mutable data types. See Chapter 10 for a comprehensive list of Python's built-in data types, along with an indication of their mutability.

        

    


                    
                
                        8    Functions, Methods, and Attributes
In the previous chapters, we provided an example-based introduction to the Python language. This initially involved trying out simple examples in interactive mode and, building on this, writing a first sample program. After that, we discussed control structures, the runtime model, and input/output capabilities, three topics that should enable you to reproduce sample programs early on and experiment with Python yourself.
At this point, two other central topics are covered: passing parameters to functions or methods and dealing with instances. We’ll restrict ourselves here to a generally understandable introduction with just as much detail as you need for the following chapters. A comprehensive discussion of the three topics follows in Chapter 17 and Chapter 19.

        8.1    Parameters of Functions and Methods

        A function is a named subroutine that encapsulates a commonly needed functionality and can be executed via a function call. An example of a function is the max built-in function for determining the largest element of a list:

        >>> max([3,6,2,1,9])
9 


        The list whose largest element is to be determined is a parameter of the max function and is written into the parentheses when the function is called.

        If a function call returns a result, this return value can be used as a normal instance:

        >>> value = max([3,6,2,1,9])
>>> value/2
4.5 


        A method is a function that’s executed in the context of a specific instance. For example, lists have a sort method that sorts the list for which it is called:

        >>> list = [4,6,2,1,8,5,9]
>>> list.sort()
>>> list
[1, 2, 4, 5, 6, 8, 9] 


        The data type of an instance determines which methods are available to it.

        
            Note

            Below we will talk in a little more detail about the different possibilities for function parameters in Python. Note that the literature distinguishes between two terms, which are based on different views of a function call: parameter and argument.

            While the term argument refers to a concrete value passed in a function call, the corresponding placeholder in the function definition is called a parameter.

            It is important to be aware of this slight difference in meaning. However, to improve readability, we have decided against making a strict distinction between these meanings and use the terms parameter and argument almost synonymously in this book.

        

        
            8.1.1    Positional Parameters

            Many methods[ 30 ] need additional information besides the instance that the call references in order to work. For this purpose, so-called parameters are available, which are written, separated by commas, in the brackets at the end of the method call. Both references and literals can be specified as parameters:

            var = 12
reference.method(var, "Hello World!") 


            The definition of a method determines how many and which parameters may be passed to it, which therefore varies from method to method.

            Taken together, a method and the parameters it expects is referred to as an interface. Every time we describe a method in this book, we usually specify the associated interface in the following form:

            method(parameter1, parameter2, parameter3)

            In this case, the method expects three positional parameters named parameter1, parameter2, and parameter3. The term positional means that the instances passed in the method call are assigned to the parameters according to their position in the parameters list. In the case of the method call reference.method(1, 45, -7), parameter1 has the value 1, parameter2 the value 45, and parameter3 the value -7.

        
        
            8.1.2    Keyword Arguments

            You can also pass keyword arguments to a method. Keyword arguments are directly linked to the formal parameter name, and their order in the parameters list no longer matters. To pass a value as a keyword argument, you must assign the value to be passed to the parameter name within the method call using the equal sign. Accordingly, the following two method calls are equivalent:

            reference.method(1, 2, 3)
reference.method(parameter2=2, parameter1=1, parameter3=3)  


            You can also mix positional arguments and keyword arguments, but all keyword arguments must be located at the end of the argument list. Thus, the following call is equivalent to the previous two:

            reference.method(1, parameter3=3, parameter2=2) 


            Only parameter1 was passed as a positional argument, while parameter2 and parameter3 were passed as keyword arguments.

            It’s up to you which of the two transfer methods you want to use. Usually, however, parameters are passed as positional arguments because of the lower effort required for writing them.

        
        
            8.1.3    Optional Parameters

            There are optional parameters available, which must be passed only if needed. When we introduce methods with such parameters, they are indicated by square brackets in the interface description:

            method(parameter1, [parameter2, parameter3])

            In this example, parameter1 is a required parameter, while parameter2 and parameter3 are two optional parameters. So the method can be called in different ways:

            reference.method(1, 2, 3)
reference.method(1, 2)
reference.method(1) 


        
        
            8.1.4    Keyword-Only Parameters

            A function or method can have keyword-only parameters. These are parameters that can only be passed in keyword notation. We’ll indicate these parameters in a function or method interface by curly braces:

            method(parameter1, parameter2, {parameter3})

            Keyword-only parameters can be optional or nonoptional. The method can thus be called as follows:

            reference.method(1, 2, parameter3=3)
reference.method(1, 2) 


        
    


                    
                
                        
        8.2    Attributes

        In addition to methods, instances can also have attributes. An attribute constitutes a named part of the overall instance value. For example, every complex number has the attributes real and imag for accessing its real or imaginary part:

        >>> number = 5 + 6j
>>> number.real
5.0
>>> number.imag
6.0 


        Because an expression of the form reference.attribute is itself a reference, it can be used like any other reference. For example, it can appear as an operand in calculations or be stored in a list:

        >>> number.real*number.real + 5*number.imag
55.0
>>> [1, number.imag, number.real]
[1, 6.0, 5.0] 


        In particular, the instance referenced by reference.attribute may itself have an aaa attribute, which can then be accessed by reference.attribute.aaa. In the same way, accessing a method of the instance via reference.attribute.method(param1, param2) works.

        In the example, the real attribute of a complex number points to a float, which in turn has an is_integer method to check whether it’s an integer:

        >>> number.real.is_integer()
True 


        Here the real part 5.0 of the complex number 5 + 6j was accessed via number.real and then the method is_integer of 5.0 was called.

        In Python programs, such nested attribute and method accesses occur frequently.

    


                    
                        9    Sources of Information on Python
The goal of this book is to provide you with a comprehensive introduction to programming with Python. Unfortunately, the scope of this book is limited, so we’ll have to omit details in some places and refer you to further documentation instead. But in everyday programming, it’s sometimes these details that make the difference.
In this chapter, we’ll briefly describe several sources of information about Python that are pretty useful. These sources are all available in English.

        9.1    The Built-In Help Function

        You can call the built-in help function to start the interactive help function of the Python interpreter. Via help(), introductory text is output, followed by a command prompt. This interactive help is useful if you need to look up terms.

        Terms can include keywords (e.g., for), symbols (e.g., +), modules (e.g., pprint), or topics (e.g., DEBUGGING). A list of possible search terms in these categories can be displayed using the keywords, symbols, modules, and topics commands.

        If a help page was found for a term you entered, it will be displayed in a read mode. Longer texts can be scrolled. This works on Linux with the (Up) and (Down) arrow keys and on Windows with the (Space) bar. The (Q) key takes you back from the read mode to the interactive mode, which you can exit using the quit() command or the (Ctrl)+(D) shortcut.

        Python's interactive help is particularly useful for quickly finding answers to interface-related questions, such as, "What functions were included in the copy module again?" or "What was the default value of the indent parameter of the pprint.pprint function again?"

        Instead of starting the interactive shell of the help function, an instance such as a module or a function can also be passed to the help function. Then the corresponding help page is displayed in read mode:

        >>> import pprint
>>> help(pprint.pprint)
Help on function pprint in module pprint:

pprint(object, stream=None, indent=1, width=80, depth=None, *, compact=False)
    Pretty-print a Python object to a stream [default is sys.stdout]. 


        Alternatively, a string can be passed that contains the search term:

        >>> import copy
>>> help("copy.copy")
Help on function copy in copy:

copy.copy = copy(x)
    Shallow copy operation on arbitrary Python objects.
 
    See the module's __doc__ string for more info. 


    


                    
                        
        9.2    The Online Documentation

        The texts displayed by Python's interactive help function are excerpts from the extensive online documentation. The latest version can be found at https://docs.python.org. There, you can switch to the documentation of an older Python version via a selection list in the upper-left-hand corner.

        The online documentation is a great help for both beginners and experienced Python developers. It’s worth looking up the topics covered in this book again in the documentation if you’re interested because modules often provide a wealth of detailed functions that can’t be described comprehensively here.

    


                    
                        
        9.3    PEPs

        The development processes for the Python language and the CPython reference interpreter are based on so-called Python Enhancement Proposals (PEPs). These are short elaborations that identify a problem in the language or interpreter, summarize possible solutions and the discussion about them, and finally propose a solution. These PEPs are the basis for discussion among Python developers for possible innovations in future versions. PEPs can be accepted or rejected after discussion has taken place, with accepted PEPs then being implemented in a future version of Python.

        Check out https://www.python.org/dev/peps for a list of all PEPs that have been proposed to this date. Especially if you have detailed questions about why a function was implemented in Python in a certain way, it makes sense to read through the associated PEP. It should be noted, however, that a PEP can sometimes be very technical and may be difficult to understand even for experienced Python developers.

        PEP 435 is an example of an accepted and implemented PEP. It describes the Enum data type, which has been included in the language since Python 3.4.

        
            Note

            Rather interesting are PEPs 8 and 257, which describe conventions for formatting Python code and docstrings.[ 31 ] Although these PEPs are by no means binding, they are very popular in the community. It’s therefore worth taking a look at them.

        

    


                    
                
                        Part II
Data Types
In Part I of this book, you learned about and used some basic data types, such as integers, strings, and lists. As you probably already guessed, there is much more to learn about data types in Python beyond the introductory examples introduced in Part I. The second part of this book contains a comprehensive discussion of the basic data types defined in Python.



                    
                        10    Basic Data Types: An Overview
In Chapter 7, Section 7.1.1, we dealt with the notion of a data type as a blueprint for an instance. A data type thus specifies which values an instance can have. The data type of an instance can be identified via the built-in type function:
>>> x = "Hello"
>>> type(x)
<class 'str'> 

In this chapter, we want to address some basic aspects of the topic of data types before we explore the central data types of Python one by one. We have already learned about many of the basic data types in Chapter 3 and tested them in practice.
From Chapter 7, Section 7.3, you also already know the basic concept of the mutability of instances. Instances of some data types, so-called mutable data types, can be modified. For other data types, referred to as immutable data types, new instances must be created when they’re changed. See Table 10.1 for an overview of the built-in data types in Python, along with a note on their mutability.
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Table 10.1    
            Overview of the Data Types in Python
Beyond the data types listed in Table 10.1, this part of the book also describes other data types that can be imported via modules of the standard library.

        10.1    Nothingness: NoneType

        Let's start our journey through data types in Python with the simplest data type of all: the nothing. The corresponding basic data type is called NoneType. Of course, the question arises of why a data type is needed that is only there to represent nothing. Well, it's actually only logical. Let’s imagine the following situation: You implement a method where any real number is a possible outcome. However, in some cases, the calculation may not be feasible. What value should be returned as the result? Correct: nothing.

        There’s only one instance of nothingness—namely, None. This is a constant you can use at any time in the source code:

        >>> ref = None
>>> ref
>>> print(ref)
None 


        In the example, a reference named ref was created to None. In the second line, we notice that None actually corresponds to nothing: we try to output ref from the interpreter and actually get no result. To be able to output the value on the screen anyway, we have to use the print function.

        It’s already been mentioned that None is the only instance of nothingness. We can take advantage of this feature to check whether a reference points to None or not:

        >>> if ref is None: 
...     print("ref is None")
ref is None 


        The keyword is is used to check whether the instance referenced by ref is identical to None. This way of testing a value for None can be executed faster by the interpreter than the value-based comparison via the == operator, which is of course also possible. Note that these two operations are only superficially equivalent: With == two values and with is two identities are checked for equality.[ 32 ]

    


                    
                
                        
        10.2    Operators

        You know the term operator from math, where it denotes a formula character that stands for a certain arithmetic operation. In Python, for example, you can use operators to combine two numeric values into an arithmetic expression:

        >>> 1 + 2
3 


        The values to which an operator is applied—in this case, 1 and 2—are called operands. There are also operators for other data types. For example, + can be used to join two strings:

        >>> "A" + "B"
'AB' 


        So in Python, the meaning of an operator depends on which data type it is applied to. 

        
            10.2.1    Operator Precedence

            We’ll limit ourselves in this section to the operators +, -, *, and <, which are sufficient to explain the underlying principle. In the following examples, the three references a, b, and c occur again and again, and they are not created in the examples themselves. To run the examples, of course, the references must exist and reference, for example, an integer each.

            Consider the following expressions:

            (a * b) + c
a * (b + c) 


            Both are unambiguous in their meaning as the parentheses indicate which part of the expression is to be evaluated first. Let's write the preceding expression once without parentheses:

            a * b + c 


            Now it’s no longer obvious which part of the expression should be evaluated first. A regulation is essential here, because depending on the evaluation sequence, different results can occur:

            (2 * 3) + 4 = 10
2 * (3 + 4) = 14 


            To solve this problem, operators in Python, as in math, have a precedence, which is defined in such a way that * takes precedence over +. Table 10.2 shows the operator precedence for the operators defined in Python. In addition, the table provides a description of the usual meaning of an operator. Operators that are higher up in the table bind more strongly than operators located further down toward the bottom of the table. Operators that are in the same cell have an equally strong binding.

            
                Note

                Table 10.2 covers only a subset of the syntax elements that can be contained in a valid expression. The appendix of this book specifies the complete ranking of syntax elements in a valid expression.
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                            Bitwise nonexclusive OR between x and y

                        
                    

                    
                        	
                            x < y
x <= y
x > y
x >= y
x != y
x == y
x is y
x is not y
x in y
x not in y

                        
                        	
                            Is x smaller than y?

                            Is x less than or equal to y?

                            Is x greater than y?

                            Is x greater than or equal to y?

                            Is x unequal to y?

                            Is x equal to y?

                            Are x and y identical?

                            Are x and y not identical?

                            Is x located in y?

                            Is x not located in y?

                        
                    

                    
                        	
                            not x

                        
                        	
                            Logical negation

                        
                    

                    
                        	
                            x and y

                        
                        	
                            Logical AND

                        
                    

                    
                        	
                            x or y

                        
                        	
                            Logical OR

                        
                    

                
            

            Table 10.2    
            Operator Precedence

        
        
            10.2.2    Evaluation Order

            The operator precedence ensures the evaluation of an expression consisting of operators of different bindability. But what happens if the same operator appears several times in the expression? In that case, there can then no longer be any difference in the bindability. Let’s consider the following expressions in this context:

            a + b + c
a - b - c 


            In both cases, the evaluation order is not unambiguously clarified either by parentheses or by the operator precedence. You can see that this is not a problem for the evaluation of the first expression, but at least for the second expression a regulation is necessary, because depending on the evaluation order two different results are possible. In such a case, Python has the rule that expressions or subexpressions consisting only of operators with the same bindability are evaluated from left to right:

            a + b + c == ((a + b) + c)
a - b – c == ((a – b) – c) 


        
        
            10.2.3    Concatenating Comparisons

            With a few exceptions,[ 33 ] we’ve so far only described operators that return a value of the operand type as a result. Thus, the result of an addition of two integers is always an integer. However, this is not the case for every operator. You already know the comparison operators, which, regardless of the data type of the operands, result in a truth value:

            >>> 1 < 2.5
True 


            Think about the evaluation order of this expression:

            a < b < c 


            Theoretically it’s possible, and it’s done this way in some programming languages, to proceed according to the schema discussed previously: the concatenated comparisons should be evaluated from left to right. In this case, a < b would be evaluated first, yielding True, for example. The next comparison would be True < c. Although such a form of evaluation is possible, it has no practical use—because what exactly is True < c supposed to mean?

            In Python, certain operators are handled in a special way. The expression a < b < c is evaluated to be equivalent to the following:

            a < b and b < c 


            This corresponds to the mathematical view because the expression actually means: "Is b between a and c?" This descriptive rule is applied in a similar way for more complex expressions. For example, the expression a < b <= c != d > e is evaluated as follows:

            a < b and b <= c and c != d and d > e 


            This behavior applies to the following operators: <, <=, >, >=, ==, !=, is, is not, in, and not in.

        
    


                    
                
                        11    Numeric Data Types
In this chapter, we’ll describe numeric data types, the first major group of data types in Python. Table 11.1 lists all the data types belonging to this group and describes their purpose.

        
            
                	
                    Data Type

                
                	
                    Description

                
                	
                    Mutability*

                
                	
                    Section

                
            

        
        
            
                	
                    int

                
                	
                    Integers

                
                	
                    Immutable

                
                	
                    Section 11.4

                
            

            
                	
                    float

                
                	
                    Floats

                
                	
                    Immutable

                
                	
                    Section 11.5

                
            

            
                	
                    bool

                
                	
                    Boolean values

                
                	
                    Immutable

                
                	
                    Section 11.6

                
            

            
                	
                    complex

                
                	
                    Complex numbers

                
                	
                    Immutable

                
                	
                    Section 11.7

                
            

            
                	
                    * All numeric data types are immutable. This doesn’t mean that there are no operators that change numbers, but rather that a new instance of the respective data type must be created after each change. So from the programmer's perspective, there is hardly any difference at first. For more details on the difference between mutable and immutable data types, see Chapter 7, Section 7.3.

                
            

        
    
Table 11.1    
            Numeric Data Types
The numeric data types form a group because they’re related thematically. This relatedness is also reflected in the fact that the numeric data types have many operators in common. In the following sections, we’ll cover these common operators, and then we’ll discuss the int, float, bool, and complex numeric data types in detail.

        11.1    Arithmetic Operators

        An arithmetic operator is considered an operator that performs an arithmetic calculation—for example, addition or multiplication. For all numeric data types, the arithmetic operators listed in Table 11.2 are defined.

        
            
                
                    	
                        Operator

                    
                    	
                        Result

                    
                

            
            
                
                    	
                        x + y

                    
                    	
                        Sum of x and y

                    
                

                
                    	
                        x - y

                    
                    	
                        Difference of x and y

                    
                

                
                    	
                        x * y

                    
                    	
                        Product of x and y

                    
                

                
                    	
                        x / y

                    
                    	
                        Quotient of x and y

                    
                

                
                    	
                        x % y

                    
                    	
                        Remainder when dividing x by y*

                    
                

                
                    	
                        +x

                    
                    	
                        Positive sign

                    
                

                
                    	
                        -x

                    
                    	
                        Negative sign

                    
                

                
                    	
                        x ** y

                    
                    	
                        x to the power of y

                    
                

                
                    	
                        x // y

                    
                    	
                        Rounded quotient of x and y*

                    
                

                
                    	
                        * The % and // operators have no mathematical meaning for complex numbers and are therefore not defined for the complex data type.

                    
                

            
        

        Table 11.2    
            Common Operators of Numeric Data Types

        
            Note

            Two notes for readers who are already familiar with C or a related programming language: 

            First, there are no equivalents in Python for the increment and decrement operators, ++ and --, from C.

            Second, the % and // operators can be described as follows:

            
                	
                    x // y = round(x / y)

                

                	
                    x % y = x - y * round(x / y)

                

            

            Python always rounds down, while C rounds up to zero. This difference occurs only if the operands have opposite signs.

        

        Augmented Assignments

        Besides these basic operators, there are a number of additional operators in Python. Often, for example, you want to calculate the total of x and y and store the result in x—that is, increase x by y. This requires the following statement with the operators shown previously:

        x = x + y 


        For such cases, Python provides so-called augmented assignments, which can be regarded as an abbreviated form of the preceding statement. An overview of augmented assignments in Python in presented in Table 11.3.

        
            
                
                    	
                        Operator

                    
                    	
                        Equivalent

                    
                

            
            
                
                    	
                        x += y

                    
                    	
                        x = x + y

                    
                

                
                    	
                        x -= y

                    
                    	
                        x = x - y

                    
                

                
                    	
                        x *= y

                    
                    	
                        x = x * y

                    
                

                
                    	
                        x /= y

                    
                    	
                        x = x / y

                    
                

                
                    	
                        x %= y

                    
                    	
                        x = x % y

                    
                

                
                    	
                        x **= y

                    
                    	
                        x = x ** y

                    
                

                
                    	
                        x //= y

                    
                    	
                        x = x // y

                    
                

            
        

        Table 11.3    
            Common Operators of Numeric Data Types

        It’s important to note that you can use any arithmetic expression for y here, while x must be an expression that could also be used as the target of a normal assignment such as a symbolic name or an item of a list or dictionary.

    


                    
                
                        
        11.2    Comparison Operators

        A comparison operator is an operator that computes a truth value from two instances. Table 11.4 lists the comparison operators defined for numeric data types.

        
            
                
                    	
                        Operator

                    
                    	
                        Result

                    
                

            
            
                
                    	
                        x == y

                    
                    	
                        True if x and y are equal

                    
                

                
                    	
                        x != y

                    
                    	
                        True if x and y are different

                    
                

                
                    	
                        x < y

                    
                    	
                        True if x is less than y*

                    
                

                
                    	
                        x <= y

                    
                    	
                        True if x is less than or equal to y*

                    
                

                
                    	
                        x > y

                    
                    	
                        True if x is greater than y*

                    
                

                
                    	
                        x >= y

                    
                    	
                        True if x is greater than or equal to y*

                    
                

                
                    	
                        * Because complex numbers can’t be arranged in a meaningful way, the complex data type only allows for using the first two operators.

                    
                

            
        

        Table 11.4    
            Common Operators of Numeric Data Types

        Each of these comparison operators returns a truth value as a result. Such a value is expected, for example, as a condition of an if statement. So the operators could be used as follows:

        if x < 4: 
    print("x is less than 4") 


        You can concatenate as many of the comparison operators as you like into a series. Strictly speaking, the preceding example is only a special case of this rule, as it has only two operands. The meaning of such a concatenation corresponds to the mathematical view and can be seen in the following example:

        if 2 < x < 4: 
    print("x is between 2 and 4") 


        We’ll describe Boolean values in more detail in Section 11.6.

    


                    
                
                        
        11.3    Conversion between Numeric Data Types

        Numeric data types can be converted into each other using the int, float, bool, and complex built-in functions. Note that in the process, information can be lost depending on the transformation. As an example, let's consider some conversions in interactive mode:

        >>> float(33) 
33.0
>>> int(33.5) 
33
>>> bool(12) 
True
>>> complex(True) 
(1+0j) 


        Instead of a concrete literal, a reference can also be used or a reference can be linked to the resulting value:

        >>> var1 = 12.5
>>> int(var1) 
12
>>> var2 = int(40.25) 
>>> var2
40 


        
            Note

            The complex data type assumes a special role in the conversions presented here as it can’t be reduced to a single numerical value in a meaningful way. For this reason, a conversion such as int(1+2j) fails.

        

        So much for the general introduction to numeric data types. The following sections will cover each data type in this group in more detail.

    


                    
                        
        11.4    Integers: int

        For working with integers, there is the data type int in Python. Unlike many other programming languages, this data type is not subject to any principal limits in its value range, which makes dealing with large integers in Python very convenient.[ 34 ]

        We've already done a lot of work with integers, so using int doesn't really need any more demonstration. Nevertheless, for the sake of completeness, here is a small example:

        >>> i = 1234
>>> i
1234
>>> p = int(5678)
>>> p
5678 


        Since the release of Python 3.6, an underscore can be used to group the digits of a literal:

        >>> 1_000_000
1000000
>>> 1_0_0
100 


        Grouping doesn’t change the numerical value of the literal, but it serves to increase the readability of numerical literals. Whether and how you group the digits is up to you.

        
            11.4.1    Numeral Systems

            Integers can be written in Python in multiple numeral systems:[ 35 ]

            
                	
                    Numbers written without a special prefix, as in the previous example, are interpreted in the decimal system (base 10). Note that such a number must not be preceded by leading zeros:

                    v_dez = 1337 


                

                	
                    The prefix 0o ("zero-o") indicates a number written in the octal system (base 8). Note that only digits from 0 to 7 are allowed here:

                    v_oct = 0o2471 


                    The lowercase o in the prefix can also be replaced with a capital O. However, we recommend that you always use a lowercase o because the uppercase O is almost indistinguishable from the zero in many fonts.

                

                	
                    The next and far more common variant is the hexadecimal system (base 16), which is identified by the prefix 0x or 0X (“zero-x”). The number itself may be formed from the digits 0–9 and the letters A–F or a–f:

                    v_hex = 0x5A3F 


                

                	
                    In addition to the hexadecimal system, the dual system, also referred to as binary system (base 2), is of decisive importance in computer science. Numbers in the dual system are introduced by the prefix 0b, similar to the preceding literals:

                    v_bin = 0b1101 


                    In the dual system, only the digits 0 and 1 may be used.

                

            

            However, you may not want to limit yourself to these four numeral systems explicitly supported by Python; you may want to use a more exotic one. Of course, Python doesn’t have a separate literal for every possible numeral system. Instead, you can use the following notation:

            v_6 = int("54425", 6) 


            This is an alternative method of creating an instance of the int data type and providing it with an initial value. For this purpose, a string containing the desired initial value in the selected numeral system and the base of this numeral system as an integer are written in the brackets. Both values must be separated by a comma. In the example, a base 6 system was used.

            Python supports numeral systems with a base from 2 to 36. If a numeral system requires more than 10 different digits to represent a number, the letters A to Z of the English alphabet are used in addition to the digits 0 to 9.

            The v_6 variable now has the value 7505 in the decimal system.

            For all numeral system literals, the use of a negative sign is possible:

            >>> -1234
-1234
>>> -0o777
-511
>>> -0xFF
-255
>>> -0b1010101
-85 


            Note that the numeral systems are only alternate notations of the same values. The int data type, for example, doesn’t switch to a kind of hexadecimal mode as soon as it contains such a value; the numeral system is only of importance for assignments or outputs. By default, all numbers are output in the decimal system:

            >>> v1 = 0xFF
>>> v2 = 0o777
>>> v1
255
>>> v2
511 


            We’ll return to how numbers can be output in other numeral systems later, in Chapter 12, Section 12.5.3 in the context of strings.

        
        
            11.4.2    Bit Operations

            As already mentioned, the dual system or binary system is of great importance in computer science. For the int data type, some additional operators are therefore defined that explicitly refer to the binary representation of the number. Table 11.5 summarizes these bit operators.

            
                
                    
                        	
                            Operator

                        
                        	
                            Augmented Assignment 

                        
                        	
                            Result

                        
                    

                
                
                    
                        	
                            x & y

                        
                        	
                            x &= y

                        
                        	
                            Bitwise AND of x and y (AND)

                        
                    

                    
                        	
                            x | y

                        
                        	
                            x |= y

                        
                        	
                            Bitwise nonexclusive OR of x and y (OR)

                        
                    

                    
                        	
                            x ^ y

                        
                        	
                            x ^= y

                        
                        	
                            Bitwise exclusive OR of x and y (XOR)

                        
                    

                    
                        	
                            ~x

                        
                        	
                        	
                            Bitwise complement of x

                        
                    

                    
                        	
                            x << n

                        
                        	
                            x <<= n

                        
                        	
                            Bit shift by n places to the left

                        
                    

                    
                        	
                            x >> n

                        
                        	
                            x >>= n

                        
                        	
                            Bit shift by n places to the right

                        
                    

                
            

            Table 11.5    
            Bit Operators of the int Data Type

            Because it may not be immediately clear what the individual operations do, we’ll describe them in detail ahead.

            
                Bitwise AND

                The bitwise AND of two numbers is formed by linking both numbers in their binary representation bit by bit. The resulting number has a 1 in its binary representation exactly where both of the respective bits of the operands are 1, and a 0 in all other places. Figure 11.1 illustrates this.

                [image: Bitwise AND]

                Figure 11.1    
            Bitwise AND

                Let’s now try out in the interactive mode of Python whether the bitwise AND with the operands selected in the graphic actually returns the expected result:

                >>> 107 & 25
9
>>> 0b1101011 & 0b11001
9
>>> bin(0b1101011 & 0b11001)
'0b1001' 


                In the example we use the built-in function bin (see Chapter 17, Section 17.14.5) to represent the result of the bitwise AND in the binary system.

            
            
                Bitwise OR

                The bitwise OR of two numbers is formed by comparing both numbers in their binary representation bit by bit. The resulting number has a 1 in its binary representation exactly where at least one of the respective bits of the operands is 1. Figure 11.2 illustrates this.

                [image: Bitwise Nonexclusive OR]

                Figure 11.2    
            Bitwise Nonexclusive OR

                We’ll now try out in the interactive mode of Python whether the bitwise OR with the operands selected in the graphic actually returns the expected result:

                >>> 107 | 25
123
>>> 0b1101011 | 0b11001
123
>>> bin(0b1101011 | 0b11001)
'0b1111011' 


                In the example we use the built-in function bin (see Chapter 17, Section 17.14.5) to represent the result of the bitwise OR in the binary system.

            
            
                Bitwise Exclusive OR

                The bitwise exclusive OR (also exclusive OR) of two numbers is formed by comparing both numbers in their binary representation bit by bit. The resulting number has a 1 in its binary representation exactly where the respective bits of the operands differ from each other, and a 0 where they are the same. This is shown in Figure 11.3.

                [image: Bitwise Exclusive OR]

                Figure 11.3    
            Bitwise Exclusive OR

                In the next step, we’ll try out in the interactive mode of Python whether the bitwise exclusive OR with the operands selected in the graphic actually returns the expected result:

                >>> 107 ^ 25
114
>>> 0b1101011 ^ 0b11001
114
>>> bin(0b1101011 ^ 0b11001)
'0b1110010' 


                In the example we use the built-in function bin (see Chapter 17, Section 17.14.5) to represent the result of the bitwise exclusive OR in the binary system.

            
            
                Bitwise Complement

                The bitwise complement forms the so-called one’s complement of a dual number, which corresponds to the negation of all occurring bits. In Python, this isn’t possible at the bit level because an integer is unlimited in length and the complement must always be formed in a closed number space. For this reason, the actual bit operation becomes an arithmetic operation and is defined as follows:[ 36 ]

                ~x = –x – 1

                In the interactive mode, the functionality of the bitwise complement can be tested experimentally:

                >>> ~9
–10
>>> ~0b1001
-10
>>> bin(~0b1001)
'-0b1010' 
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