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How to Use This Book

Who This Book Is For

This book is for the reader who has never used this
particular technology or software application. It is

© Icons and Buttons
Icons and buttons show you exactly what you need to
click to perform a step.

also for readers who want to expand their knowledge. 0 Tips

The Conventions in This Book

@ Steps

This book uses a step-by-step format to guide you

easily through each task. Numbered steps are

actions you must do; bulleted steps clarify a point,
step, or optional feature; and indented steps give

you the result.

© Notes

Notes give additional information — special

conditions that may occur during an operation, a

Tips offer additional information, including warnings
and shortcuts.

Q Bold

Bold type shows command names, options, and text
or numbers you must type.

@ 1talics

Italic type introduces and defines a new term.

situation that you want to avoid, or a cross-reference

to a related area of the book.

Add Comments to Your Code

running without removing them from the script.

Add Comments to Your Code ‘

dding comments to your code can help you develop functional code more quickly and can help

others understand, maintain, and extend your code. While writing code, add comments freely
describing the code’s tasks and your current approach. Revise the comments as you progress and
change your code. Once the code is working, clean up the comments, removing any development-

related comments and adding any further explanation that is needed or might be helpful.
You can also use the comment character, #, to comment autl@ to prevent them from

Open Visual Studio Code, create a new script, T
and save it under a name of your choice. .

@ Type the following statement, which creates a
comment, and then press (F0J:

# prompt the user for their name

© Visual Studio Code displays the comment text in
green to make it easy to see in your scripts.
© Type the following statement, which creates a
variable named u and assigns to it the result of
the input () function, prompting the user for
their name. Press

u = input("Type your name: ")

@ Visual Studio Code uncomments line 2.
&Nnte: On the Mac, press 3 +(0.

© Type the following comment, and then
press ET:
# display the name entered

@ Type the following statement, which uses the
princ () function to display a message that
includes the contents of u. Press (7).

print ("You are " + u + ".")
(@ Click Run Python File in Terminal (p@
The Terminal pane opens.
@ Click in the Terminal pane.
© Type a name, and then press (100,
© Python displays the message.

CHAPTER

Writing and Running Your First Python Code

Comment Out a Statement and >
Uncomment It Again
@) Click at the beginning of line 2, and then type

# and a space so the line reads like this:

# u = input("Type your name: ")

@ Visual Studio Code displays the line in green,
because it is now a comment.

@ Click at the end of line 2, and then
press (170
Visual Studio Code creates a new line.

© Type the following statement, which creates a
variable named u and assigns the value Ivy to it.

u = Ivyr

@ still on the same line, type a comment so the [+ — CEE
line reads like this: et + [ S

u = "Ivy" # default name for tes E:
© Click Run Python File in Yerminal{¢ -
@ The message appears, showing the default name. e

@ Click in line 2 and press (70 + .

@ Click in line 3 and press (LD + (.

Visual Studio Code comments out line 3.

Why does Visual Studio Code automatically enter # at the start of a | What happens if I use two #
new line after a comment? characters at the start of a
Visual Studio Code automatically enters the # character when you press comment?

(0770 with the insertion point inside a comment, breaking it to the next The first # character tells Python 4
line. If this happens when the insertion point is apparently at the end of a | the rest of the line is a comment,

comment line, chances are that there is a space to the right of the insertion | so the second # character
point that is causing Visual Studio Code to continue the comment. becomes part of the comment.
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CHAPTER 1

Getting Ready
to Work with
Python

In this chapter, you learn what Python is and get ready to work with it.
You choose the version of Python that suits your needs and then install
that version if your computer does not already have it. You also install and
configure your main tool for working with Python, a powerful code editor/
integrated development environment called Visual Studio Code.

P Welcome to Python.org

€ - C @ pythonorg

Python

e python’ .

About Downloads Documentation Community Success Stories News Events

! Intuitive Interpretation
Calculations are simple with Python, and expression

0.5
syntax is straightforward: the operators +, -, * and

work as expected; parentheses | | can be used for
8
grouping. More about simple math functions in

5. 666666666666667

Python is a programming language that lets you work quickly
and integrate systems more effectively. »> Learn More
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Understanding What Python Is and Does

Python is a programming language that is used both widely and for many different purposes.
Python enables you to write applications that work on many different computing platforms,
including Microsoft Windows, Apple’s macOS, and Linux. Python is especially useful for automating
routine tasks, thus enabling yourself and your colleagues to get more work done in less time.

A Dutch programmer named Guido van Rossum began work on Python in the late 1980s, eventually
releasing the first version as Python 0.9.0 in 1991. Since 2001, Python has been run by a U.S.-based
nonprofit organization called the Python Software Foundation.

Understanding What Python Is

A programming language is a type of computer language that is used to implement algorithms, which are
instructions for performing particular actions — in other words, to make the computer do what the
programmer wants it to do.

Python is a general-purpose programming language rather than a domain-specific programming language.
As you might guess, a general-purpose programming language is a programming language designed for
general programming use rather than for use in a specific area of computing. By contrast, a domain-specific
programming language is a programming language designed for use in a specific area of computing. For
example, Wolfram Mathematica is a programming language designed for symbolic mathematics; it is not
designed for, and is not suitable for, general programming use, so it is domain specific.

Understanding Cross-Platform Programming

Python enables you to write applications that work on many different computing platforms. A computing
platform means the hardware and operating system that together constitute a functional computer.

This book covers three widely used computing platforms:

¢ PC hardware running Microsoft's Windows operating system. This book uses Windows 10 and
Windows 11 for examples.

e Apple Macintosh hardware running Apple’s macOS operating system. This book uses macOS version
12, also known as macOS Monterey, for examples.

e PC hardware running the Linux operating system. Linux comes in many different versions, called
distributions. This book uses the popular Ubuntu distribution for Linux examples.

Python fully supports the Windows, Mac, and Linux platforms, but it also supports many other platforms.
These platforms range from those for personal devices, such as Apple’s i0S operating system and iPhones,
all the way up to “big-iron” platforms for minicomputers and mainframes, such as IBM’s AIX and HP's
HP-UX. Python versions for some platforms come from third-party vendors.
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Understanding Who Uses Python

Many different types of programmers use Python. Here are two examples:

® Web developers use Python to create web services that provide custom information in response to
requests they receive. For example, when you visit a web forum, Python may be generating some or all
parts of the page that the server sends to your browser.

e Scientists, mathematicians, and engineers across many fields use Python to perform data analysis,
because Python provides powerful and convenient tools for processing and applying complex equations

to statistical data.

Know Where You Can Get Python

You can download Python for free from
the Python Software Foundation’s
website, www.python.org. However, you
may not need to download Python,
because it may already be installed on
your computer.

Windows typically does not include
Python; see the section “Install Python
on Windows,” later in this chapter, for
instructions on installing Python.

macOS includes Python 2. See the
section “Install Python on the Mac,”
later in this chapter, for instructions on
seeing which version a Mac contains and
updating Python if necessary.

) Dounload Python [Pythonorg X |

& C @ pythonorg/downloads/ CR Pop-upblocked % & & !

Python

e python . I

About Downloads Documentation Community Success Stories News

Allreleases 7
Download Download for Windows
Source code
Python 3.9.6
Download Pythc Widows A

Note that Python 3.9+ cannot be used on Windows 7 or
mac0Ss earlier.

Not the 0S you are looking for? Python can be used on

many operating systems and environments.

Laoking for Pytho
Othei

| Other Platforms
. View the full list of downloads
o icense

Alternative Implementations

(-]

Events

Active Python Releases

For more information visit the Python Developer's Guide.

Many Linux distributions include one or more versions of Python. As of this writing, more distributions
include Python 2 than include Python 3, but some distributions include both versions; see the following
section, “Choose the Right Version of Python.” See the section “Install Python on Linux If Necessary,” later
in this chapter, for instructions on checking the version and updating if necessary.

To find versions of Python for i0S or iPad0S, open the App Store app on the iPhone or iPad and search for
python. Pythonista is a popular app, but there are plenty of other choices. Similarly, to find versions of
Python for Android, open the Play Store app on your Android device and search for python.
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Choose the Right Version of Python

s of this writing, two major versions of Python are in use: Python 2 and Python 3. Before you

download and install Python on your computer, you should determine which version of Python
will be best for your needs. This will most likely be Python 3, because Python 2 is out of date and
the Python Software Foundation no longer supports it.

This section explains what you need to know about Python 2 and Python 3. It also explains the two
types of Python builds that are available — stable builds and development builds — and advises you
which build type to get.

Understanding Python 2 and Python 3

Two major versions of Python are currently in wide use: Python 2, released in 2000, and Python 3, released
in 2008.

Each version uses a sequence-based numbering scheme for intermediate releases. For example, “Python
2.7.1” means Python 2, the seventh minor version, and the first update to that minor version. Similarly,
“Python 3.10.0” means Python 3, the tenth minor version, and the initial release of that minor version.

The Python Software Foundation officially discontinued, or “sunset,” Python 2 on January 1, 2020.
Sunsetting means that the Python Software Foundation will not develop Python 2 any further, even if
researchers discover serious security issues in it. Because Python 2 has been sunset, the Python Software
Foundation recommends that all users upgrade to Python 3 as soon as possible. The final version of Python
2 was 2.7.18.

With most software, such as business productivity apps or multimedia apps, upgrading to a newer version is
a straightforward and painless procedure: You upgrade to the new version, and everything still works, even
if the user interface has changed and the new version of the app provides extra features.

Python 3 offers compelling new features that Python 2 does not have; even better, Python 3 typically runs
faster than Python 2. However, Python 3 is not fully compatible with Python 2, and some Python 2 code
may not run successfully in Python 3. This is why many companies and organizations still have not upgraded
from Python 2 to Python 3. The more Python 2 code a company or organization has built up, the more time,
effort, and expense it will take to upgrade to Python 3.

Which Version of Python Do You Need?

You almost certainly need Python 3 unless your workplace uses Python 2 and is not migrating to Python 3.
For example, your employer may have developed substantial amounts of Python 2 code that is not fully
compatible with Python 3 and may therefore be sticking with Python 2.
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If you are planning to start developing code from scratch, you should definitely choose Python 3 rather
than Python 2.

You can install both Python 2 and Python 3 alongside each other and use each version when you need it.

macOS and many Linux distributions include Python 2 because they require Python 2 to run some software
packages included with the operating system or distribution. Because of this requirement, you should not
uninstall Python 2, even if you do not need it. Instead, simply leave Python 2 alone, install Python 3, and
use Python 3 for development.

Windows does not need Python 2, so normally, you should install Python 2 on Windows only if you need it.

What Are the Two Build Types of Python?
Python.org makes available two types of builds of Python, stable builds and development builds:

Stable build. A stable build is a build that has been fully tested and approved for distribution.

Development build. A development build is an experimental build used for testing and compatibility.
Development testers provide feedback on changes and new features before they are finalized and added to
stable builds.

You may also see Python builds described as “release candidates.” A release candidate is a near-final
development build made available — usually to a wide audience — for final testing. A release candidate is
stable in theory but not always so in practice.

Which Build Type Should You Get?

You will almost always want to get a stable build of Python rather than a development build. Normally, you
will want to get the latest stable build of Python so that you have access to the latest features. However, if
your company, organization, or school is using an older stable build of Python, it will likely want you to use
that build for compatibility.

When Will Python 4 Be Released?

The Python Software Foundation has not announced a release date for Python 4. In fact, Guido van Rossum
has cast doubt on whether there will ever be Python 4, given how difficult and protracted the move from
Python 2 to Python 3 turned out to be. Instead, the Python Software Foundation is continuing to develop
Python 3.

As of this writing, the current stable version of Python is 3.10.4. Future versions of Python 3 are likely to
use numbering such as 3.11.x, 3.12.x, and so on.




Install Python on Windows

Windows has no version of Python installed by default, so you will need to install Python unless
you have already installed it or an administrator has installed it for you.

You can install Python either by using the Microsoft Store app or by downloading and running the
Python installer from the Python Software Foundation. Microsoft recommends using the Microsoft
Store app, but we recommend downloading the Python installer, because this enables you to make
the latest version of Python available to the Visual Studio Code editor app, which you will meet later
in this chapter.

Download and Install Python on PE——— o B "
WindOWS < C & pythonorg 1 T R &
Python

0 Open a browser window and go to the
Python Software Foundation website, - pgthOﬂ o BRI -
www.python.org.
About  Downloads 2 ientation Community  SuccessStories  News  Events
e Hold the pointer over Downloads. Aieteases _—
Download for Windows
. Source code
@ A pop-up window appears. wmm@ brensos
Note that Python 3.9+ cannot be used on Windows 7 or
© The web page selects the Windows tab, vk v
. . Other Platforms. T eRR
because it detects your computer is e I ki e
running Windows. e e o
e CI.]Ck the Python bUttOl'] under the Python i;.a prog{'amming lang‘uageAtAh‘at lets you work quickly
. . and integrate systems more effectively. »> Learn More
Download for Windows heading.

This button shows the Python version,
such as Python 3.10.0 in the example.

The browser downloads the file.

Python

e python’ .

e Open the downloaded file from the About  Downloads  Documentation ~ Community  SuccessStories  News  Events
browser. For example, in Chrome, click
Actions (.~ changes to %) to open the
pop-up menu, and then click Open to
open the file.

Note: In Microsoft Edge, click Downloads () . >
to display the Downloads panel, locate the
Python file you downloaded, and then click
Open file beneath its name.

ng language that lets you work quickly

% python-3.100-sm..exe | ™ 4 Showall | X
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The Python Setup Wizard opens and
displays the Install Python screen.

Select Install launcher for all users
to install the Python launcher for all users
of this computer. This is usually helpful.

Note: If an earlier version of Python is
installed on the PC, the Upgrade Now button
appears. See the subsection “Upgrade Python
on Windows,” later in this section.

G Select Add Python to PATH (@) to add
the location of the Python executable file
to your Windows PATH statement. Doing
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5 Python 3.10.0 (64-bit) Setup

(@) J

A

python

for

windows

B Install launcher for all users (recommended)@

Install Python 3.10.0 (64-bit)

Select Install Now to install Python with default settings, or choose
Customize to enable or disable features.

% Install Now
ChUsers\guy'\AppData\Local\Pregrams\Python'\Pythen31 00

Includes IDLE, pip and documentaticn
Creates shortcuts and file associations

— Customize installation 0
Choose location and features

Add Python 3.10 to PATH Cancel

so enables Windows to find Python and is ~ [# Pthon 2100 (6+bit Setup - X
usually helpful. Optional Features
@ You can click Install Now to install 8 Doaumentation
. Installs the Python documentation file,
Python and all its components for 8o
yourself, not fOI' Other users. P Installs pip, which can download and install other Python packages.
. . . O tel/tk and IDLE
o C|.1Ck Custom]ze 1nstallat10n. Installs tkinter and the |DLE development environment.
. B Python test suite
The Optlonal' Features screen appears’ Installs the standard library test suite.
e DeselECt the CheCk bOX for any feature .F:I':‘:,‘ta:l::::gl:b:?r:;fl‘ :;Sjr::z?ir:a;::a::jir to start Python.
you do not want to install. For example, pgthon
deselect tcl/tk and IDLE (7)) if you do ; dfm
not want to install the IDLE development | W/NCOWS = M —
environment.
© Click Next.
TIP
Which apps does the Python installation include?
The Python installation installs an app called Python — for example, Python 3.10 — and an app called
IDLE, an integrated development environment for Python. The IDLE app’s name includes the version of
Python, such as IDLE (Python 3.10).
You can use the IDLE integrated development environment to create and test Python code, but we
recommend you use Visual Studio Code instead, because it provides more features and is widely used. See
the section “Download and Install Visual Studio Code,” later in this chapter, for information on getting
Visual Studio Code.
continued >




Install Python on Windows (continued)

hen installing Python, you can choose to install the Python launcher component for just

yourself or for all users. Separately, you can choose to install the main Python app and other
components either for just yourself or for all users of your computer. You can also add the Python
program location to your Windows PATH, which enables Windows to find Python without you having

to specify the path explicitly.

After installing Python, you can update it to the latest version by downloading the latest installer

from the Python Software Foundation website, running the installer, and clicking Upgrade.

Install Python on Windows (continued)

Download and Install Python
on Windows (continued)

The Advanced Options screen
appears.

Note: By default, the Python Setup
Wizard installs Python and the
components you choose only for you,
not for all users of your computer.

() The default install location is
within the AppData folder in your
user account. This location is
available only to you.

Click Install for all users

(C) changes to @).

(@ The install location changes to a
Python folder within your
computer’s Program Files folder.
This location is available to all
users.

( You can click Browse and select a
different install location if
necessary. Normally, the default
location works well.

) Click Install.
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tp Python 3.10.0 (64-bit) Setup — *
J Advanced Options
. Install for all users
@ Associate files with Python (requires the py launcher)
@ Create shortcuts for installed applications
B Add Python to environment variables
B Precompile standard library
0 Download debugging symbols
[0 Download debug binaries (requires VS 2017 or later)
Customize install location
C:\Users\g uy\AppData\LocaIA\Programs\Py'thon\Python3 10 Browse
pgthOﬂ You will require write permiﬁs for the selected location.
for
Windows Back % instal Cancel
3 Python 3.10.0 (64-bit) Setup — ®

Advanced Options

@ Install for all users

B Associate files with Python (requires the py launcher)
B Create shortcuts for installed applications

@ Add Python to environment variables

8 Precompile standard library

[0 Download debugging symbols

[ Download debug binaries (requires VS 2017 or later)

Customize install location

& CA\Program Files\Python310

Browse a

@fv’lns‘cal\

Back

Cancel




Note: If the User Account Control dialog box
opens, prompting you to decide whether to
allow the Python Setup Wizard to make
changes to your computer, click Yes.

The Python Setup Wizard installs the
components you chose.

The Setup Was Successful screen appears.

@ If you want to disable the path length
limit, click Disable path length limit, and
then click Yes in the User Account Control
dialog box that appears.

(® Click Close.
The Python Setup Wizard closes.

Upgrade Python on Windows

0 Follow steps 1 to 4 in the previous
subsection to download the Windows
installer for the latest version of Python
from the Python Software Foundation
website, www.python.org, and open the
installer file.

The Python Setup Wizard screen appears.

© Click Upgrade Now to upgrade Python but
retain all your settings.
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% Python 3.10.0 (64-bit) Setup — *

-
A

python

for

windows

Setup was successful

Mew to Python? Start with the online tutorial and
documentation. At your terminal, type "py" to launch Python,
or search for Python in your Start menu.

See what's new in this release, or find more info about using

Python on Windows.

% Disable path length Iimitﬁ
Changes your machine configuration to-allow programs, including Python, to
bypass the 260 character "MAX_PATH" limitation.

& Close

5 Python 3.9.7 (64-bit) Setup - bs

}- Upgrade to Python 3.9.7 (64-bit)
’ Select Upgrade Now to keep your current settings, or choose Customize to

enable or disable features.
python

for

windows

© Upgrade Now

C:\Program Files\Python38\, e

Replaces your existing installation without changing settings.
Select Customize to review current options.

— Customize installation
Choose location and features

O If you want to change your settings, click Customize installation, and then make your choices on the
Options screen and the Advanced Options screen.

TIP

the path length limit.

What is the path length limit, and should I disable it?

The Windows path is a text variable that tells Windows where to find important items. For example,
PATH=C:\Windows;C:\Program Files tells Windows where to find the Windows folder and the Program
Files folder. Selecting Add Python to PATH (@) adds Python’s folder to the path, so Windows can find
Python without you having to specify the folder.

The PATH variable has a length limit of 260 characters for backward compatibility with older versions of

Windows. However, this limit may cause errors when compiling and running Python code that uses long
paths. Normally, you should click Disable path length limit on the Setup Was Successful screen to disable
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Install Python on the Mac

hether it has an Intel CPU or an Apple Silicon CPU, your Mac almost certainly has a version of
Python installed — but it is most likely to have only Python 2. If so, you will want to install
Python 3, probably the latest stable version of it.

In this section, you use the Terminal app in macOS to check whether Python is installed and, if so,
which version. Then, if needed, you can download and install a newer version of Python.

Install Python on the Mac

Check Which Version of Python Is
Installed on Your Mac

0 Click Launchpad (::).

Launchpad opens.

0 Start typing terminal.

Launchpad narrows the selection to the
apps that include what you have typed.

€@ Click Terminal (@).

A Terminal window opens.

L0728 ° 060G

‘ Install Command Line Developer Tools

@ Type python3 and press (. LA
Note: If Terminal displays the version of Last Login: Fri Apr 16 18=11¢45ﬁtvs9%

(8 maria — -zsh — 80x24

maria@PMarias-Mac ~ % python3

Python, as shown in the final screen of this [xcode-select: note: no developer ®bols were found at '/Applications/Xcode.app',
requesting install. Choose an option in the dialog to download the command line

section, go to step 8. Python 3 is already  |developer tools.
. maria@Marias-Mac ~ % [|
installed on your Mac.

O A dialog box opens, prompting you to

The “python3” the line
'inStau_ the Command-ljne developer @ de'velupenaals Would you Ilketo install the tools
tools I kl\k dwm\ ad and install the command line
© Click Install.

The Downloading Software dialog box
opens, showing a progress readout. Downloading software

@ About 20 seconds remaining

Stop

12
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When the installation completes, a & install Command Line Developer Taols &
The Software Was Installed dialog box |~ ©© 88 marla — -2sh — 2024
Last login: Fri Apr 16 18:11:45 on ttyseea E
opens. maria@Marias-Mac ~ % python3 ]
xcode-select: note: no developer tools were found at '/Applications/Xcode.app',
: requesting install. Choose an option in the dialog to download the command line
G Cth Done' developer tools.

maria@Marias-Mac ~ % [|

! The software was installed.

The d]alog box closes. ® Torminal Shell Edit View Window Help =
. . [ XN ] " maria — Python — 80x24
The Terminal window becomes Last login: Fri Apr 16 18:11:45 on ttys@e@
. . maria@Marias-Mac ~ % python3 I
aCt]Ve aga1n- xcode-select: note: no developer tools were found at '/Applications/Xcode.app',
requesting install. Choose an option in the dialog to download the command line
developer tools.
o Type pyth0n3 and press m' maria@Marias-Mac ~ % pythonaﬂ ]
&Pythun 3.8.2 (default, Dec 21 2 , 15:06:04)
oThe version of Python appears. [Clang 12.6.8 (clang-1200.0.32.29)] on darwin
Typel"help", "copyright", "credits" or "license" for more information.
55>

© Type quit() or press [+,
The Python app quits.
© Press O+

The Terminal app quits, and the
Terminal window closes.

How can I update the version of Python on my Mac?

The easiest way to update the version of Python on your Mac is to download the latest Python installer file
for macOS from the Python Software Foundation website, www.python.org; run the installer; and click
Upgrade Now.

On a Mac that you administer yourself, another option is to install the Homebrew package manager, which

you can download for free from the Homebrew website, https://brew.sh. After installing Homebrew, you can
quickly update Python by opening the Terminal app and running the appropriate command.
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Install Python on Linux If Necessary

any Linux distributions include a version of Python, so you may not need to install Python on
Linux. In this section, you check whether Python is already installed on your Linux box and
install it if it is not. If Python is already installed but is out of date, you update it to the latest

version available for your Linux distribution.

This section uses Ubuntu Linux as the example and provides brief notes on other widely used Linux
distributions. You need to have the permission to run commands as superuser — as the root user —

using the sudo command.

Verify That Python Is Installed on Linux

o Open a Terminal window. For example, on
Ubuntu:

@ Click Show Applications ().
The Activities screen appears.
© Type terminal.
Matching search results appear.

@ Click Terminal (@ or similar).

A Terminal window opens.

e Type python3 and press (=)

() If Terminal displays details of the Python
version, such as Python 3.9.5, Python is
installed.

@ You can quit Python by typing quit() and
pressing (Z101). Alternatively, press (Z1)+(2).

Note: If you see a message saying that Python was
not found, you need to install Python. In the
Terminal window, type sudo apt install python3
and press (2. If Terminal prompts you for your
password, type it and press (5. Linux then
downloads and installs Python.

14

" ted@ubuntupi: ~

ted@UbuntuPiz~$ python3]]

mn ted @Ubuntupi: ~

ted@UbuntuPiz~§ python3
iPython 3.9.5 (default, May 11 2021, 08:20:37)
[GCC 10.3.0] on Linux

qu’

Type "help”, "copyright”, "credits” or "license” for more information
>>> quit()|
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Update Python on Linux

o Open a Terminal window. For example,
on Ubuntu, click Show Applications
(g), type terminal, and then Cljck 1 http://us.archive.ubuntu.com/ubuntu focal InRelease
. Hlt:2 httpf[{se(urtty.uhuntu.com/uhuntu focal-security InRelease
Terminal (@). LEL2 Webpey fom: archive. buntu- comfdimen focat-backports Tnfctesse

Reading package lists... Done
Building dependency tree

e Type the sudo apt update i e iR va,,imgradamv to sse then.
parallels@vubuntu:~§ sudo apt upgrade]
command and press (Z1C].

Linux prompts you for your password.

e Type your password and press [Z15.

Linux downloads the latest list of
software packages available.

parallels@vubuntu: ~

paraucls@wbuntu:ns sudo apt update
B sudc] passuord for parallels:
&

(@ Terminal displays information about
available upgrades.

0 Type the sudo apt upgrade
command and press (Z03. |~ parallels@vubuntu: - al=| - o0 ©

Installing new version of config file fetc/cron.weekly/update-notifier-common ..

Note: If Terminal displays information about [ icing up update-nottfier (3.152.30.9) ...

g 3 s setting up update-manager (1:20.04.10.7) ...
the amount of add]t]onal‘ d]Sk space that will Processing triggers for systemd (245.4-4ubuntu3.i1) ...

be used and prompts you to dec-ide Whether Processing triggers for man-db (2.9.1-1) ...

Processing triggers for cracklib-runtime (2.9.6-3.2) ...

to continue, type y and press :]_ Processing triggers for plymouth-theme-ubuntu-text (©.9.491t20200323-0ubuntu6.2)
. . uﬁt.:la.lte—i.nitramfs: deferring update (trigger activated)
Lmux downloads and 'InStauS the Processing triggers for dbus (1.12.16-2ubuntu2.1) ...
Processing triggers for shared-mime-info (1.15-1) ...
Updates. Processing triggers for install-info (6.7.0.dfsg.2-5) ...

Processing triggers for fontconfig (2.13.1-2ubuntu3) ...

. . Processing triggers for desktop-file-utils (®.24-1ubuntu3) ...
GWhen the upgrade ﬁn]ShES, the prompt Processing triggers for mime-support (3.64ubuntul) ...

Processing triggers for hicolor-icon-theme (8.17-2) ...
reappears' Processing triggers for gnome-menus (3.36.0-1ubuntul) ...
Processing triggers for libec-bin (2.31-8ubuntu9.2) ...

Processing triggers for initramfs-tools (®.136ubuntu6.6) ...
YOU can then type pyth°n3 and press update-initramfs: Generatﬁ' /boot/initrd.img-5.11.8-34-generic

(Z12] to see the Python version that parallelsgvubuntu:-5 [} I
has been installed.

How do I install Python on other Linux distributions?
Generally, you would install Python from your distribution’s application repository.

Here are the commands for other popular distributions:

e Fedora: sudo dnf install python3

e Arch: sudo pacman -S python3

® SUSE: sudo rpm install python3

e (Qther Debian-based distributions: sudo apt install python3
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Learn About Development Tools for Python

ython code consists of plain text with structured layout, so you can create the code in any app
that can output plain text. For example, you can create Python code in the Notepad text editor
on Windows or in the TextEdit text editor on macOS.

But unless you like doing things the hard way, you will be better off using an app that is designed
for creating code and that provides features to help you create code that is both correct and
correctly formatted. This app can be either a code editor or an integrated development environment,
IDE for short.

What IS d COde Editor? . Ch\Users\Guy'\Dropbox\ TYV_Python\Code\Fahrenheit1. py, lime Text - O X
A Code editor .is an app that File Edit Selection Find 4@ Gote  Teols Projed@erences Help
.is designed and bu'”.t tO OPEN FILES Assessment] X | Integers 1.py X Fahrenheitlpy x | Background Ops x + ¥
s * Assessment] ef degreesFToC(fahrenheit): -t
make the Wnt]ng of * Integers_1.py 2 |d : celsius = fahrenheit - 32
programming code easier, % Fahrenheit1.py 3 celsius - celsius * 5
faster, and more efficient  Backgraund.Oes . celsius - cetsius /0
’ . 5
While you can write code . T oot cotsius))
. . % ahrenheit, celsius
using any text editor or word
ef main():
processor, these apps fio not ? : et Tol (51
provide the programming- 11 degreesFToC (22)
specific features that a - degreesFToC(212)
code editor gives you. 14 main()
A code editor typically
includes features such as
the following:
e Syntax evaluation and
I Line 1, Column 1 Spaces: 4 Python

highlighting. As you
program, the editor de-
termines the code’s different elements and highlights them in different colors and font styles (A) to help
you identify them visually.

e Automatic completion of code. When you start typing a keyword or another known element, the code
editor displays suggestions for completing it. By accepting these suggestions, you can work faster.

e Multifile interface. Whereas most word processors keep each document in a separate window, many
code editors use a tabbed interface (B) that enables you to open multiple files in the same window and
switch quickly from one file to another by clicking the appropriate tab. Many text editors likewise use a
tabbed interface.

¢ Line numbers. The code editor automatically displays line numbers (C) so that you can easily navigate
through your code.
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What Is an Integrated
Development
Environment?

An integrated development
environment, or IDE, is an
application designed for
developing code. The
development environment is
integrated because you can
both write the code in the
environment and run the
code to make sure it works
correctly.

An IDE typically provides
similar features to those in

a code editor, such as syntax
evaluation and highlighting,
automatic code completion,

and the ability to switch easily among multiple files. To these features the IDE adds tools for testing and

debugging your code.

For example, the figure shows the PyCharm IDE. In the upper-left corner is the Project pane (D), which
enables you to navigate among the files in your current project; gives you access to external libraries,
repositories containing code you can add; and provides a scratch window for quick work and notes, and
consoles for running code outside the IDE. In the upper-right corner is the Code pane (E), where you write
your code. And across the bottom is the Run window (F), in which the output from your running code

appears.

B File Edit View MNavigate Code Refactor Run Tools VCS Window Help

fileProcessor - (" testing.py 2~

~ [ fileProcessor C:\Users\Guy\PycharmP 1
> I venv library root

[ main.py

{2 testing.py
> 1l External Libraries

7 Scratches and Consoles

Run: @ testing -

&
#

Bu Structure

* Favorites

- IZTODO @ Problems 3 Debug

]

Project =

Iyl o« =

m g

fileProcessor - testing.py - O X
Jdesingy | G HE G B Q & P
D= = & — [k manpy {7 testing.py

# this is o script for trying out code 2 A v
# that will then be potched into main.py

def main():
str_file = input(“"Enter the file parameter: ")

print(str_file) 0

main()

main()

o —
C:\Users\Buy\PycharmProjects\fileProcessor\venv\Scripts\python.exe C:/Users/Guy/PycharmProjects
Enter the file parameter: post—indusrrg{

0

& Python Console Q) Event Log
240 CRLF UTF-8 4spaces Python 3.9 (fileProcessor) ‘I

4 Terminal ¥ Python Packages

Should I Use a Code Editor, an IDE, or Both?

Which coding tools you use for Python is very much a personal preference. That said, you will almost
certainly want to use an IDE for debugging your Python code. The question then becomes whether you want
to use a code editor as well as an IDE.

You may want to use both a code editor and an IDE for different aspects of your work developing code in
Python. Experiment with different tools to discover which tool or combination of tools works best for you.

continued >
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Learn About Development Tools for Python (continued)

hen it comes to development tools for Python, there are a lot of choices. Many Python-capable

code editors and IDEs are available, offering various combinations of features likely to appeal
to different developers. Most of these code editors and IDEs work for multiple — or many —
programming languages, but you can find IDEs built to work only with Python.

This section introduces you to some of the code editors and IDEs you may want to explore, including
Visual Studio Code, the coding tool we recommend you use for working with Python.

Which IDEs Can I Use for Creating
Python Code?

You can use a bewildering variety of IDEs for creating
Python code. Some IDEs are designed for use only with
Python, whereas other IDEs are designed for use with
various programming languages. Some IDEs are much
fuller featured than others and provide more help as you
work. Extra help may be welcome while you are starting
to use Python but may become annoying as you gain more

v/ Dropbox/ TYV_Pychan/Code/ Bre

J¥TnonyCode) Pre-Production

experience.
Here are three examples of IDEs for Python: A e
e IDLE. IDLE is a minimalist IDE that is included in the Tk Thonny - C:\Users\Guy\Dropbox\TyV_Python\Code\integers_T1py @ .. — O X
File Edit Viewm Run Tools Help
Python packages you can (.10wnload from the Python s ok =
Software Foundation website, www.python.org. IDLE, S—_——
shown in the figure, uses multiple separate windows R e

2 strN2 = input("Enter another integer: ")
3 intNl = int(strNl)

4 intN2 = int(strN2)
©
7

for the Editor (G), the Shell (H), and features such as
Debug Control (I) rather than displaying multiple panes
inside a single window.

e PyCharm. PyCharm (www.jetbrains.com/pycharm) is a Shet
full-featured IDE that comes in two editions. Normally, >>>
you would want the Community Edition, which is free

S intTotal = intNl + intN2
& strTotal = str(intTotal)
print (strN1 + "4+" + strN2 + "=" + strTotal)

>»> %Run Integer

and works only with Python. The other edition, Profes- EUN I — 125
sional, is a paid version that has a free trial and works ST ngrher dnregers 299
with HTML, JavaScript, and SQL, as well as Python. >>>

e Thonny. Thonny (https://thonny.org) is a lightweight
IDE designed to help beginners come to grips with
Python coding. Thonny offers three modes for different levels of experience: Simple Mode for beginners,
Regular Mode for those who need greater control, and Expert Mode for advanced users. The accompany-
ing figure shows Regular Mode.

Python 3.7.8
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Wh'ich Code Editors Can I Use for @ Fahrenheit!.py — C:\Users\Guy!Dropbox\TYV_Python\Code — Atom - [m] X
Python? E—

You have a wide choice of code editors
suitable for programming Python. Here
are three examples of code editors well
worth your consideration:

e Sublime Text. Sublime Text, shown
in the “What Is a Code Editor?” sub-
section earlier in this section, is a
powerful text editor with a minimal-
ist interface that provides as much
space as possible for displaying your
code files. Sublime Text supports
more than 40 other programming
languages as well as Python. You
can download an evaluation version
of the app from the Sublime Text website, www.sublimetext.com; the app then costs $99 for a 3-year
subscription.

e Atom. Atom, shown on this page, is a highly customizable code editor that makes working with multiple
files easy. As of this writing, Atom seems to place greater demands on the computer running it than the
other code editors listed here; as a result, Atom tends to run more slowly. Atom is free to download from
the Atom website, https://atom.io.

e Visual Studio Code. Visual Studio Code is a powerful code editor developed by Microsoft. It is separate
from Microsoft’s Visual Studio IDE and runs on Windows, mac0S, and Linux. See the following section for
more information.

Which Code Editor or IDE Does This Book Recommend for Python?

This book recommends that you use Visual Studio Code as your main coding tool for working with Python, at
least while using this book. Visual Studio Code is free, provides powerful coding features, and is widely used
for various programming languages from C+ + and C# to PHP and PowerShell.

While Visual Studio Code is generally described as a code editor, it also provides full-scale debugging
features, so it is effectively also an IDE.

The following section, “Download and Install Visual Studio Code,” shows you how to get the app on your
Windows PC, Mac, or Linux box. Subsequent sections show you how to set Visual Studio Code’s look by
applying a theme, install Python-related extensions to provide extra functionality, and configure some
essential settings.
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Download and Install Visual Studio Code

I

n this section, you download and install the Visual Studio Code app. Visual Studio Code is the
code editor and IDE we recommend you use for creating Python code. Visual Studio Code runs

on Windows, macQS, and Linux; this section shows Windows and provides notes and tips on the

differences in macOS and Linux.

On Windows, you can add an Open with Code command to the context menus for files and for
directories. This command enables you to easily open a file or a folder in Visual Studio Code from File

Explorer, which is usually helpful.

\ Download and Install Visual Studio Code

o Open your web browser and go to https://
code.visualstudio.com.

The home page of the Visual Studio Code
website appears.

e Click the Download link for your computer’s
operating system.

(@ The Download button shows the operating
system your computer is using.

(@ To download Visual Studio Code for another
operating system, click the drop-down arrow
(&), and then click Download () in the
Stable column for the operating system.

The Documentation for Visual Studio Code
screen appears, and the download starts.

Launch the Setup Wizard. For example, in the
Chrome browser, click ~ (~ changes to ),
and then click Open on the pop-up menu.

The Setup Wizard's License Agreement screen
appears.

0 Read the license agreement.

If you want to continue, click I accept the
agreement (O changes to @)).

@ click Next.

Code editing.
Redefined.
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0 Click Next on the Select Destination Location screen.

e Click Next on the Select Start Menu Folder screen.
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The Select Additional Tasks screen appears.

© select Create a desktop icon (@) if you want a Visual
Studio Code icon on your desktop.

@ Select Add “Open with Code” action to Windows
Explorer file context menu (@), as needed.

Select Add “Open with Code” action to Windows
Explorer directory context menu (@), as needed.

@ Select Register Code as an editor for supported file
types (@) to associate Visual Studio Code with the file
types it supports.

@ Select Add to PATH (8) to add Visual Studio Code to your
Windows path. This helps Windows locate Visual Studio Code.

(D Click Next.
The Ready to Install screen appears.

@ Verify that the summary shows the choices you intended to
make.

@ If you need to make changes, click Back until you reach the
appropriate screen.

(D Click Install.
The Setup Wizard installs Visual Studio Code.

The Completing the Visual Studio Code Setup Wizard screen
appears.

Note: If you want to use Visual Studio Code immediately, select
Launch Visual Studio Code (@) on the Completing the Visual
Studio Code Setup Wizard screen.

@a Add "Open with Code" action to Windows Explorer file context menu
() Add "Open with Code™ action to Windows Explorer

3 Setup - Microsoft Visual Studio Code (User) - X
select Additional Tasks
Which additional tasks shouid be performed?

Select the additional tasks you would ke Setup to perform whie instaling Visual Studio Code, then dick
Next.

Additional kens:

O crestes ue*m.zmo

Other:

directon mmenu@
1B Register Code as an editor for supported file Ws@

i Add to PATH (requires shell restart)
<Back ﬂ.ﬂm: 14 el

3 Setup - Microsoft Visual Studio Code (User) - X

Destination location: a
c ¥ i VS Code

Ready to Install
Setup is now ready to begin instaling Visual Studio Code on your computer.

Click Install to continue with the installation, or cick Back if you want to review or change any settings.

Start Menu folder:
Visual Studio Code

‘Additional tasks:
Other:

Register Code as an editor for supported fie types
Add to PATH (requires shel restart)

v
< »

- B

®) Click Finish.
The Setup Wizard closes.
Visual Studio Code opens.

You can now configure Visual Studio
Code, as explained in the section
“Configure Visual Studio Code for Working
with Python,” later in this chapter.

How do I install Visual Studio Code on mac0S?
Download the latest Mac Universal Stable Build from
https://code.visualstudio.com. Double-click the
downloaded zip file to extract its contents, the Visual
Studio Code app. Drag this app to the Applications
folder. You can then delete the downloaded zip file.

How do I install Visual Studio Code on Linux?
Go to https://code.visualstudio.com and download
the appropriate installer package for your
distribution — for example, the Debian installer
package or the Red Hat Package Manager installer
package. Open the file and follow the prompts.
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Get Started with Visual Studio Code and

Apply a Theme

he first time you run Visual Studio Code, the app displays the Get Started with Visual Studio

Code screen, which walks you through some initial configuration steps. You can return to the Get
Started with Visual Studio Code screen later if you like; alternatively, you can use the app’s other
means of accessing its settings to configure the app to work the way you prefer.

The first change you will likely want to make is to the theme, which controls the overall look of
Visual Studio Code. The app includes various dark themes and various light themes; third-party

themes are also available.

Get Started with Visual Studio Code and Apply a Theme

Launch Visual Studio Code

0 Launch Visual Studio Code in one of
the standard ways for your computer’s
operating system.

For example, on Windows, click Start
(EH) to open the Start menu, and then
click Visual Studio Code ().

(@ The Get Started with Visual Studio Code
screen appears.

The list on the left contains headings for
several initial configuration steps.

Q Click Choose the look you want.
(© Controls under the heading section appear.
O A preview appears.
e Click Browse Color Themes.
The Theme drop-down list opens.
() The highlight shows the current theme.

( The Light Themes section at the top
contains themes based on light colors.

(@ The Dark Themes section contains themes
based on dark colors.

0 Press () or () to move the highlight to
the theme you want to preview.
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Visual Studio Code displays a
preview of the theme.

e Click the theme you want to apply.

Note: You can also press (512 to
apply the currently selected theme.

%] File Edit Selection View Go Run Terminal Help

) Get Started X

< Get Started

Get Started - Visual Studic Code.

Salect Celor Theme (Up/Dowgdeys to Preview) ==

Light (Visual Studio)

Light+ (default light)

Quiet Light

g Ge Solarized Light
Disc Abyss

VS ¢ Dark (Visual Studio)
Dark+ (default dark)
Kimbie Dark

© Choo

Monokai
Theri Monckai Dimmed
Yours geg
simpl

Solarized Dark

Browse Color Themes

Tip: Use keyboard shortcut (Ctrl+K Ctrl+T)

light themes

dark themes

O Sync to and from ather devices

High Contrast
O One shortcut to access everything

See More Themes...
() Rich support for all your languages

) Open up your code

~ Mark Done

Mext Section +

The Get Started screen appears
fully again.

e Click the next heading whose
settings you want to explore.

(© The settings for the heading
appear, and you can work with
them.

() When you finish working through
the list, you can click Mark Done
(+) to tell Visual Studio Code you
finish using this list.

%] File Edit Selection View Go Run Terminal Help

Keep your essential VS Code =
customizations backed up and updated R —
across all your devices. = -

Get Started - Visual Studic Code.

) Get Started X

< Get Started

& Get Started with VS Code
Discover the best customizations to make
VS Code yours.

@ Choose the look you want

O Sync to and from ather devices

Enable Settings Sync

O One shortcut to access everything

O Rich support for all your languages

O Open up your code

&\«/ Mark Done

Next Section =

How do I go back to the Getting Started
screen?
Click Help to open the Help menu, and then
click Getting Started. On the screen that
appears, click Get Started with Visual Studio
Code in the Getting Started list on the right.

Why does Visual Studio Code have so many dark
themes?

Dark-hued themes tend to be easier on the eye, especially
when you are coding for a long time in a dimly lit room.
By contrast, this book uses a light-hued theme to increase
readability on both the printed page and the screen.
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Install Visual Studio Code Extensions for Python

isual Studio Code comes with powerful built-in features, but it also enables you to add further

functionality by installing extensions. An extension is an add-on unit of code that you can install
or uninstall separately. Many extensions are available from third-party developers, providing a wide
range of supplementary functionality for Visual Studio Code.

For working with Python, you should install the Python extension, as explained in this section. The
Python extension includes the Pylance server language extension and the Jupiter Notebook Renderers
extension, so you effectively install three extensions in a single move.

o Launch Visual Studio Code in one of the AV F e sweken Ve 0 i e Ve e = ox
. EXTENSIONS v O
ways your computer’s operating system A ——
offers. > msmus _e
. p’ Python Dam ks
For example, on mac0S, click Launchpad e ‘0
(=) to display the Launchpad screen, s el sebuoaing o ot
and then click Visual Studio Code (JH])- o e o s
‘c"z' :\::z::;';\vtebvck support. interactive progr...
Visual Studio Code opens. @ e ot o
. . Pylance DIBEM ¥ 2L
Q Click Extensions (E%). O o e roue o
Prettier - Code formatter D ISHM 15
The Extensions screen appears. ! i o
. . . ((-)) g:csmmapmemmmlse.::rm \:‘? Bl
@ You can click Search Extensions in S
Marketplace and type a search term to \ M
search by name. i " T
However, the Python extension often e o e Ve 5o e oy T e Ve o = =
appears toward the top of the Popular list, v e symon o -
. . Search Extensions in Marketplace
which is sorted by number of downloads, e - Python sese.sestsn
T o Microsoft | @ 44102495 | sk d % (442)
so you may not need to search. g & o " otlSense tanc, Living, Dibugging (ruitreadad, e,
‘!\r lance), Linting, :‘.. @
e CliCk Python- E.E‘ @ gg::lnlelhsansadebugg\ﬂg»;"” : Details  Feature Contributions  Changelog  Extension Pack
The information screen for the Python ( F Eﬁm.mmmm;@: Python extension for Visual Stugio | %
extension appears. © S %
. . . DEtiess A Visual Studio Code extension with rich support for the Python
© You can read detailed information about L T g
the eXtenSion. et Codetomattr 050 ; :::;:::;:u:;:ewmmmgrefadonng,uanableem\me-,test -
. ! CE e INOTE: Support on the web - e.g. github.dev - is limited Resources
e Cl.le Install. ((.)) ;“\%?Emopmem\xa\se.v:rw‘m“ Installed extensions Marketplace
itwicl Repository
. . isual o iCode e o The Python extension will automatically install the Pylance and License
V]Sual Stud-lo Code downloads the Python ' X..m":';”d'“de,'?.g‘:.f::f Jupyter extensions to give you the best experience when working with ore info
. . . L Microsoft m Python files and Jupyter notebooks. However, Pylance is an opf ‘
extension and installs it. O e e o
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@ You can click Disable if you need to
disable the extension temporarily
without uninstalling it.

(© You can click Uninstall if you decide
you want to uninstall the extension.

© click Installed.

The Installed list expands.

@ You can see all the extensions you
have installed.

@ You can click Settings (:3) to
configure settings for an
extension.

@ click Close ().

The pane showing information
about the Python extension
closes.

@ Click Extensions (&5).

The Extensions pane closes.
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®] fila Edit Selection View Go Run Terminal Halp

EXTENSIONS v o
Search Extensions in Marketplace
> INSTALLED 5
- POPULAR 30778
*
«ce), Linting, Debugging (m...
@
#
C/Cs @23 *35

c/C++ IntelliSense, debugging, and code br...

Microsoft

Jupyter

Jupyter notebook support, interactive progr.

Microsoft tnstatles £33
ESLint DIBEM K 45
Intagrates ESLint JavaSeript into VS Code.

Dirk Baeumer =0
Pylance D saams

A performant, feature-rich language server ...
Microsoft alled 33

Prettier - Code formatter 1590 %35
Code formatter using prettier

Pretticr [rster §
Live Server @ 1seM k45

Launch a development local Server with live ...

Ritwick Dey

Visual Studio IntelliCode LITER

Al-assisted development

Microsoft
P -~ @12 %35
> RECOMMENDED o

Extension: Python - Visual Studio Code

Extension: Python X

Pytho N v2021.10.1365161279
Microsoft

D 44102495 | Je k% (442)

IntelliSense (Pylance). Linting, Debugging (multi-threaded, remote). J

@
This extension fllnabled giobally.

"’w

Details ~ Feature Contributions gelog  Extension Pack

Python extension for Visual Studio
Code

A Visual Studio Code extension with rich support for the Python
language (for all actively supported versions of the language: > =3.6),
including features such as IntelliSense (Pylance), linting, debugging,

code navigation, code formatting, refactoring, variable explorer, test

explorer, and more!

NOTE: support on the web -- e.g. github.dev -- is limited,

Installed extensions

The Python extension will automatically install the Pylance and
Jupyter extensions to give you the best experience when worki h
Python files and Jupyter notebooks. However, Pylance is an oou
dependency, meaning the Python extension will remain fully

Runtime Status

Categories
Programming
Languages
Debuggers | | Linters
Formatiers | | Other
Deta Science
Machine Learning
Notebooks
Resources
Marketplace
Repository
License

More Info

Released 1/19/2016,

Python 3.100 64-bit @0 A0 &
%) File Edt Selection View Go Run Temminal Help Extension: Pythan - Visual Studio Code: - o
EXTENSIONS ¥ O Extension: Python X¢ ) =
Search Extensions in Marke
Python v2821.10.1365161279
~ INSTALLED 5

Pylance
A performant, feature-ich language server f...
Microsoft
o, Jupyter Notebook Renderers Details
‘& Renderers for Jupyter Notebooks (with plotl...
™ Microsaft
v POPULAR
4 Python
Intellisense (Pylance), Linting, Debugging (m...
Microsoft
P /s @2 k35
c/c+ IntelliSense, debugging, and code br...
Microsoft
%
ot Jupyter
jueyier Jupyter notebook suppert, interactive progr...
[ - - nstalied {53
ESLint D6 ks
@ Integrates ESLint JavaSeript into VS Code.
Dirk Baeumer
Pylance
A performant, featurerich language server f.
Microsaft Instiza 5
SisoM k35

> RECOMMENDED 0

Python
IntelliSense (Pylance), Linting, Debugging (m
Micrasaft @

Prettier - Code formatter

Microsoft

A

E= E e

This extension is enabled globally.

Feature Contributions  Changelog  Extension P::H

Python extension for Visual Studio
Code

A Visual Studio Code extension with rich support for the Python
language (for all actively supported versions of the language: >=3.6),
including features such as Intellisense (Pylance), linting, debugaing,

code navigation, code formatting, refactoring, variable explorer, test

explorer, and more!

NOTE: support on the web - e.g. github.dev -- is limited.

Installed extensions

The Python extension will automatically install the Pylance and
Jupyter extensions to give you the best experience when working with
Python files and Jupyter notebooks. However, Pylance is an opt
dependancy, meaning the Python extension will remain fully
functional if it ails to be installed. You can also uninstal it at the

D 44102681 | ek F ¥ ¥ (442)

IntelliSense (Pylance), Linting, Debugging (multi-threaded, remota), J

Categories
Programming
Languages
Linters | | Debuggers
Formatters
Data Science
Machine Lesening
Noteboaks

Resources

Marketplace

Repository

License

More Info

Released 1/19/2016,

What other extensions can I use for Python in Visual Studio Code?

A wide range of Visual Studio Code extensions is available for working with Python; you can get a list by
entering python in the Search Extensions in Marketplace box in the Extensions pane in Visual Studio Code.
In particular, you may want to try the Python Indent extension, which automatically controls indentation
on new lines of code, and the Python Snippets extension, which can save you typing by providing built-in
code snippets. Look also at the Kite AutoComplete AI Code extension, which provides automatic completion
for both Python and other major programming languages.
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Configure Visual Studio Code for

Working with Python

Visual Studio Code is highly customizable, so you should spend a few minutes configuring the
code editor suitably for your work in Python. This section shows you how to access Visual Studio
Code’s configuration preferences and explains the preferences you are most likely to benefit from
setting. These preferences include the “Files: Auto Save” setting, which controls whether Visual
Studio Code automatically saves unsaved changes as you work; the font size and font family in which
Visual Studio Code displays your code; and whether Visual Studio Code automatically inserts a closing

bracket to match each opening bracket you type.

o Launch Visual Studio Code.

For example, on Windows, click Start (Ef) to
open the Start menu, and then click Visual
Studio Code (EH]).

© click File.

The File menu opens.
€@ Click or highlight Preferences.
The Preferences submenu opens.
@ Click Settings.

Note: On Windows and Linux, you can press (&0]+()
to display the Settings screen. On mac0S, press
()+(). Alternatively, click Manage (§8) in the
lower-left corner, and then click Settings on the
menu that opens.

The Settings screen appears.

@ The Commonly Used settings category appears at
first.

Note: If the Commonly Used category does not
appear, click Commonly Used.

© Click Files: Auto Save (), and then click the Auto
Save option you want. See the first tip for advice.

G Click Editor: Font Size and type the font size
you want to use in the editor.

- 0
o0-

) Fiw Edt Selection Vew Go Run Temial Help

Semngs X
s a
Tt 2

Semmong - Vsl St Code

Commenly Used

@ | e Ate Save

@ You can click Editor: Font Family and type the font family you want to use in the editor.

@ Click Text Editor.
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The Text Editor settings category appears. O e E T S

e Click Auto Closing Brackets (~~), and then click
always, languageDefined, beforeWhitespace,
or never, as needed.

Note: Auto Closing Brackets controls whether Visual
Studio Code automatically enters a closing bracket
when you type an opening bracket. Auto Closing
Delete controls whether Visual Studio Code
automatically deletes adjacent closing quotes or
brackets during deletion.

Q Click Auto Closing Delete (), and then click
always, auto, or never, as needed.

00

Text Editor

Asemubise; Pags v

(@ Click Features. ——
The Features settings category appears.

) Click Auto Reveal (), and then click true,
false, or focusNoScroll, as needed.

@ Select Confirm Delete (B) to make the explorer
confirm your file deletions.

(B Select Confirm Drag And Drop (8) to make the
explorer confirm your file drag-and-drop actions.

When you ﬁniSh conﬁguring Settings, CI.'iCk ""‘&CWMMTT’“ i T e AR B i

Close (X).
The Settings tab closes.

e Fun Temiesl g Semnga - Vi i oo =0 %
Semrga oo

Features
Explorer

ane Rvesd

L)

Cecsrations [

What are the Files: Auto Save options?

Click off to disable automatic saving. Click onFocusChange to
save changes when you move the focus from the file that contains
changes. Click onWindowChange to save changes when you
activate another app. Click afterDelay to have Visual Studio Code
automatically save changes after a delay. The default delay is 1000
microseconds — 1 second. To change the delay, click Text Editor
and change the value in the File: Auto Save Delay box.

How do I update Visual Studio Code?
By default, Visual Studio Code
automatically checks for updates and
notifies you when one is available. If
Visual Studio Code displays the Restart
Visual Studio Code to Apply the Latest
Update dialog box, click Update Now to
start the update.
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CHAPTER 2

Writing and
Running Your
First Python Code

In this chapter, you start writing code in Python using the Visual Studio
Code editor and the terminal window. You learn about Python’s main ()
function and create a simple function. You also learn how to run code
either in Visual Studio Code or in a terminal window, add comments to
your code, and import and use Python modules and objects.

) File Edit Selection View Go Run -

function is running.")

name__ parameter is: "

“The main function is not running.")
print("The _ name__ parameter is: " + 7namei)|
£ TERMINAL Glmtron 4+~ M @ ~ X

Windows PowerShell
Copyright (C) Microsoft Corporation. All rights reserved.

Install the latest PowerShell for new features and improvements! https: //aka.ms/PSindows

PS C:\Users\guy> & "C:/Program Files/Python318/python.exe” c:/Users/guy/Documents/Python/Script_1
oy
The main function is running.

The __name__ parameter is: _ main _

PS C:\Users\guy>

52 Spaces4 UTF-8 CRLF Python 3.10064-bit & 0O

1:40 AM

~ ENG oo
=8 s = O sn4p002
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Understanding the main () Function

ou can create a Python script that simply uses commands and does not define any functions; you

do this extensively later in this book. But many Python scripts include a function called main ()
that contains the main set of actions the script performs. In this section, you learn the purpose of
the main () function and when and how to create one.

You also learn about the two ways to run code using the Python interpreter. How you run a script
affects how Python sets the built-in __name  parameter, which you can use to control whether the
main () function runs.

What Is the main () Function?

As its name suggests, the main () function typically forms the core part of a Python script. You would
normally use the main () function in conjunction with an if statement that checks the value of the
__name__ parameter. Doing so enables your script to determine whether it was launched from the command
line or whether it was imported into the interpreter or into another script or module.

Here is pseudocode showing a main () function and its if statement, with italics indicating a placeholder:

def main() :
statements

if name_ == "_main_ ":
main ()

Here is how this works:
e def. This keyword starts the definition of the function.

® main () :. This is the name of the function, followed by a colon to end the line. This line is called the
function header.

® statements. This is where you place statements that specify the actions the main () function is to take.
The statements are indented by four spaces to indicate that they belong to the function’s block of code.

e if. This keyword begins the condition, which compares the value of the name  parameter to the
string " main__ ". Two equal signs, ==, denote equality. The double quotes, ", mark the beginning and
end of a literal string of text. The colon ends the line.

® main (). This statement tells Python to execute the main () function if the condition evaluates to True.
This statement is indented by four spaces to show it belongs to the if statement’s block of code.

30



CHAPTER

Writing and Running Your First Python Code

When Should You Create a main () Function?

Create a main () function in any script that you want to have execute in a different way when it is run from
the command line than when it has been imported into the interactive interpreter or into another script or
module.

Understanding the Two Ways to Run Python Code

You can run a Python script either by launching it from the command line or by importing it into the
interactive interpreter or another Python file.

Launch a Script via the Command Line

The first way to launch a script is by using the command line. You start by opening a terminal window, such
as a Command Prompt window on Windows or a window in the Terminal app on macOS or Linux. You then
navigate to the appropriate folder, type the Python app’s name and the script’s name, and press ().

For example, to run the script called my script.py from the current folder, you might use this command
on Windows:

python myscript.py
Or you could use this command on macOS or Linux:
python3 my script.py

When you launch a script from the command line, Python sets the script’s name  parameter to

main .

Import a Script into the Interactive Interpreter or into Another Script or Module
To import a script, you use the import keyword followed by the script’s name without its extension. For
example, if the script’s name is acme calcs.py, you can import it using the following statement:

import acme calcs

When you import a script into the interactive interpreter, into another script, or into another module,
Python sets the script’s name  parameter to the script’'s name without the extension. Continuing the
previous example of importing, Python sets the name  parameter to acme calcs.
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Create and Save a New Script in Visual Studio Code

In this section, you run the Visual Studio Code app, create a new script, and specify that you want to
use the Python language for the script. You then save the script under a name of your choice in a
suitable location, creating a new folder if necessary. Saving the script file gets you ready for creating
code in it, which you do in the following section, “Write and Run Code in Visual Studio Code.”

running.

Select a language to get started. Start typing to dismiss, or
don’t show this again

0 Open Visual Studio Code if it is not already SIS mﬁm Eoo s - © x

On macOS, click Launchpad (::), and
then click Visual Studio Code ().

Note: If Visual Studio Code is already running
or does not start a new script by default, start

ion Vi
ntitle e
e ) or
dot uf Batch fbat languages (identifier)
BibTEX foiotex)
i inany)
4

€55 (cso
€ CUDAC#+ fcuds-cpp]

For example, on Windows, click Start (F), —
and then click Visual Studio Code (JH]). I

a new script manually by pressing (Z =)+

The Select a Language to Get Started
prompt appears.

Q Click Select a language to get started.

. . File Edit Selection View Go Run .- Untitled-1- VisualStucho . D L (B 08— [=}] X
on Windows or Linux or ()+(1] on the Mac. I — = —

O The Select Language Mode pop-up menu

opens. 4] Flle lection  View Go Run .- Untitled-1 - Visual Studio... [ (= (0 08 — ] x
Tvpe p. Newme Ctrl+N [ e [O0) eeo
e yp p New File... Ctrl+Alt+Windows+N
The P section of the pop-up menu e indew cutrapit
appearS. Open File... Ctri+0
Open Folder... ctrl+K ctri+0
e cljck Python (python). Open Workspace from File...
Open Recent >
@ Visual Studio Code sets the language A ol o erkepace.
to Python‘ Save Workspace As...
Duplicate Workspace
© click File.
. Save As... Ctrl+Shift+S
The File menu opens. o
@ click Save. / autosae

®@0A0 In1,Col1 Spaces: 4 Python 3.10064bit & 0

Note: On Windows and Linux, you can press
(Z2005)+(5) to give the Save command.
On mac0S, press (+E).
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The Save As dialog box opens.

0 Navigate to the folder in which
you want to store your script.

Q If you need to create a new
folder for your Python code,
click New folder. If not, go to
step 11.

© The app creates a new folder.

Q Type the name for the new folder,
and then press (Z1).

@ Double-click the new folder.

The folder opens.
@ Type the filename for the script.
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) Save As

«

Organize ~ waolder@

MName

v 4 &> ThisPC > Documents >

» Quick access
" Custom Office Templates

v &% Dropbox My Data Sources

> @ TYV_Python __ Older Documents

> @ OneDrive - Personal _ Reference

 Spreadsheets
v [l ThisPC

_ Templates
> @l Desktop

wﬁ Documents

> Downloads

L] Mac Files

(¢ _=Erme 9

v O

Date modified
3/7/2020 10:47 PM
12/19/2021 10:21 ...
4/9/2020 4:03 PM
379/2020 10:08 AM
10/28/2021 8:41 AM
8/6/2021 10:10 PM
10/28/2019 10:34 ...

4/13/2022 11:53 AM

O Search Documents

Type

File folder
File folder
File folder
File folder
File folder
File folder
Shortcut

File folder

File name: | Untitled-1 10

Save astype: Python

 Hide Folders

) Save As
& > ~ 4 T05 ThisPC > Documents > Python

Organize »  New folder

® Verify that Python is selected in the =

Save As Type drop-down list.
@ Click Save.

The Save As dialog closes.

Visual Studio Code saves the script.

You can now enter the code for the
script. See the next section, “Write
and Run Code in Visual Studio

Code,” for an introductory example.

TIP

MName
» Quick access

v 2% Dropbox

> TYV_Python
> @ OneDrive - Personal
~ [l ThisPC

> (@l Desktop

> = Documents

> Downloads

~ C

Date modified

Ne items match your search.

£ Search Python

Type

File name: | Script_1|

Save astype: Python

# Hide Folders

Should I use the Auto Save feature in Visual Studio Code?
You decide. You can toggle Auto Save on or off by clicking File to open the File menu and then clicking
Auto Save to display or remove the check mark next to it. To configure Auto Save, click File, click or

highlight Preferences, and then click Settings to display the Settings screen. In the left pane, click

Commonly Used to display the Commonly Used list. Click Files: Auto Save (*~) and then click afterDelay
to save after a short delay, onFocusChange to save after you move the focus in the code window, or
onWindowChange to save after you activate another window.
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Write and Run Code in Visual Studio Code

fter creating a new script file in Visual Studio Code, as explained in the previous section, “Create

and Save a New Script in Visual Studio Code,” you can write code in the script and then run it. In
this section, you create a short script that demonstrates how the script's _name  property varies
depending on how you run the script. The script uses the print () function to display output and
includes an if... else statement, a decision-making tool you will meet in detail in Chapter 6,
“Making Decisions with if Statements.”

Wﬁte Code in Visual StUdiO COde ) File Edit Selection View Go Run &sﬂim}w-v\mmudin."Ijl;l|] s = o x
. . . ® Script_1py X v @ -
0 Open Visual Studio Code, and then open the new script A oo o D,
file you created and saved in the previous section. 2 ool Zi??fﬁ;ﬂ 1
. . 3 A (*V2Tues: ﬂl_l] ct, ;Q»p:'str‘ | None = end:
On line 1, type the following statement, which uses ikl o1 el
the def keyword to create a function named main (). 2“ ————
flush=False)
PI'ESS m- Prints the values to a stream, or to sys.stdout by
. default. Optional keyword arguments:
def maln() : ~_ file: a file-like object (stream); defaults to the current
.~ sysstdout.
@ Visual Studio Code automatically indents the next line, é
making it part of the code block for the main ()
function.
e Type the follow.ing pal’tial Statement: Ao n2 Col 11 Spaccs4 UTF-8 CRLF Python 3.100 64-bit 2]
File Edit Selection View Go Run - Seript_1.py - Visual Studic.. D @ 00 05— o X
print( % Scriptlpy X e (1] o
. . . . Nt il o
@ Visual Studio Code automatically enters the closing 2 | prindft
parenthesis, ), for you to the right of the insertion
point.
. . . , . File Edit Selection View Go Run - Script Loy - Visual Studic... [0 d 00 03— o x
© A ScreenTip containing help for the print () function o sovie x T
appears. e :
O Type .
Visual Studio Code enters the closing quotes for you,

again to the right of the insertion point.
G Press [£) to move the insertion point past the

(@ Visual Studio Code highlights the parentheses to closing quotes, and then press (Z1J. The
indicate that they are a matching pair. complete line of code looks like this:
e Inside the quotes, type the following string of text, print ("The main function is
carrying the closing quotes along to the right: running.")

The main function is running.
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Visual Studio Code retains the indent S AR Emh S uEn E G Sciplpy-VisalStudio. D M D3 — O X

on the next line. % seript 1py 1 % B [ e
C: > Users > guy > Documents > Python > 4 Script_1.py > (@ main

0 Type the following partial statement, 1 def main():
. . . 2 print("The main function is running.")

which uses the print () function 3 selinte. neme et | ol |

to display information about the s

__name___ parameter, moving the 1 _gualname 0

closing parenthesis along to the right.

print ("The _ name  parameter
is: " + _na

Note: When you type the closing quotes,
", Visual Studio Code moves the insertion
point to the right of the " character that
your typing has been carrying along. You
can also press [ to move the insertion
point past the " character.

®@oA1 Ln3, Col47 Spaces:4 UTF8 CRLF Python 3.10064bit & 0
o When you type __na, Python displays ® file Edit Selecton View Go Run - script_1py- VisualStudio. D 0 08 — O X
an AutoComplete list of matching ® script 1oy X B @ -
. C: > Users > guy > Documents > Python > o Script_1.py > ..
]tems' 1 def main():
. 2 print("The main function is running.")
e Cl.le _name_. 3 print("The _ name__ parameter is: " + _ name__ —
4

Visual Studio Code enters the
name__ item, so the statement looks
like this:

print ("The _ name__ parameter
is: " + _ name_ )

© Type ) to move the insertion point
past the closing parenthesis, and then

press (2.

@ Press to delete the indent,
ending the main () function’s block,
and then press (5.2 again.

@oMo Ln4,Col5 Spaces:4 UTF-8 CRLF Python 3.10064-bit & 0

How else can I navigate the AutoComplete list?

Instead of clicking the item you want to insert in your code, you can press [ or [ to move the highlight
to the item and then press or (£1]) to enter it. You can also “type down” to highlight the name —
simply continue typing the remaining characters of the name until Visual Studio Code highlights the name.

continued B>
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Write and Run Code in Visual Studio Code (continued)

N ormally, the if name == " main " statement does not have an else statement,
as the if statement is all that is needed to control whether the main () function runs. In
this example, however, you add an else statement to demonstrate how the value of name
changes when you run the script by importing it. The else statement runs when  name  is not
__main__;itdisplays a message including the value of name .

If you have turned off Visual Studio Code’s Auto Save feature, save your work manually whenever you
have made changes you would rather not have to make again.

Visual Studio Code creates a blank line.

@ Type the following if statement, which
compares the value of name  to the
string __main__, and then press (Z150):

if name == "_ main__ ":

@ Python indents the next line, making it part
of the if block.

@ Type the following statement, which runs the
main () function, and then press (Z120:

main ()

@ Press to delete the indent, and
then type the else keyword and a colon.

Press (Z10.

else:

Visual Studio Code indents the next line,
making it part of the else block.

@ Type the following print () statement, and
then press (=10:

print ("The main function is not
running.")

@ Type the following statement, which is the
same as that in line 3:

print ("The _ name_  parameter is:
" +  name_ )
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s File Edit Selection View Go Run .-

Script_1.py - Visual Studio.. [D @ (0 08— o X
@& Script_1.py X B @M -
C: > Users > guy > Documents > Python > 4 Script_1.py
def main():
print("The main function is running.")
print("The _ na is: "

4
2
3
4
5
6
i

n7,Col5 Spacess4 UTF-8 CRLF Python 3.10.0 64-bit &

] File Edit Selection View Go Run .-

% Script_1py X B~ M -
rs > guy > Docume:

def mai H
print("The main function is running.")

print("The __name__ parameter is: " + _ name_ )

L
H

if _name_ == "_ main

naint)

13 else: @ !
8 print("The main function is not running.")

9 printl"The __name__ parameter is: " + 7nam57)|©

Col 52 Spacess4 UTF-8 CRLF Python 3.10064-bit & 0
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Run YOUI’ SCI"'ipt 'in Visual_ »J File Edit Selection View Go Run - Script_lpy-Visual studio. D @ 08 - O X
Studio Code ® seript 1py % &D o ) o

C: > Users > guy > Documents > Python > & Script_1.py > ..

o Clek Run Python File in 1 def main(): Bk g

: 2 print("The main function is running.")
Term.lnal (D)' 3 print("The __name__ parameter is: " + _ name_ )
. . 4

The Terminal pane appears in the 5 if _name_ == " main_": .
lower part of the Visual Studio o 1 min0
COde WindOW. 8 print("The main function is not running.")

9 print|("The __name__ parameter is: " + _ name_J)|

© The script’s path and name
PROBLEMS  OUTPUT  DEBUGCONSOLE  TERMINAL Blpthon +~ @ W ~ X

appear here.

Windows PowerShell

0 The Scr] pt’s output appearsl Copyright (C) Microsoft Corporation. A1l rights reserved.
'|nd'|cat'ing that the main ( ) Install the latest Powershell for new features and improvements! https://azka.ms/PSiindows
function -is running and that the PS C:\Users\guy> & "C:/Program Files/Python318/python.exe” c:/U5ers/guy/Documentslethom/Scr'ith0
-y
The main function is running.
Val.ue Of the _name_ parameter The __name__ parameter is: __main__@

1S main . PS5 C:\Users\guy>

© click Kill Terminal (fi).

®@oA0 Ln9,Col52 Spaces:4 UTF-8 CRLF Python 3.10064-bit & 0O

®) File Edit Selection View Go Run - Script_1.py - Visual Studio. D = (B 08 — | X
Visual Studio Code kills the @ seript 1py X bo @ -
Term-inal C: » Users > guy > Documents > Pythan > & Script_1.py > ..
. 1 def main():
. . 2 print("The main function is running.")
V]Sual. StUd]O COde Cl-oses the 3 print("The __name__ parameter is: " + __name__)
Terminal pane. o I
[ _main()_ o -
7 else: L
] print("The main function is not running.™)
9 print(“The __name__ parameter is: " + __name_ )

®oA0 Ln9 Col52 Spaces:4 UTF-8 CRLF Python 3.10064-bit & 0

How can I save time when creating repetitive code in Visual Studio Code?

You can use the Copy and Paste commands. For example, instead of typing a line of code again, select a
previous instance, and then give a Copy command, such as clicking Edit and then Copy; click in line 8, and
then give a Paste command, such as clicking Edit and then Paste. If you prefer, you can use the standard
keyboard shortcuts: Press (£ ) +(2) for Copy, (£ +(1) for Paste, or (£ )+ for Cut. On the Mac,
press (+(2), 3+, and E)+(3, respectively.
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Execute Python Commands in a Terminal Window

he Python interactive interpreter enables you to execute commands in a terminal window. You

open a standard terminal window, such as a Command Prompt window on Windows or a Terminal
app window on mac0S or Linux; and then launch the interactive interpreter using the python
command on Windows or the python3 command on mac0S or Linux. You can then type Python
commands and get an immediate response.

Working in the interactive interpreter is great for learning, and you will use this approach extensively
in this book. This section provides an introduction to the interactive interpreter.

Execute Python Commands in a Terminal Window \

@ Open a terminal window. (1 "~ Tmr——

For example, on Windows, click Start (Ff), type com, and Cl\UseFS\gquythonﬂ
h lick Command Prompt (-) I)’yt[plgg Sigzg ézag'ls{V%AMDég):?‘tg:fa?ﬁB(Z)Ct + 20
then clic p . Tyge "he1._p", "copyright™, "credits" or "licensg
information.
e Type Python and press :] &>>> u = input("Type your name: ")£

Note: On macOS and Linux, type python3 and press (=: ).
The interactive interpreter launches.
@ The Python prompt, >>>, appears.

Q Type the following statement, which creates a variable
named u and assigns to it the result of the input ()
function prompting you to type your name. Press [=.0).

u = input ("Type your name: ")

& Comman d Prompt

Python displays the prompt: S ——
Python 3.10.0 (tags/v3.10.0:b494f59, Oct 4 20

Type your name: D’ [MSC v.1929 64 bit (AMDE4)] on win32
Tyge "help", "copyright", "credits" or "licensg
. nnformation.
@ Type whatever you like, and then press (Zi70. bo> U = input("Type your name: ")
&Type your name: Ann_
Python accepts your input. p>> print( You are * + ”)0

P>> quit()

e Type the following statement, which uses the print ()
function to display a short message including what you

typed. Press (Z100.

print ("You are " + u)

IC:\Users\guy>

Python displays the message, such as this:

You are Ann . .
The terminal window’s standard prompt

e Type the following statement, which gives the quit () appears again.

command, and then press .
P Note: Use the quit () command when you want

quit () to quit Python. For concision, terminal window
The Python interpreter quits. tasks from here on do not show this command.
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Run a Python Script in a Terminal Window

fter creating a Python script, you can execute it by running it in a terminal window. In this section,
you open a terminal window and run the script you created earlier in this chapter, which shows you
whether the main () function is running and what the value of the name  parameter is.

You then launch Python and import the script. By doing so, you can see the different way in which
Python handles the main () function for a script you import.

Run a Python Script in a Terminal Window \
Open a terminal window. 550 DT
0 guy@Mac-Fro-&%Drophox/TVV_Pythun/CodeQ Il

For example, on mac0S, click Launchpad (::), and then click w%ﬁeﬁ?f?ﬁiﬁ?ﬂeﬁ 55:33:3%‘1'pr |
. The __name__ parameter is: __m
Terminal (@)- ’

Q Change the directory to the one in which you saved the
script. The following macOS example uses the cd command
to change to the ~/Dropbox/TYV Python/Code directory,
starting from the user’s home directory, which is represented
by ~.

cd Dropbox/TYV_Python/Code
e On Windows, type python; on macOS or Linux, type python3.
0 On the same line, type a space, and then type the name of

the script. For example, on mac0S, the following command e T
runs the script Script_1.py: Suvacpro-s Code % pytnons Serimeotopy |
The main function is running.
python3 Script_1.py E'Jieﬁgiﬂi;a"EEZZTLQESHE% |
Python 3.10.@ (v3.10.0:b494f5935 ct 4 2021, 14:59:20)
@ The script’s output appears, indicating that the main () Type helgh, +copyrightipsieratiten or License® for more
function is running. @»li’?;zif?:;nm )

The main function is not running.
The __name__ parameter is: Script_1
quit() 1

guy@Mac-Pro-3 Code % [

e Type python on Windows, or python3 on macOS or Linux,
and then press (5.°]. For example, on macOS, type this:

python3
Python launches.

© The Python prompt appears.

@ Type the following statement, which uses the import
statement to import the script as a module: © Type the quit () command, and then

press (Z1].

quit ()

import Script 1

@ The script’s output appears, indicating that the main ()
function is not running and giving the value of the name Python quits.
parameter as Script 1.
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Understanding Comments in Python

Like most programming languages, Python enables you to add comments to your code. A comment
is text that appears in a script but that is marked as not to be executed. You can add comments

to your code at any point. For example, as you develop a script, you might use comments to describe
the tasks the code needs to perform and possible approaches for them. After finishing the script’s
commands, you might rework the comments so that they explain what the script does. Such comments
will help others understand and maintain the code.

Formally, Python supports only single-line comments, but you can also use multiline strings to create
informal multiline comments.

Create Formal Comments Using the # Character

Python uses the # character to mark the start of a single-line comment. You can place the # character at
the start of the line to make the entire line into a comment, as in the following example:

# display the value of y
print (y)

Alternatively, you can place the # character after some code, as in the following example. This method
works better for short comments and for comments you intend to remove once you get the code working.

t = "Placeholder 1" # replace this placeholder text

You cannot use the continuation character, \, to continue a single-line comment to the next line. Instead,
type # at the beginning of the next line if you need to continue the comment, as in the following example:

# prompt the user for the company name
# compare the company name to an approved list

Using Multiline Strings to Create Informal Comments

Another way to create a multiline comment in a script is to create a multiline string but not assign it to a
variable. To create a multiline string, you place three double quotes at the beginning and at the end, or
three single quotes at the beginning and at the end. The following example uses three double quotes:
Run an external check with the chem verify () method

to confirm the formula is correct.
Log the formula in the standard file.

This method of creating informal comments works but has no real advantage over using the # character on
each line. You should know about this method not because you should use it in your own code but because
you may encounter it in other people’s code.
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Using Comments to Prevent Code from Executing

Apart from adding textual commentary to your code, comments have a secondary use: You can use the

# character to prevent a specific line of code from executing. This is called commenting out the code —
turning a statement into a comment prevents the code from running without you having to remove it from
the script, but you can restore the code by removing the comment character.

For example, the # character comments out the first of the following statements:

# u = input ("Type your name: ")
u = "Bob" # default name for testing
print ("You are " + u + ".")

Enter Comments in a Terminal Window

You can enter comments when working interactively in a terminal window. Doing so is sometimes useful,
such as when you are working in multiple terminal windows and want to make sure you do not lose your
train of thought. Generally, though, comments are more widely useful when you are creating a script.

. . i ile it Selection View Go Run .- ntitled-1 - Visual Studio.. [ = (B 08 —

Enter Comments in a Code Editor pam @ o " e s ’ =

4  Undo cirl+7 B~ M -
or an IDE Redo Ctrl+Y
When you are working in a code editor or ut e
an IDE, you can create a comment Copy aiee
manually by typing the # character before e o
the comment text. But most code editors ;“I ;‘:'*HF
eplace Tl+|

and IDEs also provide commands for

. . ind I 1+Shift+|
commenting out text and uncommenting et e
. . Replace in Files Ctrl+Shift+H
it again.
Toggle Line Comment Ctrl+/
For example, in Visual Studio Code, you
Emmet: Expand Abbreviation Tab

can toggle commenting on or off for the
current line or selected lines by pressing
(£ )+ on Windows or Linux or
€3+ on the Mac. From the menu bar,
you can click Edit and then click Toggle
Line Comment.

®oA0 Ln1,Col 1 Spaces:4 UTF-8 CRLF Python 3.10064bit & 0

Visual Studio Code’s Edit menu also offers the Toggle Block Comment, which places three double quotes
before and after the selected text, making it into an informal comment. You can give this command from

the keyboard by pressing (<1 +E000+() on Windows or Linux or (&0 +E1+() on the Mac.
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Add Comments to Your Code

dding comments to your code can help you develop functional code more quickly and can help

others understand, maintain, and extend your code. While writing code, add comments freely
describing the code’s tasks and your current approach. Revise the comments as you progress and
change your code. Once the code is working, clean up the comments, removing any development-
related comments and adding any further explanation that is needed or might be helpful.

You can also use the comment character, #, to comment out lines of code to prevent them from
running without removing them from the script.

\ Add Comments to Your Code

0 Open Visual Studio Code, create a new script, ece mmmm.py{ L
and save it under a name of your choice. ® commentsipy x (S
Users > guy > Dropbox > TW/_Python > Code > Comments > & ¢ ents1.py > .
e Type the following statement, which creates a 1 #prompt the user for their “a’“e%
2 u = input("Type your name: ") _
comment, and then press (=0 0: 3

# prompt the user for their name

@ Visual Studio Code displays the comment text in
green to make it easy to see in your scripts.

e Type the following statement, which creates a
variable named u and assigns to it the result of
the input () function, prompting the user for
their name. Press (.01

u = input ("Type your name: ")

Ln3 Col1 Spaces:4 UTF-8 LF Python 3.10.064-bit &' [ |

0 Type the following comment, and then e o ST
press (2 & commentstpy x @9 S
Users » guy > Dropbox > TYV_Python > Code > Comments > € commentsl.py > .
# display the name entered 1 # prompt the user for their name
2 u = input("Type your name: ")
e Type the following statement, which uses the 3 # display the name “-"“‘-”‘-“0
&prmt("\’ou are "+ u + ",")

print () function to display a message that 5
includes the contents of u. Press (Z1].

print ("You are " + u + ".")
@ click Run Python File in Terminal ([>).

The Terminal pane opens.

PROBLEMS ~ OUTPUT  TERMINAL  DEBUG CONSOLE +vo~ X
0 Chck m the Term]nal pane‘ g%\’g::;:’:;;: % Jusr/local/bin/python3 fUsers/guy/Dropbox/TYV_Pytho Python guy
s/commentsl.py [3] Python guy
B Type your name: Will
© Type a name, and then press (Z170. o are il -€©

@ Python displays the message.
42
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Comment Out a Statement and sce comments1oy ooa o
Uncomment It Again @ commentstpy x G
. . . . Users » guy > Dropbox » TYV.\ > Code » Comments > #& commentsl.py > .
o Click at the begmmng of line 2, and then type 1 # prompt the u¥fr for their name
# and a space so the line reads like this: &32’ L SRt TYpe your nane: <@ M
. 4  # display th t d
# u = input ("Type your name: ") 5 pri;?()..a ;enfmi S"ff..)
. . . .. 6
@ Visual Studio Code displays the line in green,
because it is now a comment.
e Click at the end of line 2, and then
press (1.
Visual Studio Code creates a new line. PROBLEMS OUTRUT TERAMAL  DEBUGCONSOLE T~ x
. . guy@ac-Pro-3 ~ % /usr/local/bin/python3 /Users/guy/Dropbox/TYV_Pytho Python guy
e Type the following statement, which creates a 3;52"SéEETESL;E?’ﬁiTT*"‘S"‘“ Python auy
. . . ou are Will.
variable named u and assigns the value Ivy to it. auyeac-Pro-3 -~ 4
u =" IVY" 1
Ln3 Col10 Spaces:4 UTF-8 LF Python 3.10064-bit & 0
Still on the same line, type a comment so the comments1.y =G
line reads like this: @ commentsTey > [ o
Users » guy > Dropb V_Python > Code > Comments > % commentsl.py » .

1 # prompt\Whe user for their name
&u = input("Type your name: ")
# u = "Ivy" # default name for, testing@
# display the name entered 6

3
4
5 print("You are " + u + ".")
6

u = "Ivy" # default name for testing
e Click Run Python File in Terminal ([>).
() The message appears, showing the default name.
G Click in line 2 and press (Co0 0+,
@ Visual Studio Code uncomments line 2.
Note: On the Mac, press ()+(0.
@ Click in line 3 and press (ZE)+ (.

Visual Studio Code comments out line 3.

PROBLEMS OUTPUT TERMINAL DEBUG CONSOLE 4+ o~

n/Code/Comments/commentsl.py

You are Will.
guy@Mac-Pro-3 ~ % /usr/local/bin/python3 /Users/guy/Dropbox/TYV_Pytho
n/Code/Comments/commentsl.py

ou are Ivy.
guy@ac-Pro-3 ~ % []

quy@ac-Pro-3 ~ % /usr/local/bin/python3 /Users/guy/Dropbox/TYV_Pytho Python guy
Type your name: Will Python guy

Ln3, Col16 Spaces:4 UTF-8 LF Python 310.064-bit & 0 |

X

Why does Visual Studio Code automatically enter # at the start of a | What happens if I use two #
new line after a comment? characters at the start of a
Visual Studio Code automatically enters the # character when you press comment?

(520 with the insertion point inside a comment, breaking it to the next The first # character tells Python

comment line, chances are that there is a space to the right of the insertion | so the second # character
point that is causing Visual Studio Code to continue the comment. becomes part of the comment.

line. If this happens when the insertion point is apparently at the end of a | the rest of the line is a comment,
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Grasp Importing Modules and Objects

hen you load Python using the python or python3 command, depending on the operating

system, Python loads its core modules, which provide essential functionality. When you need
further functionality, you can import one or more additional modules, files containing Python code.
For example, when you need to work with directories, such as creating or deleting them, you can
import the os module, which contains methods for interacting with the operating system.

You can either import an entire module by using an import statement or import an individual object
from a package by using a from... import statement.

Understanding What Modules Are and Why Python Uses Them

In Python, a module is a stand-alone file that contains code. Python breaks down code into modules so as
to have multiple smaller files rather than one gargantuan file. These smaller files have various advantages,
such as helping the organization of code by functionality, streamlining the updating of code, and making
code run better on less-powerful systems by avoiding loading items that are not needed.

The main disadvantage of having code in separate modules is that your code must load any modules it
needs. But as you will see, loading the modules is quick and easy.

Import a Module

To import a module, use the import keyword and specify the module name. For example, the following
statement imports Python’s os module, which provides operating system-related commands:

import os

Similarly, if you have created a custom module named acme calculations.py, you can import it by
using the following command:

import acme calculations
Note that you omit the .py file extension from the custom module’s filename in the import statement.

When you import a module of your own like this, navigate to the directory that contains the module first,
and then launch Python from there. Alternatively, you can import the module from a subdirectory of the
directory from which you launched Python. For example, if the acme calculations module is stored in
the £inal subdirectory, specify the subdirectory like this:

from final import acme calculations

44



CHAPTER

Writing and Running Your First Python Code

Access the Contents of an Imported Module

When you import a module like this, you specify the module’s name to access its contents. For example, the
os module’s contents include the path module, which provides methods for working with file-system path
names. After importing the os module, you access the path module like this:

os.path

Similarly, if you have imported the acme calculations module, and it contains a method named
ave product, you access it through the module like this:

acme_calculations.ave product ()

Import an Object from a Module

Instead of importing an entire module, you can import a single object from a module. You might do this if
that object is the only part of the module you will need and you want to be able to refer directly to the
object rather than having to refer to it via the module. Counterintuitively, importing only an object does
not reduce resource usage, as Python imports the whole module into its mapping table; the difference is in
how you refer to the object.

To import an object from a module, begin the statement with the £rom keyword; then supply the module
name, then the import keyword, and finally the object name. For example, the following statement imports
the path module from the os module:

from os import path

After importing a single object like this, you refer to it by its unqualified name, such as path in this case,
rather than via its parent module, such as os.path. Here is an example:

print (path)

If the object you import contains other objects or methods, you can access those objects or methods by
using the name of the imported object followed by a period and the name of the item you want to use.

For example, the path object contains many methods, including os.path.basename (), which returns the
base name of the specified path. After importing the path object, you can access the basename () method
via the path object like this:

path.basename ()

You can also import a nested object on its own. For example, the following statement imports basename ()
from os.path:

from os.path import basename

continued B>
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Grasp Importing Modules and Objects (continued)

he standard way of importing a module or an object adds it to Python’s mapping table, but
Python also enables you to import a module or object under an alias of your choice. Using an
alias can make your code more compact and easier to read.

Because you have not imported the module, you cannot refer to the object via the module. So if you
have imported only the path object from the os module, you cannot use os.path to refer to it; you
must use the unqualified path instead.

Import a Module or Object Under an Alias

When you import a module or an object from a module, you can create an alias for the object. For example,
the following statement imports the module acme gquants derivatives and assigns the alias agd:

import acme quants derivatives as aqgd

You can then use the alias to refer to the module or object. For example, the following statement uses the
aqgd alias to refer to the ohlc () method in the acme quants derivatives module, assigning it to the
variable n:

n = agd.ohlc()

Similarly, you can use the from syntax to import an object from a module under an alias. The following
example imports the version method from the platform module under the alias pv:

from platform import version as os_version

Likewise, you can then use the alias in your code. For example, the following statement uses the print ()
function to display the value of the method aliased as os_version:

print (os_version())
This statement returns information such as the following on a Mac:

Darwin Kernel Version 20.6.0: Mon Aug 30 06:12:21 PDT 2021;
root:xnu-7195.141.6~3/RELEASE X86 64

Using an alias can be useful when you import multiple modules or objects that have the same name or
names similar enough to be confusing. Using a shorter alias can also tighten and streamline your code.
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List the Methods and Variables in a Module or Object

After importing a module or object, you can use Python’s dir () function to list the methods and variables
it contains. For example, if you have imported acme quants derivatives and assigned the alias aqd,
you can list the contents of aqd like this:

dir (agd)

Python returns a list of the contents, such as the following:

['" builtins ', ' cached ', ' doc_ ', ' file ', ' init ', ' Jloader ',
' mname ', ' package ', ' spec_ ', 'export weekly stats', 'five minute
chart', 'import daily stats', 'ohlc', 'statbank', 'two minute chart']

The items whose names start and end with two underscores are built-in Python methods. These are called
dunder methods after the double underscore characters that precede and follow their names.

The items whose names do not use the double underscores, such as import daily stats and ohlc, are
the methods and variables in the module or object.

You access the methods and variables through the alias of the imported object. For example, the following
statement creates a variable named my two minute chart and assigns to it the result of the two
minute chart () method, which it accesses via the agd alias:

my two minute chart = agd.two minute chart ()

Reload a Module

Normally, you do not need to reload a module, because the Python interpreter does not unload modules.
This means the only reason to reload a module is if it has changed since you first loaded it. While possible,
such change in a loaded module is relatively rare.

To reload a module, first use the import command to import the import1ib package:
import importlib

You can then use the reload () method of import1lib to reload the module. For example, the following
statement reloads the module named custi:

importlib.reload (custl)
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Import Modules and Use Their Methods

In this section, you import two Python modules and use the methods they contain. The modules
you import are called os and sys, two of Python’s utility modules. The os module lets you work
with the computer’s operating system, while the sys module enables you to manipulate the Python
runtime environment. You also import objects from platform, another utility module.

To use commands in an imported library, you specify the library’s name followed by the command’s
name. For example, to use the getcwd () method in the os module, you use os.getcwd ().

Import Modules and Use Their Methods ‘

0 Open a terminal window and launch Python.

For example, on Ubuntu, click Show Applications (FE),
type term, and then click Terminal (EH).

@ The Python prompt appears.

e Type the following statement, which uses the import
command to import the os module. Press (1.

import os

e Type the following statement, which uses the getcwd ()
method of the os module to return the current working
directory. Press (Z1].

os.getcwd ()
© Python returns the directory, such as ' /Users/guy'.

Note: See Chapter 4, “Working with Files and Folders,” for more
information about the os module.

0 Type the following statement, which uses the import
command with the as keyword to import the sys module
under the alias rt. Press (Z100.

import sys as rt

e Type the following statement, which uses the print ()
function to display the result of returning the version
property of the object aliases as rt. Press (217

print (rt.version)

@ Python displays the version information, as in the following
example, with the headline number at the beginning:

3.10.0
14:59:20)

(v3.10.0:b494£f5935¢c, Oct 4 2021,
[Clang 12.0.5 (clang-1205.0.22.11)]
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'Y} guy—Pylhun-S?ll7ﬂ
Last login: Tue Apr 12 11:38:20 on ttyseo@

Python 3.10.0 (v3.10.0:b494f5935¢c, Oct 4 2021, 14:59:20)
[Clang 12.0.5 (clang-1205.0.22.11)] on darwin

Type "help", "copyright", "credits" or "license" for more
information.

' Users/guy"
>»>

9

guy@Mac-Pro-3 ~ % python3 |

&p» import osb I
[>>> os.getewd() |

ece guy — Python — 57x27
guy@Mac-Pro-3 ~ % python3

Python 3.10.0 (v3.10.0:b494f5935c, Oct 4 2021, 14:59:20)
[Clang 12.0.5 (clang-1205.0.22.11)] on darwin

Type "help", "copyright", "credits" or "license" for more
information.

>>> dimport os

>>> os.getecwd()

" [Users/guy!'

>>> import sys as rt
&print(rt.version)
3.10.0 (v3.10.0:b494f5935c, Oct 4 2021, 14:59:20) [Clang

12.0.5 (clang-1205.0.22.11)]
>> 1
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@ Type the following statement, which uses the eoe 9uy —Python — 57x27 J
. . (guy@Mac-Pro-3 ~ % python3 L
from keyword with the import command to Python 3.10.0 (v3.10.0:b494f5935c, Oct 4 2021, 14:59:20)
s [Clang 12.8.5 (clang-1205.0.22.11)] on darwin
]mport the SyStem() methOd from the platform Type "help", "copyright", "credits" or "license" for more
module. Press (Z.00. information.
[>>> dimport os
. [ .getcwd
from platform import system T;GSZ;?:“;? 0
. . (>>> dimport sys as rt
0 Type the following statement, which uses the [>>> print(rt.version)
X X 3.10.0 (v3.10.0:b494f5935c, Oct 4 2021, 14:59:20) [Clang
print () function to display the result of the 12.0.5 (clang-1205.0.22.11)]
(>>> from platform import systemo

rDarwin

SyStem () methOd- Press m- m [>>> print(system())

print (system()) >>> I
(© Python displays a term indicating the operating

system: Wwindows for Windows, Darwin for

macO0S, or Linux for Linux.
e Type the following statement, which uses the oo o0y — Python —67%27 J

. . guy@Mac-Pro-3 ~ % python3 s
from keyword with the import command and the g:iﬁa:clzg.o (v3.§g.0?2494f5935c, Oct 4 2021, 14:59:20)
3 [Clang 12.0.5 (clang-1205.0.22.11)] on darwin
?S key[:vord to 1mp0rt tl’:ie lprocdessir ()[ methOd Type "help", "copyright", "credits" or "license" for more
rom the plat form module under the alias cpu. information.
P p [>>> dimport os
Press m (>>> os.getcwd()
'/Uselrs,t’guy'
from platform import processor as cpu . ;'::’::'(:riyfm‘:;;:)
. . 3.10.0 (v3.10.0:b494f5935c, Oct 4 2021, 14:59:20) [Clang
Q Type the following statement, which uses the 12.0.5 (clang-1205.0.22.11)]
. . . (>>> f latf i t t
print () function to display the result of the 55> printisysten())
Darwin
cpu () methOd' Press m‘ (>>> from platform import processor as cpu@

, (>>> print(cpu()
print (cpu()) (i
>>> I

@ Python returns the processor type, such as i386
for an Intel processor or amdke for an AMD
processor.

How do I unimport a module or an object?
You do not normally need to unimport a module or an object. Once you have imported a module or an
object, Python retains access to it until you quit Python.
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CHAPTER 3

Getting Started
with Variables

In this chapter, you learn to work with variables, named areas of memory
that you can use to store data as your apps run. You explore the different
data types Python uses and learn how to use each data type effectively.
Along the way, you create variables by assigning data to them, retrieve data
from variables, change the contents of variables, and determine the data
type of the values assigned to variables.

3 File Edit Selection View Go Run Terminal Help dictionaries11.py - Visual Studio Code

YV_Python » Code > 4 dictionarie:

"Lemon
"Ice Cream
5

i
print("Starters:")
for item in dishes[

PROBLEMS ~ OUTPUT  DEBUG CONSOLE  TERMINAL
Copyright (C) Microsoft Corporation. All rights reserved.

Install the latest PowerShell for new features and improvements! https://aka.ms/PSWindows

PS C:\Users\guy> & "C:/Program Files/Python318/python.exe"” c:/Users/guy/Dropbox/TYV_Python/Code/dict

ionarieslil.py
Starters:

Python 3.100 64-bit. ® 0 A0 In19,Col55 Spaces:4 UTF-8 CRLF Python & Q

10:41 PM

ENG
™M e ™ ~ s &% oz
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Understanding Variables and Their Usage

In this section, you learn the essentials of variables, which are named areas of memory that you
can create for storing data while your Python code runs.

Python supports various different data types, such as integers for whole-number values, Booleans
for True/False values, and strings for words or other sequences of text characters. After creating
a variable, you can assign any type of data to it that Python uses. See the following section,
“Understanding Python’s Data Types,” for details on Python’s data types.

What Is a Variable?

Variable Name Variable Name Variable Name
A variable is an area of . ,
memory in which you can name -{) age <) isOnProbation-«{§
store data. When you Contents Contents Contents
create a variable, you Anna Connor 27 True

give it a name that
enables you to access it Current Data Type Current Data Type Current Data Type
to retrieve or change its str int bool

contents. When your
code runs, Python
allocates a space in memory for each variable.

For example, you might create a variable called name to store an employee’s name (A). The name would
normally be a string of text characters, such as Anna Connor or Bill Ramirez, so the value would
receive the str data type, which Python uses for strings. Similarly, you might create a variable called age
to store the employee’s age in years as a whole number (B). That value would be an integer, so Python
would assign the value the int data type that it uses for integers. Or you might create a variable called
isOnProbation to store the employee’s probation status (C). This variable would store the value True or
the value False, and Python would assign the value the bool data type that it uses for Boolean values.

A Variable Does Not Have a Data Type, But Its Value Does

In Python, variables themselves do not have data types, so you do not specify the data type when you
create a variable. Instead, the value assigned to the variable has a type. So instead of, say, creating a
variable and giving it the int data type, which is for integers, you would create a variable and assign data
of the int data type to it.

This treatment of variables is called dynamic typing and is different from various other programming
languages that enable — or require — you to give each variable a specific data type, a practice called static
typing. For example, Microsoft’s Visual Basic programming language encourages you to declare each variable
explicitly and assign a data type. For instance, Dim intAge As Integer “dimensions” — creates — a
variable called intage that has the Integer data type and will accept only integer data. Such explicit
declarations prevent you from putting the wrong type of data in a variable — trying to do so causes an
error — and from overwriting the variable unintentionally by using the same name later in your code.
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Creating a Variable and Assigning s File Edit Selection View Go Run Terminal Help Variables_1.py - Visual Studio Code
Data tO It % Variables_1.py X

In Python’ you Cl’eate a Van'able and C: » Users >.gu'_y- > Dropbox 2Z¥V_Python » Code > & Variables_1.py » ..
. .. . 1 price = 1254:’

assign data to it in a single statement. >

For example, consider the following line: &"”“ =

4
. 125 5 price = "moderate"lo
price =

This line (A) declares a variable called
price and initializes it by assigning the value 125 to it. This value is an integer, a number with no decimal
component, so Python gives it the int data type.

You can then change the value if needed, as in the following line:
price = 250
This line (B) assigns the value 250 to the price variable.

You can also assign data of a different data type to the price variable. For example, the following line (C)
assigns a string value:

price = "moderate"
Because the price variable does not have a static data type, it accepts the string value without comment.

However, some IDEs display a warning when your code contains this kind of change, because it could
represent an error, as a programmer would not normally change the data type contained in a variable.

Seeing What Data and Data Type a Variable Contains [e o e guy — Python

To see what data a variable contains, you can use the [guy@Mac—Pro=7 ~ % python3
Python 3.10.0 (v3.10.0:b494f5935¢c, Oct

print command to display the contents to the console. For  |13n6-1205.0.22.11)7 on darwin
example, the following line (A) displays the contents of the Type "help", "copyright", "credits" or '
price variable: >>> price = 125

[>>> price = 250
print (price) [>>> price = "moderate"
[>>> print(price)
The print command works fine for values that are text or moderate
can easily be interpreted as text, but trying to print a [>>{ typ?(prfce)o
o 0.9 q Q <class 'str'>
variable containing binary data — for example, an image — |, |

will usually cause problems.

To see what data type the value assigned to a variable has, you can use the type command with the variable’s
name. For example, the following line (B) displays the data type of the value assigned to the price variable:

type (price)

This command returns the value’s class, such as <class 'int's for the int data type or <class 'str's
for the str data type.
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Understanding Python’s Data Types

Python includes various built-in data types designed for handling different types of data
efficiently. For example, Python’s bool data type is designed for storing Boolean data, data that
can be either True or False but no other possible value. Similarly, Python’s str data type is designed
for storing strings of text.

Python’s built-in data types mostly fall into six categories: numerics for numbers; sequences for data
such as lists; mappings for dictionaries, where one item maps to another; classes for creating custom
objects; instances for the objects created with those classes; and exceptions for handling errors.

Understanding How Python Builds on the C Programming Language

The Python programming language is primarily implemented using C, a long-standing and robust
programming language that is still widely used across many industries. C is called a low-level programming
language, which means that it can interface directly with hardware features, lending itself to software and
operating-system development. C is relatively easy to understand but extremely hard to master.

Python is a high-level programming language and includes many built-in features that C does not natively
support, giving you an easier way to harness some of the power of C to develop solutions rather than using
C directly. Python's extensive feature set and capability to run well on many platforms contributes to its
great versatility.

Because Python is built on C, Python’s data types are constructed using combinations of C's data types. For
example, Python includes a data type called set that enables you to store multiple pieces of information in
a single variable — a capability that C itself does not directly provide. Furthermore, some of Python’s more
complex data types are constructed using simpler Python data types.

Understanding the Numeric Data Types
Python provides three main numeric types for handling different kinds of numeric data:

e int. This data type is used for storing integer numbers — numbers that do not have a decimal compo-
nent. For example, 0, 3, 42, and 4817 are all integers. The following section, “Work with Integers,” pro-
vides examples of working with the int data type in Python. Technically, the bool data type for storing
Boolean values is a subtype of int.

e float. This data type is used for storing floating-point numbers, those that have a decimal component.
For example, 9876.54321 is a floating-point number. The section “Work with Floating-Point Values,” later
in this chapter, gives you examples of working with the float data type in Python.
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Understanding the Numeric Data Types (continued)

e complex. This data type is used for storing complex numbers — numbers that consist of a real
component and an imaginary component. Complex numbers have mostly specialized uses beyond the
scope of this book.

Understanding the Sequence Data Types

In Python, a sequence is a set of data that is ordered — in other words, it has a specific order. Some
sequence data types are immutable, or unchangeable, whereas others are mutable, or changeable.

The following list explains the main data types in the sequence category:

e list. This data type contains a sequence of similar items — for example, a list of integers might con-
tain 1, 2, and 3, or a list of strings might contain dog, cat, and snake. Lists are mutable, so you can
change their contents, their order, or both. See the section “Start Working with Lists,” later in this
chapter, for more about this data type.

e tuple. This data type is used to store an ordered sequence of values. The values do not need to be
unique, so a tuple can contain multiple instances of the same value. A tuple is immutable, so you cannot
change its contents or its order once you have created it. See the section “Work with Tuples,” later in
this chapter, for more about this data type.

® range. This data type is used to contain an immutable sequence of integer values — for example, from
1 to 10. Ranges are often used to control the number of iterations in for loops.

e str. This data type is used for storing strings of text. Python considers a string to be an immutable —
unchangeable — sequence of characters. The section “Start Working with Strings,” later in this chapter,
gets you started with the str data type, while Chapter 9, “Working with Text,” shows you the most use-
ful moves with strings.

continued B>
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Understanding Python’s Data Types (continued)

n addition to the sequence data types — 1ist, tuple, range, and str — discussed so far in
this section, Python provides a set data type for storing sets of data. A set is not a sequence
because it does not have a specific order.

Python also provides a single mapping data type, dict, which is used for creating dictionaries. A
dictionary in Python is not a dictionary in the everyday sense, although there are some similarities
between the two: A key in the dictionary maps to a particular value, enabling you to look up that value.

Understanding the Set Data Type

In Python, the set data type enables you to store multiple values in a single variable. The set data type
has the following characteristics:

¢ It contains elements. The elements, also called members, are the discrete objects that make up the set.
e Each element is unique. A set cannot have duplicate elements. By contrast, a list or a tuple can have

duplicate elements.
o It is unordered. The elements in a set have no specific order. This means you cannot refer to an element

in a set by its index or position.
e It is immutable. Once you have created a set, you cannot change its existing items, but you can add
further items to the set if you need to.

The section “Work with Sets,” later in this chapter, gives you an example of creating and manipulating a set.

Understanding the Mapping Data Type

Python’s mapping category contains a single data type, dict, which is used for dictionaries. A dictionary
consists of key/value pairs, with the key in each pair giving you access to set, retrieve, or modify the
associated collection of information in the value.

A dictionary is unordered; you access the data by supplying the appropriate key rather than an index value.
A dictionary is mutable, so you can change its contents after creating it.

The section “Start Working with Dictionaries,” later in this chapter, introduces working with dictionaries.
Chapter 11, “Working with Lists and Dictionaries,” goes into dictionaries in depth.
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Understanding Python’s Classes

In Python, a class is a kind of template you use for creating a new object of a particular type. You can
create a class object to organize the functions and other code in a particular project.

That sounds nebulous, but if you work with office productivity software, you are likely used to a similar
paradigm. For example, if you need to create many memos of the same type in Microsoft Word, you may
create a custom memo template containing the layout and formatting for the memo, and perhaps some VBA
code for automation. That memo template is analogous to a Python class.

Chapter 12, “Working with Classes,” explains how classes work, tells you what classes are useful for, and
shows you how to create a class and put it to use.

Understanding the Instance Data Type

In Python, an instance is an individual object created from a particular class. For example, say you create a
class that contains the functions needed to run a particular data-aggregation and assessment task. When
you want to work on that data, you create an instance of the class — or, to use the formal term, you
instantiate the class.

Continuing the previous example, when you need to produce a memo, you create a new document based on
your memo template rather than using the memo template itself. The document is analogous to an instance
of the template class.

Chapter 12, “Working with Classes,” covers how to create and use instances of your custom classes.

Understanding the Exception Data Type

In Python, an exception is an object representing an error that occurred during code. Chapter 10, “Handling
Errors,” shows you how to work with Python’s built-in exceptions to handle errors when they occur. This
chapter also explains how to create custom exceptions.
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Work with Integers

Python provides the int data type for storing integer values. An integer is a whole number, one with
no fractional component. For example, 1, 7, and 49 are integers, whereas 1%2 and 7.25 are not.

In this section, you use the input () command twice to prompt the user to enter two integers. Each
input () command returns a string that you convert to an integer by using the int () command.
You then use the addition operator, +, to add the numbers; use the str () command to create a
string from the result; and use the print () command to display that string.

Work with Integers

Create the SCI"ipt ] File Edit Selection View Go Run Terminal Help Integers_3.py - Visual Studio Code — o X
. . . % Integers_3.py X B~ @ -
o In Visual Studio Code, create a new script, 1 R e m—

1 steil = inputl(“Enter an integer: | - i |

and then save it.

For example, press (E1)+(), click Select

a Language, and then click Python. Press
(E1)+(E), specify the filename and location,
and then click Save.

Q Type the following statement, which uses the
input () command to prompt the user to
enter an integer and assigns the result to
a variable named strN1:

strN1 = input ("Enter an
integer: ")

Python 3.10.0 64-bit ®O0A0 & Ln1.Col36 Spaces4 UTF-8 CRLF Python & L

e Press (5.2, and then type the following

%) File Edit Selection View Go Run Terminal Help Integers_3.py - Visual Studio Code ~ — [u} X
statement, which prompts the user to P—— Be @ e
enter another integer and assigns it to a B S P -
variable named strN2: 4 ’0
4 dntN2 = int(striz)} T
strN2 = input ("Enter another
integer: ")

O Press (5:2), and then type the following
statement, which uses the int () command
to convert strN1 to an integer and assigns
it to a variable named intN1:

intN1l = int (strN1)

© Press (1), and then repeat step 4, but
this time convert strN2 to an integer and
assign it to intN2:

Python 3.100 64-bit ®OA0 & Ln4,Col 19 Spaces:4 UTF-8 CRLF Python

intN2 = int (strN2)
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G Press (Z:.J, and then type the following
statement, which adds intN1 and intN2,
assigning the result to a variable named
intTotal:

intTotal = intN1l + intN2

0 Press (5.2, and then type the following
statement, which uses the str () command
to convert intTotal to a string:

strTotal = str(intTotal)

e Press (5.2, and then type the following
statement, which uses the strings to
display the calculation and its result:

print (strN1 + "+" + strN2 +
"=" + strTotal)

Run the Script
o Click Run Python File in Terminal ([>).
(@ The Terminal pane opens.

(@ The Terminal pane displays the details
of the code it is running.

The first prompt appears.
e Type a value and press (Z1J.

The second prompt appears.
€© Type another value and press [Zi770.

@ The calculation and its result appear.
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®J File Edit Selection View Go Run Terminal Help Integers_3.py - Visual Studio Code = o X
@ Integers_3py X D~ @ -
€: > Users > guy > Dropbox > TYV_Python > Code > # Integers 3.py > ..

1 steN1 = input(“Enter an integer: ") BT

2 strN2 = input("Enter another integer: ")

3 intNl = int(stril)

4 intn2 = int(strn2)

s intTotal = intN1 + intNl@

6 strTotal = str(intTotal) .l
7 print(stril + "+" + stri2 + "=" + strTotal)@

Python3.10064-bit ®OA0 £

»J File Edit Selecion View Go Run Terminal Help Integers_3.py - Visual Studio Code = a X

Python3.10064-bit ®@0A0 £

% Integers_3.py X |>4

C: » Users > guy  Dropbox > TYV_Python » Code > # Integers_3py > ..
1 strNl = input(“Enter an integer: ") BT
strN2 = input("Enter another integer: ")
intNl = int(strnl}
intN2 = int(strn2)
intTotal = intN1 + inth2 T
strTotal = str(intTotal)
print(stril + "+" + strN2 + "=" + strTotal)

NN R

PROBLEMS ~ OUTPUT  DEBUG CONSOLE TERM\NA,@ 1&f Python Debug Console +~ [ @ ~ X

Copyright (C) Microsoft Corporation. All rights reserved.
Install the latest PowerShell for new features and improvements! https://aka.ms/PSWindows

PS C:\Users\guy\Dropbox\T¥V_Python\Code> & 'C:\Program Files\Python31@\python.exe' 'c:\Users\guy
\.vscode\extensions\ms-python. python-2821.18.1365161278\pythonFiles\ L thon\debugpy\launcher
‘52281 C--" 'c :\User‘s\guy\Dr‘upbux\TWﬁPython\CDde\Integer‘s}.py%

nter an integer: 125

Enter another integer: 255

125+255=388

PS C:\Users\guy c ox\'leythnn\tndyl

In7 Col44 Spaces:4 UTF-8 CRLF Python &

What does the + operator do in Python?

mathematical operators and other operators.

With numerical values, Python uses the + operator for addition. For example, 1 + 2 adds 1 and 2,
returning 3. See Chapter 5, “Working with Python’s Operators,” for more information about Python’s

With strings, Python uses the + operator for concatenation, which means joining the strings together. For
example, "after" + "noon" joins after and noon, returning afternoon. When concatenating strings, you
will often need to add spaces or punctuation between them.
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Work with Floating-Point Values

Afloatfng—point value is a value that includes both an integer part and a decimal part, such as
6.155 or 0.1. In Python, floating-point values are often called floats.

A floating-point number’s value is represented in binary using two components, a mantissa and an
exponent. The mantissa stores the binary value for the number, whereas the exponent specifies the
position of the decimal point in the mantissa. This means that, while a float is an efficient means of
storing a number that includes a decimal point, its accuracy can vary.

Work with Floating-Point Values

0 In Visual Studio Code, create a new script, and
then save it.

For example, press (€{)+(1]), click Select

a Language, and then click Python. Press
(E1)+ (=), specify the filename and location,
and then click Save.

SQ File Edit Selection View Go Run Terminal Help floats11.py - Visual Studio.. — m] X

% floats11.py % [T | e

C: > Users > guy > Dropbox > TYV_Python > Code > % floats11.py > ..
1  degF = input(“Enter the Fahrenheit temperature: ")0 —

2 result = degF + " degrees Fahrenheit is "]

e Type the following statement, which prompts
the user to enter the Fahrenheit temperature,
assigning the result to the variable degF:

degF = input ("Enter the Fahrenheit
temperature: ")

e Press (211 and type the following statement,
which assigns the input () command’s string and
explanatory text to a variable named result: Python 3100 64-bit. @O0AD & In2,Col4? Spaces4 UTF-8 CRLF Python &

result = degF + "degrees
Fahrenheit is "

o Press (5] and type the following statement,
which converts the input () command’s string
to a float data type:

% flosts11.py % B~ M -

C: > Users > guy > Dropbox > TYV_Python » Code > # floats11.py > ..
1  degF = input("Enter the Fahrenheit temperature: ™)

2 result = degF + " degr Fahrenheit is "
3 degF = -Fluat(degF)@
degC = degF - 32 i

degC = degC * !

degF = float (degF)

e Press (527 and type the following statement,
which subtracts 32 from the float value in
degF and assigns the result to the variable
named degcC.

degC = degF - 32

Press (=11 and type the following statement,
which multiplies the value in degcC by 5:

Python 3.10064-bit @®0A0 & Ln5Col 16 Spacesi4 UTF-8 CRLF Python & 0O

degC = degC * 5
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0 Press (=) and type the following statement,
which divides the value in degc by 9:

degC =
e Press (=] and type the following

statement, which rounds the degc value
down to one decimal place:

degC / 9

degC = round(degC, 1)

Q Type the following statement, which derives
a string from the degc value and adds that
string and further explanatory text to the
existing string in the result variable:

result = result + str(degC) + "

degrees Celsius."

@ Press (527 and type the following

] File Edit Selection View Go Run Terminal Help floats1l.py - Visual Studio... — | X

@ floats11.py X P M -
C: > Users > guy > Dropbox > TYW_Python > Code > # floats11.py » ...

1 degF = input(“"Enter the Fahrenheit temperature: ") i

2 result = degF + " degrees Fahrenheit is "

3 degF = float(degF)

4 degC = degF - 32

5 degC = degC * 5

6 = degC / @ =

round(degC,1)

degC
&degc =
8 result

Python3.10064-bit @ 0A0 £

= result + str(degC) + "

degrees Celsius. 0

Ln8 Col 50 Spaces:4 UTF-28 CRLF Python

statement, which uses the print ()
command to display the contents of the
result variable:

print (result)
) Click Run Python File in Terminal ([>).
@ The Terminal pane opens.

@ The Terminal pane displays the details of
the code it is running.

The first prompt appears.
The input () prompt appears.
@ Type a Fahrenheit temperature and press (=..).
@ The result appears.

] File Edit Selection View Go Run Terminal Help floats1l.py - Visual Studio... — | X

@ floats11.py X w w ([0 ==

C: > Users > guy > Dropbox > TYV_Python > Code > # floats11.py > ..

1 degF = input(“"Enter the Fahrenheit temperature: ") EE_V

2 result = degF + " degrees Fahrenheit is "

3 degF = float(degF)

4 degC = degF - 32

5 degC = degC * 5 b
6 degC = degC / ©

7 degC = round(degC,1)

8 result = result + (degC) + " degrees Celsius.”

9 print(result)@

PROBLEMS ~ OUTPUT  DEBUG CONSOLE TERM\NA,ﬂﬂhur Debug Console + ~ [ 0 ~ X

Install the latest Powershell for new features and improvements! https://aka.ms/PSWind
aus

PS5 C:\Users\guy\Dropbox\TYV_Python\Code> & 'C:\Program Files\Python31@\python.exe' 'c
:\Users\guy\ . vscode\extensions\ms-python. python-2021.18.1365161279\pythonFiles\lib\pyt

hon\debugpy\launcher® '58084" '--* 'c:\USePEuy\Dmpbox\TW_Python\Code\FlDats11.py'
Enter the Fahrenheit temperature: 28.4

08.4 degrees Fahrenheit is 36.9 degrees Cslsiu54
PS C:\Users\guy\Dropbox\TYV_Python\Code> I

Python3.10064-bit @ 0A0 £

Ln9,Col 14 Spacess4 UTF-8 CRLF Python & 0O

Can you write the calculation using fewer lines?

A more condensed version of this calculation is degc

Yes — you can write the calculation in a single line, and doing so is more efficient. This example shows the
calculation steps on separate lines for ease of reading.

While condensing code is generally helpful, make sure your code is readable to anyone who will need to
work on it. If in doubt whether your code is readable,

= (degF - 32) * 5 / 9.

document it by adding comments.
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Work with Boolean Values

Boolean value has only two possible states: True and False. The keywords True and False
must use an initial capital followed by lowercase letters; other casing causes errors.

Boolean values are useful for checking status and making decisions in code. You can use the bool ()
function to determine whether a particular value is True or False. For example, if a particular value
is True, the code takes certain actions; otherwise — since that value must be False — the code
takes other specific actions. You can use the logical operators and, or, and not to create complex
Boolean expressions.

Work with Boolean Values

o Open a terminal window and launch Python. 0‘“’”’“””’“”"“”‘“""3 - o x
C:\Users\Guy>python3
(@ The Python prompt appears. Python 3.9.7 (Lags/v3.9.7:1016ef3, Aug 30 2021, 20:19:38) [M
SC v.1929 64 bit (AMD64)] on win32 | o . i
e Type the following statement, which creates s helbiSc oot o Siehentit i oE R o s ihote 0
a variable named number1 and assigns the &;‘:; e cdnd 130
value 10 to it, and then press (F104: > -

numberl = 10

9 Type a similar statement to create a variable
named number2 and assign the value 10 to
it too, again pressing (Fi1J to complete the
command:

number2 = 10

e Type the following statement and press
(Z17) to display the result of testing

B Command Prompt - pythen3 - o x

whether numberl equals number2: s
C:\gserg\gu¥>%yth0?33 9.7:1016ef3 30 2021, 20:19:38) [
. __ Python 3.9. tags/v3.9.7: ef3, Au . :19: M
print (numberl==number2) <t V1920 64 bit (AMDEA)] on win32 -
¥ype "help", "copyright", "credits" or "license" for more in
. J— ] t .
Note: Python uses == to compare equality. It >g;’"gw‘nggrl e
_ . . . >> 2 =10
uses = for assigning values, as in step 3. 2 :llilr{ln%r(-numbeﬂ::numberzw
‘:»TJ"UE
© Python returns True, the Boolean result for B2 pintusbetnunbert )
the comparison. i
Type the following statement and press
(510 to display the result of testing
whether number?2 is greater than numberi:
print (number2>numberl)
(@ Python returns False, the Boolean result
for the comparison. v
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B Command Promgt - python3 - O x

@ Type the following statement and press (5127 to
create a variable named are_numbers_equal and
assign to it the result of testing whether number1
equals number2:

Ic:\Users\Guy>python3

Python 3.9.7 (tags/v3.9.7:1016ef3, Aug 30 2021, 20:19:38) [M
[SC v.1929 64 bit (AMD64)] on win32

Type "help"”, “copyright"”, "credits" or "license" for more in
formation.

>> numberl = 10

p>> number2 = 10

>> print(numberl==number2)

[True
>> print(number2>numberl)

are_numbers_equal = numberl==number?2 il
e s st - nvernser: o)
0 Type the fOI.I.OWing Statement and press m to 0:51‘3;?ir‘ai‘é::‘l;inumbers_equﬂ)
display the type of the are numbers equal e
variable:

type (are_numbers_equal)

() The type appears. 4
. B Command Prompt - =} x
© Type the following statement and press (Z7) to R .
& >
display the value of the are numbers equal (I A Dt [
. Type "help™, "copyright”, "credits” or "license" for more in
Vaﬂable: [formation.

>> numberl = 10

>> number2 =h10 5
: >> print(numberl==number2

print (are numbers equal) 2 sl )

- - b>> print(number2>numberl)

False

>> are_numbers_equal = numberl==number2

>> type(are_numbers_equal)

class 'bool'>

( The value appears.

. p>> print(are_numbers_equal)
0 Type the f0|.|.0W1ng Statement and pl’eSS m to T;:earg_qumbers_eguﬂ = nu!I: are, bers_equa@
toggle the value of the are numbers equal &Fﬁsﬁ”_" et ] "% ;
- - B>> qui if are_numbers_equa alse else print(are_numl
. quit() if b qual Fal 1se print( b
variable: rs-cqua

IC:\Users\Guy>_2
are_numbers_equal = not are_numbers_
equal x

@ Type the following statement and press (51 to

@ Type the following statement and press (5127 to

display the value of the are numbers equal
variable:

print (are numbers equal)

compare the are numbers equal variable to
False; to quit Python if they match; and, if not,
to display the value of are numbers_ equal:

quit () if are numbers equal == False

G The value appears. else print (are_numbers_equal)
Python quits.
(@ The terminal’s standard prompt appears.

Which values evaluate to the Boolean False?
Python returns a Boolean False value for the following values:

® The value False or the value None

e The number zero, 0

e An empty string, empty list, empty tuple, or empty dictionary

Python returns a Boolean True value for all other values. True has a numeric value of 1.
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Work with Tuples

ython provides several data types that are sequences, including tuples, lists, strings, and sets. A
tuple is a variable that stores an ordered sequence of values. Unlike a list, whose contents and
order you can change, a tuple is immutable, so you cannot change its contents or its order. Unlike a
set, a tuple can contain multiple instances of the same value. Tuples are useful for grouping related

information that you want to be able to use as a single item.

In this section, you use a terminal window to create and manipulate tuples.

Work with Tuples

@ Open a terminal window and launch Python. s S <) 1
guy@Mac-Pro-3 ~ % python3 L
OThe Python prompt appears. Python 3.9.6 (v3.9.6:db3ff76dal, Jun 28 2021, 11:49:53)

[Clang 6.0 (clang-6080.0.57)] on darwin
. . Type "help", "copyright", "credits" or "li e" for more information.
o Type the following statement, which creates &»» offices = c"manta","sriageport",\ﬁ
. "Chicago","Chicago","Denver")

a variable named of fices and assigns to it s 1l
a tuple of five cities, and press (2100

offices = ("Atlanta", "Bridgeport",\
"Chicago", "Chicago", "Denver")

Note: You can create an empty tuple by placing
a pair of parentheses with no contents after
the tuple’s name — for example,
myEmptyTuple = ().

e Type the following statement, ece auy — Python —70x23 J
which displays the tuple’s guy@Mac-Pro-3 - % python3 I=
Python 3.9.6 (v3.9.6:db3ff76dal, Jun 28 2621, 11:49:53)
contents, and press (Z100: [Clang 6.0 (clang-600.0.57)] on darwin
Type "help", "copyright", "credits" or "license" for more information.
print (offices) >>> offices = ("Atlanta","Bridgeport",\ |

: : : ‘Atlanta', 'Brid £
contains only a single item, you o B e

must use a trailing comma, a
comma placed after the item. For
example, mySingleTuple =
(1,) creates a tuple containing
only the value 1.

[ "Chicago","Chicago","Denver") |
Note: When creating a tuple that oi»m print(offices) 1
'Chicago', 'Chicago', 'Denver' )0

(@ The tuple’s contents appear.
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O Type the following statement, which displays soe = sur—Prihon—70m23 i
o . . guy@Mac-Pro-3 ~ % python3
the first item in the tuple, and press m: P;zhon 3.9.6 (va.s.z:dbafﬁedal, Jun 28 2021, 11:49:53)

[Clang 6.0 (clang-600.0.57)] on darwin
Type "help", "copyright", "credits" or "license" for more information.
>>> offices = ("Atlanta","Bridgeport",\

. "Chicago","Chicago","Denver")

@ The first item appears. >>> print(offices)

('Atlanta', 'Bridgeport', 'Chicago', 'Chicago', 'Denver')

. . >>> print(offices[0]
e Type the following statement, which uses &-m.-ma

print (offices[0])

the len () function to return the number o7 pﬁnmen("fﬁ:es”ﬂ
of items in the tuple, and press (Z15): 6” .

print (len(offices))
() The number of items, 5, appears.

G Type the following statement, which
displays the number of instances of the

item "Chicago" in the tuple, and then ece Fouy - zsh - 70622 J
guy@Mac-Pro-3 ~ % python3 -
press m: Python 3.9.6 (v3.9.6:db3ff76dal, Jun 28 2021, 11:49:53)
[Clang 6.6 (clang-600.0.57)] on darwin
Type "help", "copyright", "credits" or "license" for more information.

print (offices.count ("Chicago")) 53> offices = ("Atlanta®,"Bridgeport",\

. "Chicago","Chicago","Denver")

] n : n ';>> print(offices)
G The number of instances of Chicago", 2, ('Atlanta', 'Bridgeport', 'Chicago', 'Chicago', 'Denver')
appears. >>> print(offices[0])
Atlanta
. . >>> print(len(offices))
0 Type the following statement, which uses 5
[>>> print(off"lces.count("Ch'icagO"))0
the del command to delete the tuple, 2

t>>> del offices

and then press (Z127): [>5> print(offices)
Traceback (most recent call last):

3 File "<stdin>", line 1, in <module>
del offices : ! 0

NameError: name 'offices' is not defined
22>

QYP

e To verify that the tuple is gone, type the
following print command, and then press

print (offices)

(@ Python returns an error because the tuple no
longer exists.

Can I add items to or remove items Why would I create an empty tuple?

from a tuple? You might create an empty tuple to indicate that no data
Technically, no, because the tuple is was available for a particular item or category. For example,
immutable. However, you can achieve the if you were creating one tuple for each of 20 categories,
same effect by converting the tuple to a having empty tuples where no data was available might be
list, adding or removing the items, and helpful. Otherwise, if you were creating only a single tuple,
then converting the list back to a tuple. creating it with no data would be largely useless.
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Work with Sets

ython’s set data type enables you to store multiple values in a single variable. A set is a

collection of objects, usually called elements or members. Each element must be unique in the
set, without duplicates, unlike in a tuple, which can have duplicates. Also unlike a tuple, a set is
unordered — that is, it has no specific order. A set is immutable: After creating a set, you cannot
change its existing items, but you can add further items as needed. In this example, you use a set to

remove duplicate values from a tuple.

Work with Sets

0 In Visual Studio Code, create a new script,
and then save it.

For example, press (&{)+(1), click Select a
Language, and then click Python. Press
(E1)+(5), specify the filename and location,
and then click Save.

o Type the following statement to create a variable
named mySet and assign an empty set to it:

mySet = set ()

e Press (5127, and then type the following
statement to create a variable named myTuple
and assign to it various numbers, including
duplicates:
myTuple = (1,1,1,1,1,2,2,2,2,3,\

3,3,3,4,4,4,4,5,5,5,6,6,7)

O Press (5], and then type the following
statement, which uses the update method to add
the unique values from myTuple to mySet:

mySet .update (myTuple)
e Press (5], and then type the following
statement, which displays the text myTuple:,

a space, and a string containing the contents of
myTuple:

print ("myTuple: " + str (myTuple))

66

1 : » Users > guy > Dropbox > TYV_Python > Code > & sets3.py > ...

®] File Edit Selection View Go Run Terminal Help  sets3.py- Visual Studio C.. — o X

@ setsapy X >~ M -

A, myset = set()l o 1

Python3.10.0 64-bit R0 A0 £

) File Edit Selection View Go Run Terminal Help setslpy - Visual Studio C.. — a X

P setsdpy X

C: > Users > guy > Dropbox > TYV_Python > Code > # sets3.py > ..

1 mySet = set() —
2 myTuple = (1,1,1,1,1.2;2,2;2,3:\0
E] 3,3,3,4,4,4,4,5,5,5,6,6,7)

4 ySet.update(myTuple) 'I
5 print("myTuple: " + str(myTuple))

Python 3100 64-bit ®O0A0 &

Ln5, Col 34 Spacess4 UTF-8 CRLF



G Press (5.2, and then type the following
statement, which displays a blank line in
the output:

print ()

0 Press (Z:.1], and then type the following
statement, which displays the text
mySet :, a space, and a string containing
the contents of mySet:

print ("mySet: " + str(mySet))

Note: The print () statements for myTuple
and mySet use the str () function to cast
the contents of myTuple and mySet to
strings because the first item printed is a
string. Using print ("mySet: " +
mySet) causes an error from trying to
concatenate a string and a set.

@ Click Run Python File in Terminal ([>).
Visual Studio Code runs the script.
(@ The contents of myTuple appear.
(@ The contents of mySet appear.

You can see that mySet contains only the
unique elements from myTuple — all the
duplicates are gone.
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®J File Edit Selection View Go Run Terminal Help  setslpy- VisualStudioC.. — O X
P setsdpy X [B s [T e==
C: » Users > guy > Dropbox > TYV_Python > Code > # sets3.py > ..
1 mySet = set() B

2 myTuple = (1,1,1,1,1,2,2,2,2,3,\
3 3,3,3,4,4,4,4,5,5,5,6,6,7)

4 mySet.update(myTuple)
5

print("myTuple: + str(myTuple))
@pr‘int() -I
7 print("mySet: " + str(mySet})w

Python 3.10064-bit ®O0AD £

) File Edit Selection View Go Run Terminal Help  sets.py- Visual Studio C.. — O X

P osets3py X &DV m -

C: > Users > guy > Dropbox > TYV_Python > Code > 4 sets3.py > ..
1 mySet = set() B
2 myTuple = (1,1,1,1,1,2,2,2,2,3,\
3 | 3,3,3,4,4,4,4,5,5,5,6,6,7) L
4 mySet.update(myTuple)
5 print("myTuple: " + str(myTuple))
6 print()

7 print("mySet: " 4 str(mySet))

PROBLEMS  OUTPUT  DEBUG CONSOLE  TERMINAL [ python 4+~ [M @ ~ X

Copyright (C) Microsoft Corporation. All rights reserved.

Install the latest PowerShell for new features and improvements! https://aka.ms/PSWind
ous

PS C:\Usershguy> & "C:/Program Files/Python31@/python.exe” c:/Users/guy/Dropbox/TYV_Py
‘thon/Code/sets3.py

mySet: {1, 2, 3, 4, 5, 6, 7}0
ps C:\Usersiguy> |

Python 3100 64-bit ®O0AD &£ Ln4,Col 22 Spacess4 UTF-8 CRLF Python & 0

How do I create a set with contents?

set (testMarks).

You can create a set with contents in either of two ways. First, put the set’s items inside braces, separated
by commas — for example, fruitSet = {"apricot", "berry", "cucumber"}. Second, use the set ()
function, as in the main text, to create a set from a list or a tuple. For example, if you have a list called
testMarks that contains duplicate values, you could create a variable named uniqueMarks and assign to
it a set of the unique values from testMarks by using the command uniqueMarks =
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Start Working with Strings

To store and manipulate text in your scripts, you use strings. In Python, a string is an immutable
sequence of characters, so once you have assigned a string to a value, you cannot change it. A
string value has the str data type, and you can use the str () function to convert various other
data types to strings.

Chapter 9, “Working with Text,” shows you how to take widely useful actions with strings. This section
provides an introduction to strings. In it, you create and manipulate strings using a terminal window.

Start Working with Strings

Open a terminal window and launch Python. . P
o P \ eoe " 3{

Last login: Mon Sep 27 16:46:16 on ttys@@.

@Mac-Pro-4 ~ % python3
oThe Python prompt appears' ig’:}t’hozczi.;(.’s (v3.9?g:dg;ff76dal, Jun 28 2021, 11:49:53)
[Clang 6.0 (clang-600.0.57)] on darwin
o Type the fouow-ing Statement, WhiCh Cl’eates a Type "help", "copyright", "credits" or "license" for more informa
tion.
variable named str1 and assigns text to it, and o?ii e "I"""S"Y"Q
pr1nt(str1)$
then press (5100 <y 0
strl = "Industry"

Type the following statement, and then press
(E17), to display stri:
print (strl)

() The string appears.

0 Type the following statement, and then press —
& guy — Python — 65x24
m, to create a Second str‘ing: Last login: Mon Sep 27 16:46:1@ on ttys@e3

|[guy@Mac-Pro-4 ~ % python3
Python 3.9.6 (v3.9.6:db3ff76dal, Jun 28 2021, 11:49:53)

str2 = "Assessment" [Clang 6.6 (clang-600.6.57)] on darwin

Type "help", "copyright", "credits" or "license" for more informa
Type the following statement, and then press S e
(79, to display str: o e

[>>> str2 = "Assessment“@
print (str2) &}» print(strz)ﬂ
(Assessment
. >>> strl = strl + g = strl@
@ The string appears. 55 print(strl)ﬂ

Industry Assessmen
>3

G Type the following statement, which uses the +
operator to concatenate, or join, stri and str2,
adding a space between them and assigning the
result to stri. Again, press (Z1C.

strl = strl + " " + str2

Type the following statement, and then press
(E05), to display stri:
print (strl)

() The string appears.
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e Type the following statement, which
uses the £ind method to locate
the position of the space in stri1,
assigning the result to a variable
called intsplit. Press (Z0].

intSplit = strl.find(" ")

9 Type the following statement, and
then press (5127, to display the value
of intSplit:

print (intSplit)
( The value appears.

@ Type the following statement, and
then press (2.1, to create a variable
named strWordl and assign to it
the leftmost characters in str1, up
to the space:

strWordl = strl[0:intSplit]

@ Type the following statement, and
then press (5127, to display the
string in strWordi:

print (strWordl)

(@ The string appears.
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[ XN ] & guy — -zsh — 65x24

Last login: Mon Sep 27 16:46:10 on ttys0e3 5]
(guy@Mac-Pro-4 ~ % python3 ]
Python 3.9.6 (v3.9.6:db3ff76dal, Jun 28 2021, 11:49:53)

[Clang 6.0 (clang-6€0.0.57)] on darwin

Type "help", "copyright", "credits" or "license" for more informa
tion.

(>>> strl = "Industry" ]
(>>> print(strl) I
Industry

(>>> str2 = "Assessment" ]
(>>> print(str2) I
Assessment

[>>> strl = strl + " " + str2 ]

(>>> print(strl) |
Industry Assessment

[>>> intSplit = strl.fipd(" ")@ ]
(>>> pr'int{‘intSpl‘it)é I
8

(>>> strWordl = strl[ﬂ:intSpl‘it]@ ]
>>>

L XN ] [ guy — -zsh —65x24

Last login: Mon Sep 27 16:46:10 on ttys083

guy@Mac-Pro-4 ~ % python3 |
Python 3.9.6 (v3.9.6:db3ff76dal, Jun 28 2021, 11:49:53)

[Clang 6.0 (clang-600.0.57)] on darwin

Type "help", "copyright", "credits" or "license" for more informa
tion.

(>>> strl = "Industry" ]
[>>> print(strl) |
Industry

[>>> str2 = "Assessment" ]
[>>> print(str2) |
Assessment

[>>> strl = strl + " " + str2 ]
(>>> print(strl) |
Industry Assessment

[>>> intSplit = stri.find(" ") |
[>>> print(intSplit) |

8

(>>> strWordl = str1[@:3otSplit] |
(>>> print{str\rlordl)@ |
rIndustry

>>>

Do I use single quotes or double quotes around a string?

In Python, you can use either single quotes or double quotes to delimit a string. For example, you could
assign text to the variable named myString by using either myString = 'sample text' ormyString =
"sample text". Use single quotes if the string contains double quotes, such as myString = 'Text
with "double" quotes'; use double quotes if the string contains single quotes, such as myString =
"Text with 'single' quotes". Otherwise, use whichever you prefer.
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Start Working with Lists

list is a variable that enables you to store multiple items of the same type or of different types.

The list contains an index that enables you to set or retrieve the individual items. Technically, a
list is a mutable sequence, so you can change the order of its items, add and remove items, sort the
items, and so on.

Chapter 11, “Working with Lists and Dictionaries,” shows you how to work with lists. This section
gives you a preview in which you create a list, add items to it, and return items from it.

Start Working with Lists

0 In Visual Studio Code, create a new script, and then
save it.

=

File Edit Selection View Go Run Terminal Help lists2py - Visual Studio C.. — o X

® lists2py X D@
C: > Users > guy > Dropbox > TYV_Python > Code > 4 lists2.py >
1 names - ["nnna","Ei]l"J"Early"."Demnis"]@ |

2 print(names[a]!

PROBLEMS ~ OUTPUT  DEBUGCONSOLE  TERMINAL [ Python 4~ M @0

windows PowerShell
Copyright (C) Microsoft Corporation. All rights reserved.

For example, press (£1)+(), click Select a Language,
and then click Python. Press (57)+(5), specify the
filename and location, and then click Save.

e Type the following statement, which creates a
variable called names and then assigns a list
of four names to it:

3 Install the latest PowerShell for new features and improvements! https://aka.ms/PSWind
names = ["Anna", "Bill", "Carly", o
np Fan . ; .
ennis PS C:\Users\guy> & "C:/Program Files/Python318/python.exe” C:/Users/guy/Dropbox/TYV_Py
thon/Code/1ists2.py
4nna
Ps C:\Users\guy> |

e Type the following statement, which displays
the first item in the list:
%] File Edit Selection View Go Run Terminal Help lists2py - Visual StudioC.. — a X

print (names[0]) @ lsuzpy X @

O Click Run Python File in Terminal (3>).

Ln2,Col16 Spaces:4 UTF-8 CRLF Python & 0

1 names = ["Anna","B ,"Carly”,"Dennis"]
ames . append (" Frank’, 1
3 print(names[4])

The Terminal pane opens.

@ The first list item appears. See the tip for
information about the numbering.

© click Kill Terminal (fi).

Visual Studio Code closes the Terminal pane.

PROBLEMS ~ OUTPUT  DEBUG CONSOLE  TERMINAL B python +~ @

tindows Powershell
Copyright (C) Microsoft Corporation. ALl rights reserved.

Install the latest PowerShell for new features and improvements! https://aka.ms/PShind
WS

PS C:\Users\guy> & "C:/Program Files/Python318/pythan.exe” c:/Users/guy/Dropbox/TVW_Py
thon/Code/1ists2.py

Frank

ps C:\Users\guy> |

Select the print (names[0]) statement and type
the following statement over it, using the append

method to add an 'item to the names l'ist: 10064-bit @0H0 £ Ln3,Col 16 Spacesid UTF-8 CRIF Python & 0
names . append ("Frank") @ Click Run Python File in Terminal ([>).
@ Press (Z1770 and type the following statement, The Terminal pane opens.

which displays the fifth item in the list: o
(O The fifth list item appears.

© click Kill Terminal (fi).

print (names[4])
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Visual Studio Code closes the Terminal pane.

@ Click at the end of line 2 and press
(Z05]) to start a new line, moving the
print (names [4]) line down from line
3 to line 4.

@ On the empty line 3, type the following
statement, which uses the insert method

to insert an item at position 4 in the list:
names.insert (4, "Emily")

@ Click at the end of line 4 and press (Z1)
to start a new line.

@ Type the following statement, which uses
the remove method to remove the name
Bill from the list:

names.remove ("Bill")

@ Finally, press (311 and type another
print (names [4]) statement:

print (names [4])
@ Click Run Python File in Terminal ([>).
The Terminal pane opens.

@ The first print statement displays the fifth
name, Emily.

() The second print statement displays the
fifth name after removing the Bi11 item,
Frank.

CHAPTER

Getting Started with Variables

) File Edit Selection View Go Run Terminal Help lists2py - Visual Studio C.. — | x

% lists2py X D~ M -
C: » Users > guy > Dropbox > TYV_Python > Code > 4 lists2.py > ...

1 names = ["Anna","Bill","C ", "Dennis"] s
2 names.append("Frank"” )ﬁ

&names.insert(d,"Emily")
4 print(names[4] )I@ L

Python3.10064-bit @O0 AD £ Ln4,Col 16 Spacess4 UTF-8 CRLF Python & 0

) File Edit Selection View Go Run Terminal Help lists2py - Visual Studio C.. — | x

€E>>bvm-~
C: > Users > guy > Dropbox > TYV_Python > Code > # lists2.py > ...

1 names = ["Anna”,"Bill","Carly", "Dennis"] BEETT
2 names.append( "Frank")
3 names.insert(4,"Emily")

4 print(names[4]) Tl
&ﬂames .remove("Bill" !

6 print(names[4]])

@ lists2py X

PROBLEMS. OUuTPUT DEBUG CONSOLE TERMINAL

Epihon +~ M @ ~ X

Windows Powershell
Copyright (C) Microsoft Corporation. All rights reserved.

Install the latest PowerShell for new features and improvements! https://aka.ms/PSkind
ous

PS C:\Users\guy> & "C:/Program Files/Python31@/python.exe” c:/Users/guy/Dropbox/TYV_Py
thon/Code/1ists2.py

c mily
Frank
PS5 C:\Usel 7 |

Python3.10064-bit @O0 AD £

Ln6,Col 16 Spaces:4 UTF-8 CRLF Python & 0

Why is the first list item numbered 0?

Starting to count at 0 rather than 1 is a convention of computing; the technical name is zero-based
numbering. So names [0] is the first item in the names list, names [1] is the second item, and so on.
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Start Working with Dictionaries

In Python, a dictionary is a kind of super-list that allows you to assign collections of information to
names called keys. You use a key to set, modify, or retrieve the associated collection of information.

Chapter 11, “Working with Lists and Dictionaries,” shows you how to work with dictionaries. This
section gives you an introduction to dictionaries. Here, you create a dictionary that contains
information about the dishes offered by a restaurant. The dishes fall into three categories: Starters,
Main Courses, and Desserts. You then display the category of dishes you want to see.

Start Working with Dictionaries

o In Visual Studio Code, create a new script, and then save it. R Fic e vew G Rn - dcewelp Va0 X
# dicticnariesil.py X (S 11 e
For example, press (&1)+(1), click Select a Language, g {@ e
and then click Python. Press (5771+(), specify the filename et mreat : .00

. . 4 “Spring Rolls” : “$4.5a",
and location, and then click Save. Pl s o1 1 oy 50 T
o Type the following statement, which declares a
dictionary named dishes:

dishes = {}

e Press (21 and type the following statements, which
add the category called starters and assign three
items and their prices to it:

Python3.10064-bit @O0AD & n6,Col2 Spacess4 UTF8 CRIF Python & 0
dishes["Starters"] = {
. ®] File Edit Selection View Go Run - dictionaries1.py - Visual Studi.. — o x
"Garlic Bread" : " $3 .00", @ dictionaries11.py X [ ) =
n Sprlng Rollg" . $4 .50", c u;a;j aau Dr{n)"h:h > TVW_Python » Code > # dictionaries11.py > .
1 shes = Ly
" M lishes["Starters”] = e
Soup of the Day" : "32.50" i et | 200,
} a "Spring Rolls” : "34.58",
S “soup of the Day" : "$2.50"
6 )
0 Press (5] and type the following statements, which o [ e
. 9 “Lasagne” : "$10.00",
add the category called Main Courses and assign o ol "ss-sa@
three items and their prices to it: 1 disheslDessercs] -
14 j:Lemn Snr‘?e?"" 'SB;EB",
dishes["Main Courses"] = { oy w;@

"Pizza" : "$7.50",
"Lasagne" : "$10.00",
"Bolognese" : "$5.50"

} Python 3.10.0 64-bit paces: 4 UTF-8 CRLF Python & 0

e Press (=] and type the following statements, which add
the Desserts category, again with three priced items:
dishes["Desserts"] = {

"Mousse" : "$4.00",

"Lemon Sorbet" : "$3.50",
"Ice Cream" : "$2.75"

72




CHAPTER

Getting Started with Variables

0 Press m and type the following ] File Edit Selection View Go Run - dictionaries11.py - Visual Studi..  — u] x
statement, which displays the word # dictionaries11py o
C: » Users > guy > Dropbox > TYV_Python > Code > # dictionaries11.py > ...
Starters and a colon: 1 dishes - {}
2 dishes["Starters”] = {
print ("Starters:") 3 "Garlic Bread” : "$3.e@",
4 "Spring Rolls™ : "$4.5@",
. 5 "S f the Day" : "$2.58"
0 Press (511 and type the following Lo, rmeE
statements, which use a for loop to list P i
3 3 . 9 “Lasagne” "$10.08",
each dish in the Starters category: o | e et
. . . 11 1 L
for item in dishes["Starters"]: 12 dishes["Desserts"] = |
prlnt (" [ 1tem 4+ n.m , 13 "Mousse” : "$4.@8",
° 14 "Lemon Sorbet” : "$3.58",
dishes["Starters"] [item]) 15 "Ice Crean” : "$2.75"
s}
Note: A for loop is a loop that repeats once @zgi";;;fﬁ;;;[.‘stam..]:
for each item in a collection — in this case t [ print(" "+ iten s, ‘”5"“["5“'““"]““"'”@
4
once for each item in the Starters collection
in the dishes dictionary. Chapter 7,
”Repeating Actions with LOOpS," exp[ains for Python 2100 64bit @ O0AD & In19,Col 55 Spaces4 UTF-8 CRLF Python f7

lOOpS in detail. ] rile Edit Selection View Go Run - dictionaries11.py - Visual Studi..  — u] x

% dictionaries11py %

.
Run the Scn pt C: » Users » guy » Dropbox > TYV_Python > Code » # dictionaries11.py > ..

1 dishes = {}

@ Click Run Python File in Terminal ([>). P stsheslsmrens] -
3 Garlic Bread” : "$2.8@",
. 4 "Spring Rolls™ : "$4.5@",
The Terminal pane opens. 5 "Soup of the Day” : "$2.56"
6}
@ The list of starters appears. il N
Q "Lasagne” : "§l1@.8@",
10 "Bolognese” : "$5.58"
1}
PROBLEMS  OUTPUT  DEBUG CONSOLE  TERMINAL [ python 4+~ [M @ ~ X

Install the latest PowerShell for new features and improvements! https://aka.ms/PSWind
ous

PS C:\Users\guy> & "C:/Program Files/Python31@/python.exe" c:/Users/guy/Dropbox/TYv_Py
thon/Code/dictionaries1l.py
Starters:

Garlic Bread: $3.80

Spring Rolls: $4.5@
Soup of the Day: $2.580
ps C:\Usersiguy> ||

Python3.10064-bit @O0 AD £ In19,Col 55 Spacess4 UTF8 CRLF Python £ 0

How do I change the code to display another collection?
In lines 17-19, replace Starters with Main Courses or Desserts, as appropriate. Here is an example:

print ("Desserts")
for item in dishes["Desserts"]

print " " + item + ":", dishes["Desserts"] [item]
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Convert Data from One Type to Another

In your Python programming, you will often need to convert data from one data type to another
so that you can use it the way you want. Python converts some data automatically and provides
functions for converting data manually. For example, you can use the str () function to convert
data to a string, use the int () function to convert numeric data to an integer, or use the float ()
function to convert numeric data to a float, as you have seen so far in this chapter.

This section summarizes the data-conversion functions Python provides and shows examples of using
them.

Understanding Implicit Conversion and Explicit Conversion
Python performs two types of data conversion: implicit conversion and explicit conversion.

Implicit conversion occurs when Python automatically converts an existing value to a different data type to
avoid losing data. For example, if you create a variable named intTest and assign the integer value 1,
Python gives the value the int data type. But if you add a float, such as 3.19, to intTest, Python
changes the value’s data type to float so as not to lose the data that could not be stored in the int data

type.
Explicit conversion occurs when you use a data-conversion function to convert data to a different type, as

explained in this section. Explicit data conversion is also called type casting or simply casting. For example,
you might cast an integer to a float.

Understanding What Kinds of Data You Can Convert

Python’s data-conversion functions are effective and easy to use, but they work only with suitable data. For
example, if the variable strQuantity contains the string data "20" — including the double quotes, which
delimit the string — you can use int (strQuantity) to convert the string "20" to the integer 20. But if
strQuantity contains "Twenty", Using int (strQuantity) returns an error.

Meet Python’s Functions for Converting Data

Table 3-1 summarizes the functions that Python provides for converting data from one data type to another.
You will notice that each function shares the name of the data type to which it converts data. For example,
the bool () function converts data to the bool data type, the int () function converts data to the int
data type, and the tuple () function converts data to the tuple data type.
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Table 3-1 Python’s Functions for Converting Data

CHAPTER

Function Converts To
bool () Any data type A Boolean value, True or False
chr () An integer The corresponding ASCII character
complex () A real number and an imaginary number A complex number
dict () Key/value pairs A dictionary
float () Any data type A float
hex () An integer A hexadecimal string
int () Any data type An integer
ist () A sequence, collection, or iterator object A list
oct () An integer An octal string
ord () A character The corresponding ASCII or Unicode code value
set () A sequence, collection, or iterator object A set
str() Any data type A string
tuple () A sequence, collection, or iterator object A tuple

Examples of Using Python’s Data-Conversion Functions
Here are brief examples of using Python’s data-conversion functions:

® chr (76
number.

) returns L, the ASCII character represented by 76; ord ("L") returns 76, the ASCII character

® bool (1>2) returns False, because 1 is not greater than 2.

® complex(4,7) returns the complex number 4 + 75.
dict Subjects = {1:

"History", 2:

three subjects identified by integer keys.

oct (64
set (myTuple) returns a set containing the unique values from the myTuple collection.
str (45 + 99) returns a string containing 144.
tuple (("shoes",

) returns 00100, the octal value for 64.

"bootg", "waders",

footwear.

"Geography", 3:

float (1 + 1.111) returns a float containing 2.111, rounded.
hex (64000) returns 0x£a00, the hexadecimal value for 64000.
int (47.2536) returns the integer 47.
list (("death", "sickness", "taxes")) returns a list containing those three cheerless nouns.

"sandals")) returns a tuple containing ill-assorted

"Math"} returns a dictionary with
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CHAPTER 4

Directories

In this chapter, you learn to use Python to work with files and directories.
You start by learning the essentials and then move on to navigating between
directories and working with them. You learn how to return information
about the user and system and how to split a file path into its components.
And you gain expertise in opening and closing text files, writing data to
them, and reading their contents.

B Command Promgt - python x [EERE e | x

Python 3.10.2 (tags/v3.10.2:a58ebcc, Jan 17 2022, 14:1

2:15) [MSC v.1929 64 bit (AMD64)] on win32

Type "help”, "copyright"”, "credits" or "license" for m

ore information.

>>> import os

>>> current = os.getcwd()

>>> print(current)

C:\Users\GuyHart-Davis

>>> ff = os.listdir(current)

>>> ff.sort()

>>> print(£f)

['AppData', 'Application Data', 'Contacts', 'Cookies',
'Desktop', 'Documents', 'Downloads', 'Favorites', 'Li

nks', 'Local Settings', 'Music', 'My Documents',6 'NTUS

ER.DAT', 'NTUSER.DAT{d125c38d-88dU-11lec-af14-00155d063

401} .TM.bLf*, 'NTUSER.DAT{d125c38d-88du-11ec-a014-0015

5dee3401} . TMContainere@n000O00AE000OA000] . regtrans-ns '
, 'NTUSER.DAT{d125c38d-88dU-11ec-a014-00155d003401} . TM

Container60000060000000000002.regtrans-ms", 'NetHood',
'OneDrive', 'OneDrive - First Informed Church',K 'Pict

ures', 'PrintHood', 'Recent', 'Saved Games',6 'Searches
', 'SendTo', 'Start Menu',6 'Templates',6 'Videos', 'ntu

ser.‘dat.LDGl', 'ntuser.dat.L0G2', 'ntuser.ini']

>>>

HOL EOSCHB@HEE ~e00 e
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Understanding Working with Files and Directories

his section gives you an overview of how you work with files and directories in Python. To

make sure you are clear on the essentials, we first cover what files and directories are and what
directory paths and file paths consist of. We then introduce you to three key modules you will need
to load at different points during this chapter, briefly discuss the basic structure of a file, and give
you an executive overview of the process of working with text files.

Understanding What Files and Directories Are

A file is a named storage unit on a computer. For example, you might create a text file named cats.txt
that contains textual information about different types of cats. The file has a base name, cats, and a file
extension, .txt. The file extension typically identifies the type of file; . txt normally indicates a text-only
file, as in this example.

A directory, also called a folder, is a special type of file that acts as a container for other files. Python
commands refer to “directory” rather than “folder,” and this discussion follows suit. If a directory contains
other directories, that directory is a parent directory, and the directories it contains are subdirectories or
child directories.

Most computer operating systems provide each user account with a “home” directory that is kept separate
from each other user account’s directories, such as a C:\Users\Aal directory on Windows or a /Users/Ann
directory on macOS. A user’'s home directory typically contains various subdirectories, such as a Desktop
subdirectory and a Pictures subdirectory.

Understanding Directory Paths and File Paths

A directory path or folder path gives the location of a directory. For example, if you are the user Ann and
your home directory on macOS contains a subdirectory called Text, the directory path is /Users/Ann/
Text.

A file path consists of the directory path to a file plus the filename and file extension. For example, if you
are still Ann and you store the file cats.txt in the Text subdirectory in your home directory, the file path
iS /Users/Ann/Text/cats.txt.
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Understanding Three Key Modules for Working with Files and Directories

For working with files and directories, you will typically need to import one or more of the following Python
modules:

® os. The Operating System module, os, includes commands for working with individual files and direc-
tories. For example, later in this chapter, you use os to create and delete individual directories and to
return, slice, and dice file paths.

® glob. The Global module, glob, includes commands for searching for file paths that match the pattern
you specify. For example, in this chapter, you import glob so that you can search using wildcards.

® shutil. The Shell Utility module, shutil, includes commands for taking broad-based actions with files
and directories. For example, later in this chapter, you use shutil to create multiple directories in a
single operation — and to remove a whole directory tree, likewise in a single operation.

To import these modules, you use the import command:

import os
import glob
import shutil

Understanding a File’s Basic Structure
A file typically consists of three sections:

* Header section. This section contains metadata about the file, such as the filename and the file type.

¢ Data section. This section contains the file’s actual contents, such as text for a text file or image data
for a picture.

¢ End-of-file marker. The end-of-file marker, or EOF marker, is a special character that denotes the end of
the file.

Understanding the Essentials of Working with Files

To access a file via Python, you open the file by using the open () function. Opening the file does not open
it in the conventional sense, as you do not see the file’s contents, if there are any; instead, opening the file
returns a file object that enables you to manipulate the file.

Once the file is open, you can read its contents; write new data to the file, either preserving or overwriting
its existing contents; or append new data to the file while preserving its existing contents.

When you finish working with a file, you use Python’s close () command to close the file.
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Load the os Module and List Files and Directories

n this section, you load the os module, which provides methods for working with the file system.
You use the getcwd () method of the os module to return the current working directory. You
then use the 1istdir () method of the os module to return a list of the files and directories in a

specified directory.

You also import the glob module and use its glob () method to return a list of files and directories
using wildcards. This way enables you to return a targeted list of files and directories.

Load the os Module
o Open a terminal window and launch Python.

() The Python prompt appears.

o Type the following statement, which imports the os
module, and then press (Z103.

import os
Python loads the os module.

The Python prompt appears, but there is no other
acknowledgment that Python has loaded the module.

List Files and Directories

o Type the following statement, which creates a variable
named current and assigns to it the result of using
the getcwd () method of the os module. Press (Z177.

current = os.getcwd()

e Type the following statement, which uses the
print () command to display the contents of
current, and then press (Z10):

print (current)

Python returns the directory, such as 'C:\Users\
Guy' on Windows or ' /Users/guy' on mac0S.

6 Type the following statement, which creates a variable
named £f and assigns to it the result of using the
listdir () method of the os module to list the files
in current. Press (1)

ff = os.listdir (current)
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C:\Users\GuyHart-Davis>python

Python 3.10.2 (tags/v3.10.2:a58ebcc, Jan 17 2022, 14:1
2:15) [MSC v.1929 64 bit (AMD64)] on win32

Type "help", "copyright", "credits" or "license" for m

ore information.
0»» import 050
>>> ‘

B Command Prompt - python x + v =, o X

C:\Users\GuyHart-Davis>python

Python 3.10.2 (tags/v3.10.2:a58ebcc, Jan 17 2022, 14:1
2:15) [MSC v.1929 64 bit (AMD64)] on win32

Type "help", "copyright", "credits" or "license" for m
ore information.

>>> import os

>>> current = os.getcwd()
&priﬂt(current)
C:\Users\GuyHart-Davis

>>> ff = os.listdir(current)
>>> ‘
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Type the following statement, which uses the sort () method 8 commmtronet o < R - o0 x
3 3 thon 3.10.2 (tags/v3.10.2:a58ebcc, Jan 17 2022, 1d:1
to sort the contents of ££ in ascending order. Press (Z1773. Y e e e e,
Type "help", "copyright", "credits" or "license" for m
ff.sort ( ) ore information.

>>> import os

. . . >>> current = os.getcwd()
o Type the following statement, which uses the print () >>> print(current)
. . C:\Users\GuyHart-Davis
function to display the contents of ££, and then press (Z13: 227 £ = os List gpgurrent)
>>> . S0I"
. int(£f)
prlnt (ff) &['Apg;;ga' , 'Application Data', 'Contacts', 'Cookies',

'Desktop’, 'Documents', 'Downloads', 'Faverites', 'Li

Python displays a list of the directory’s contents. The following i e e e St
. . . ‘lﬂl}.TM.th', '"NTUSER.DAT{d125c38d-88duU-11ec-af14-0015

example shows an abbreviated version of the list from a 5063401 . THContainer0000ABAGG0000000R0] . regtrans-ms"
. , "NTUSER. DAT{d125c38d-88d4-11ec-a014-00155d003401} . TH
Windows PC. Containe 2.regtrans-ms', 'NetHood',

'OneDrive', 'OneDrive - First Informed Church',6 'Pict
1 1 1 ' ' 1 ures', 'PrintHood', 'Recent', 'Saved Games',6 'Searches

[ AppData ! Appllcatlon Data ! ', "SendTo', 'Sta.m': Menu', '}emplates‘, ‘Vi&eos', 'ntu

'Contacts', ' Cookiesg! , 'Desktop ', ser.dat.LOG1', 'ntuser.dat.L0G2', 'ntuser.ini']

>>> |
'Documents', 'Downloads', 'Favorites',

A B Command Prompt x [ = o\
'ntuser.dat.LOGl', 'ntuser.dat.LOG2', »>» print(current)
' . . C:\Users\GuyHart-Davis
ntuser.ini'] >>> £f = os.listdir(current)
>>> £f.sort()
. . . >>> print(ff)
@ Type the following statement, which imports the glob [*AppData’, ‘Application Data’, 'Contacts', 'Cookies',
'Desktop', 'Documents', 'Downloads', 'Favorites',K 'Li
modul_e’ and then press m‘ nks', 'Local Settings', 'Music', 'My Documents', 'NTUS

ER.DAT', 'NTUSER.DAT{d125c38d-88dU-1lec-a@lu-00155d003
. 401} .TM.bLf', 'NTUSER.DAT{d125c38d-88d4-1lec-a014-00815
1mpo rt g lob 5dee34e1}. TMContainerd@0E000E00000B00RAOL . regtrans—s"
, "NTUSER.DAT{d125c38d-88d4-11ec-a@14-00155d003401} . TH

© Type the following statement, which creates the variable £g e o e
and assigns to it the result of using the glob () method in e e
the glob module to search for files and directories whose @ii;ﬂ‘;{;b'““‘“'"“‘“’"’2" e
names begin with D. - :51:3;;?'91”("0*")0
['Desktop', 'Doc st , 'Donnloads']

>>>

fg = glob.glob("D*")

© Type the following print () statement to display the
contents of £g. Press (Z100.

print (fg)

Python displays the list of items beginning with D, such as
['Desktop', 'Documents', 'Downloads'].

How can I determine which operating How can I tell which version of Python is running
system Python is running on? my code?
First, type the import sys command, The sys module can tell you the version of Python. Type

and then press (Z1.), to import the sys import sys, and then press (Z12], to import the sys module.
module. Next, type sys.platform, and Next, type sys.version info, and then press (Z1). Python
then press (11, to display the value for | returns information such as sys.version info (major=3,
the platform: win32 for Windows, minor=10, micro=4, releaselevel='final',

darwin for mac0S, and 1inux for Linux. | serial=0), which represent Python 3.10.4.
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Navigate Among Directories

P

module to return the path to the user’'s home directory
os module to switch to that directory. You can use the

ython’s os module provides the tools you need to n

avigate among the directories in the

computer’s file system. You can use the expanduser () method of the path object in the os

and then use the chdir () method of the
isfile () method of the os module to

determine whether a particular directory is present; if it is, you can navigate to the directory and

then navigate back up from it.

o Open a terminal window and launch Python.
() The Python prompt appears.

e Type the following statement, which imports the
os module, and then press (1.

import os

(A g

e Type the following statement, which creates a
variable named thisdir and assigns to it the
result of using the getcwd () method of the os

module. Press (Z107.

thisdir

os.getcwd ()

0 Type the following statement, which uses the
print () function to display the contents of
thisdir. Press (Z120.

K ) “—-guy—python—ssnzs{

[guy@Mac-Pro-2 ~ % python3

Python 3.10.0 (v3.10.0:b494f5935¢c, Oct 4 2021, 14:59:2
0) [Clang 12.0.5 (clang-1205.0.22.11)] on darwin

Type "help", "copyright", "credits" or "license" for mo
re information.

>>> import os

(>>> thisdir = os.getcwd()

>>> i

o

print (thisdir)
Python displays the current directory.

o Type the following statement, which creates a
variable named homedir and assigns to it the
result of using the expanduser () method of
the path object in the os module. Press (7).

homedir os.path.expanduser ("~")

Note: The expanduser () method here takes the
argument ~, which represents the current user's home
directory.

e Type the following statement, which uses the
chdir () method of the os module to change
directory to homedir. Press (Z104.

os.chdir (homedir)

e0ce
lguy@Mac-Pro-2 ~ % python3

Python 3.10.0 (v3.10.0:b494f5935c, Oct 4 2021, 14:59:2
@) [Clang 12.0.5 (clang-1205.0.22.11)] on darwin

Type "help", "copyright", "credits" or "license" for mo
re information.

(>>> dimport os

" guy — Python — 55x25

>>> thisdir = os.getcwd()
print(thisdir)

/Users/guy/Music/Music/Music
[>>> homedir = os.path.expanduser("~")

[>>> os.chdir(homediri

>>> i

o
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o Type the following statement, which uses the getcwd () sce oy —Python —55x25 J
([guy@Mac-Pro-2 ~ % python3 =
method of the os module, and then press m: Python 3.10.0 (v3.10.0:b494f5935c, Oct 4 2021, 14:59:2
@) [Clang 12.0.5 (clang-1205.0.22.11)] on darwin
os .getcwd () Type "help", "copyright", "credits" or "license" for mo
re information.
. . . (>>> dimport os ]
Python displays the current working directory, such as >>> thisdir = os.getcwd() 1
. (>>> print(thisdir) |
'C: \\UserS\\Ted' on W]ndOWS or' /Users/guy' /Users/guy/Music/Music/Music
on mac0S. See the tip for an explanation of the use of \\.  [}}7 fomedir = os.path.expanduser ("-") ]

[>>> os.chdir(homedj |
. . . [>>> os.getcwd()# |
e Type the following two-line if statement, which uses the - J
isdir () method of the path object in the os module (... os.chdir("Pictures") \
to determine whether the Pictures directory exists &5 1
in the current directory and changes directory to it if it

does. Press (Z1] at the end of each line, and then press

(5117 again to end the statement.

if os.path.isdir ("Pictures") :
os.chdir ("Pictures")

ece 0 guy — -zsh — 55x25 J
N .1 d h d l.' f h . b f guy@Mac-Pro-2 ~ % python3 =
Ote' n ent t e secon mne o t e lf Statement y our Python 3.10.0 (v3.10.0:b494f5935c, Oct 4 2021, 14:59:2
@) [Clang 12.0.5 (clang-1205.0.22.11)] on darwin
Spaces' Type "help", "copyright", "credits" or "license" for mo
re information.
9 Type the following statement, which uses the >>> import os cendl) }
. . 1sdir = os.getcw
dirname () method of the path object in the os [>>> print(thisdir) 1
. /Users/guy/Music/Music/Music
module to return the parent directory of the current (55> homedir = os.path.expanduser ("~") |
k. d. d h . h d f h [>>> os.chdir(homedir) I
working directory, and the chdir () method of the os 55> os. getcwd() |
module to switch to it. Press (Zi0. )

(>>> if os.path.isdir("Pictures"): |
! ! looc os.chdir("Pictures") |
os.chdir (os.path.dirname (os.getcwd())) bac I
[>>> os.chdir(os.path.dirname(os.getcwd())) I
I
|

@ Type the following statement to change to the original Gﬁﬁij;’g:;ﬁf;‘“d"”
directory, and then press m: ' /Users/guy/Music/Music/Music’

2>>

os.chdir (thisdir)

@ Press (L] five times to repeat the os.getcwd ()
statement, and then press (Z11.

os.getcwd ()

Python displays the directory from which you started.

Why does Python show \\ instead of \ in Windows paths?

Python uses the backslash, \, as an escape character, a character that modifies the following character
rather than being executed as itself. Here, \\ represents a single “real” backslash in the path. So the path
that Python shows as C:\\Users\\Ted is really c:\Users\Ted. You might think of \\ as an escaped
escape character.
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Create and Delete Directories

n your code, you will likely need to create directories in which to store files. You may also need to

delete directories that you no longer require.

Python’s os module includes the mkdir () function for creating a single directory. The os module
also provides the makedirs () method, which enables you to create multiple directories at once.
For example, if you give the command os.makedirs (" /home/sam/Pictures/2022/Dec") from
the /home/sam directory, which already contains the Pictures directory, Python creates the 2022

subdirectory and the Dec subdirectory.

Create and Delete Directories

Create Directories
o Open a terminal window and launch Python.

() The Python prompt appears.

9 Type the following statement, which imports the os module, &m thisdir = os.getcwd()

and then press (Z10).

import os

9 Type the following statement, which creates a variable
named thisdir and assigns to it the result of using the
getcwd () method of the os module. Press (Z12).

thisdir = os.getcwd()

O Type the following statement, which uses the print ()
function to display the contents of thisdir.

Press (5120.

print (thisdir)
Python displays the current directory.

o Type the following two-line if statement, which uses the
isdir () method of the path object in the os module to
check whether the TYV_Python directory exists and then
uses the mkdir () method of the os module to create it if
it does not. Press (31 at the end of each line, and press
(=1 once more to end the if statement.

if not os.path.isdir ("TYV_Python") :
os.mkdir ("TYV_Python")

Note: Indent the second line of the i f statement by
four spaces.
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sam@vubuntu: ~ 1

sam@vubuntu:~$ python3

Python 3.8.10 (default, Nov 26 2021, 20:14:0§
[GCC 9.3.0] on linux

IType "help", "copyright", "credits" or "licer
information.

>>> import os

[>>> print(thisdir)
/home/sam
[>>>

sam@vubuntu:~$ python3
Python 3.8.10 (default, Nov 26 2021, 20:14:0

[GCC 9.3.0] on linux

Type "help", "copyright", "credits" or "licer

information.

[>>> import os

[>>> thisdir = os.getcwd()

>>> print(thisdir)

/home/sam

>>> if not os.path.isdir("TYV_Python"):
os.mkdir("TYV_Python")

>>> os.chdir("TYV_Python" )4
>>> ]

G Type the following statement, which

uses the chdir () method of the
os module to change to the Tyv
Python directory. Press (2.

os.chdir ("TYV_Python")
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o Type the following statement, which uses the = ssm@uubuntic -
getcwd () method of the os module to return sam@vubuntu:~$ python3
. . Python 3.8.10 (default, Nov 26 2021, 20:14:08)
the current working directory, and then press [GCC 9.3.0] on linux
m. Type "help", "copyright", "credits" or "license" for more
° information.
>>> import os
os.getcwd () b>> thisdir = os.getcwd()
>>> print(thisdir)
1 1 1 /home/sam
Python displays the directory path, such as '/ DT e i e e
home/sam/TYV_Python'. e os.mkdir("TYV_Python")
e Type the following statement, which uses the &”32:;23%&33’”—"““°""’
listdir () method of the os module to display dhisus e VARVERC NG
. . . . . >>> os.listdir()
a list of the files and directories in the current ] I
. . >>>
working directory. Press [Z15).
os.listdir()
Python displays a list of files and directories
in brackets. If the directory is empty, as it will

be if you just created it, Python displays [1,
indicating an empty list.

sam@vubuntu: ~

sam@vubuntu:~$ python3
Python 3.8.10 (default, Nov 26 2021, 20:14:08)

e Verify visually that the list of files and [6CC 9.3.0] on Llinux
. . . . . Type "help", "copyright", "credits" or "license" for more
directories does not contain a file or directory information.

>>> import os
P>> thisdir = os.getcwd()
>>> print(thisdir)

called Examples.

@ Type the following statement, which uses the /home/sam
. if not .path.isdir("TYV_Python"):
mkdir () method of the os module to create a [ e T e
directory named Examples. Press (Z100. I
, >>> os.getcwd()
os.mkdir ("Examples") ' /home/sam/TYV_Python'

>>> os.listdir()
i c>n
Python create's the.Exampl'es directory but N S Y )@
gives no confirmation that it has done so. P>>

What happens if I try to create a directory that already exists?

Python throws a FileExistsError error, such as FileExistsError: [Errno 17] File exists:
"Temp'. You can write code to handle the error, but usually, it is better to use os.path.isdir () to
check whether a directory exists before trying to create it.

continued P>
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Create and Delete Directories (continued)

ython’s os module includes the rmdir ()
you need to remove multiple files or directories, you can use the rmdir ()

method for removing a single file or directory. When

method in a loop.

Sometimes you may need to remove an entire directory tree — a directory and all its
subdirectories — in a single move. To remove a directory tree, you can import the Shell Utility

module, shutil, and then use its rmtree ()

method.

Create and Delete Directories (continued)

@ Type the following statement, which uses the

makedirs () method of the os module to create a
directory and its subdirectories, and then press (=1 ].

os.makedirs ("Files/Final")

Python creates the directories but gives no confirmation.

@ Type the following statement, which uses the

listdir () method of the os module to display the
directory’s contents, and then press (Z:0].

os.listdir ()

Python returns the list of files and directories, such as
['Examples', 'Files'].

@ Type the following statement, which uses the chdir ()

method of the os module to change to the Files directory.

Press (Z100.

os.chdir("Files")

@ Press (L) twice to repeat the os.1listdir () command,

and then press (Z157):

os.listdir ()

Python displays the list of contents of the Files
directory: ['Final'].

@ Type the following statement to change to the Final

directory, again pressing (Z.03.

os.chdir ("Final")

@ Press () twice to repeat the os.listdir () command,
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and then press (Z000):

os.listdir ()

Python displays the list of contents of the Files
directory: [1 — in other words, nothing.

sam@vubuntu; ~

sam@vubuntu:~$ python3

Python 3.8.10 (default, Nov 26 2021, 20:14:08)

[GCC 9.3.0] on linux

Type "help", "copyright",
information.

>=> import os

>>> thisdir = os.getcwd()

>> print(thisdir)
home/sam

P>> if not os.path.isdir("TYV_Python"):
. os.mkdir("TYV_Python")

"credits" or "license" for more

= os.chdlr( "TYV_Python")
>>> os.getcwd()

' /home/sam/TYV_Python'

>>> os.listdir()

1

>>> os.mkdir("Examples")

[>>> os.makedirs("Files/Final")
@us.listdir()
['Examples', 'Files']

. os.chdir("Files“)@
= |

sam@vubuntu: ~

[GCC 9.3.0] on linux
Type "help", "copyright",
information.

>>> import os

>>> thisdir = os.getcwd()
>>> print(thisdir)
\/home/sam

>>> if not os.path.isdir("TYV_Python"):
os.mkdir("TYV_Python")

"credits" or "license" for more

o> us.chdlr( "TYV_Python")
>>> os.getcwd()

' /home/sam/TYV_Python'

>>> 0s.listdir()

>>> os.mkdir("Examples")

[>>> os.makedirs("Files/Final")
[>>> os.listdir()

['Examples', 'Files']

I>>> os.chdir("Files',
>>> os.listdir()
['Final']

>> os.chdir("Final")

o> us.listdir()w
1

== |
Note: Use os.chdir ("..") to move
up one directory. Add /. . for each

additional directory level — for example
use os.chdir("../../..") to move
up three levels.
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Q Type the following statement, which uses the chdir () method with ; I ——
the argument . . /. . to move up two directories. Press (Z.000.

>>> import os
>>> thisdir = os.getcwd()

: n n >>> print(thisdir)
os.chdir("../..") s
. >>> if not os.path.isdir("TYV_Python"):
@ Type the os.getcwd () command again, and then press (1], ... os.mkdir("TYV Python")
to display the current directory: o>> 0s.chdir("TYV_Python")
>>> os.getcwd()
os.getcwd () ' /home/sam/TYV_Python'

>>> os.listdir()

Python displays the directory path.

>>> os.mkdir("Examples")
>>> os.makedirs("Files/Fipnal")

@ Type the following statement, which displays the contents of the >>> o0s.listdir()
: 'Examples’, 'Files'’
current directory, and then press (Z1703: R et r ("Fiteen)
>>> os.listdir()
os.listdir() ['Final']

>>> os.chdir("Final")

: : .listdir()
Python displays the contents of the TYV_ Python directory, T

3 .chdir("../..")
['Examples', 'Files']. ES gz_;eti‘:d” @
. . h TYV_Python'
@ Type the following statement, which uses the rmdir () method to [Lone/san/TYY_Python
remove the Examples directory. Press (Z1°1.

mn - sam@vubuntu: ~

os.rmdir ("Examples") >>> 0s.chdir("TYV_ Python")
>>> o0s.getcwd()

@ Type the following statement, which imports the shutil module, e

and then press (Z100:

>>> os.mkdir("Examples")
>>> os.makedirs("Files/Final")

import shutil >>> os.listdir()
['Examples', 'Files']
@ Type the following statement, which uses the rmtree () method P> gzﬂ:;girﬁles)
of shutil to remove the Files directory tree. Press (Zi0]. ['Final']
>>> o0s.chdir("Final")
shutil.rmtree ("Files") o os.listdir()

. . . >>> os.chdir("../..")
@ Press () four times to repeat the os.listdir () command, and >>> 0s.getcwd()

then press (Z150: ' /home/sam/TYV_Python'

os.listdir()
os.listdir ()

['Examples', 'Files']
os.rmdir("Examples")
import shutil
shutil.rmtree("Files")

os.listdir( )@

Python displays the directory’s contents: [1 — in other words,
nothing.

Why do I need to use shutil.rmtree () to delete a directory tree?

Python’s os.rmdir () method enables you to delete a directory only if it is empty. If the directory has
contents, Python returns the error 0SError: [Errno 66] Directory not empty. To delete the
directory using os.rmdir (), you must first remove all its contents. By contrast, the shutil.rmtree ()
method can delete the directory and all its contents. The deletion is immediate and permanent, so use
rmtree () with great care.
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Rename, Move, and Copy Files and Directories

Python’s os module and shutil module provide the commands you need to copy, move, and
rename files and directories. The rename () method of the os module enables you not only
to change the name of a file or directory, but also move it to different location by specifying the
appropriate directory. The remove () method of the os module lets you delete a file, whereas the
rmdir () method lets you delete a directory that has no contents.

Rename, Move, and Copy Files and Directories

o Open a terminal window and launch Python.
() The Python prompt appears.

e Type the following statement, which imports the
os module, and then press (Z103.

import os

e Type the following statement, which creates the
variable tdir and assigns to it the path to the
user's home directory plus templ. Press (Z100.

tdir = + "/

templ"

os.path.expanduser ("~")

Note: See the following section, “Get Information
About the User and System,” for information about
the expanduser () method.

o Type the following two-line i f statement, which
uses the 1sdir () method of the path object
in the os module to check whether the tdir
directory exists and then uses the mkdir ()
method of the os module to create it if it does
not. Press (Z11] at the end of each line, and
press (Z10] once more to end the if statement.

if not os.path.isdir(tdir):
os.mkdir (tdir)

Note: Indent the second line of the if statement by
four spaces.

e Type the following statement, which uses the
chdir () method of the os module to change to
the tdir directory. Press (Z103.

os.chdir (tdir)
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A g

eoe 'ﬁmy—wlm—soxzsﬂ

(guy@Mac-Pro-2 ~ % python3
Python 3.10.0 (v3.10.0:b494f5935c, Oct 4 2021, 14:59:20) [C
lang 12.0.5 (clang-1205.0.22.11)] on darwin

=

Type "help", "copyright", "credits" or "license" for more in
formation.
>>> dimport os ]
(>>> tdir = os.path.expanduser("~") + “/templ“{ ]
>>> i

i
eoe [ guy — Python — 60x28

[guy@Mac-Pro-2 ~ % python3

Pythen 3.10.0 (v3.10.0:b494f5935c, Oct 4 2021, 14:59:20) [C
lang 12.0.5 (clang-1205.0.22.11)] on darwin

Type "help", "copyright", "credits" or "license" for more in
formation.

(>>> dimport os

(>>> tdir = os.path.expanduser("~") + "/templ"

(>>> if not os.path.isdir(tdir):

looo os.mkdir(tdir)

looo
[>>> os.chdir(tdir)o
> ]

=
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@ Type the following statement, which uses the eoe = guy— python — 60xz8 1
[ -Pro-2 ~ % python3 =
getcwd () method of the os module to return the E;iﬁ::c;;;.; (ua.i;fo?:wussasc, Oct 4 2021, 14:59:20) [C
. 1 12.0.5 (clang-1205.0.22.11)] darwi
current d]reCtory’ and then pl’eSS m‘ T;:g "help", ﬁ|:::5right", "cred'l'tsgncra::gZEnse" for more 1in
fi tion.
os.getcwd () [>::m?m;::t os |
(>>> tdir = os.path.expanduser("~") + "/templ" I
Python returns the path, such as ' /Users/guy/ e l
looo I
templ'. [>>> os.chdir(tdir) ]
. . (>>> os.getcwd() |
0 Type the following statement, which creates the '/Users/guy/templ'" 0
. . . . . (>>> f1 = open("myfile.txt", "w") |
variable £1 and assigns to it a text file created in the  [>>> ;1.aose() J
. . . 25>
current directory using the open () function. Press
fl1 = open("myfile.txt", "w")
e Type the following statement, which uses the close ()
method to close the £1 file object. Press (1.
fl.close() !
9 Type the following statement, which uses the os. eoe " guy—Python —60x28 L
. . . . , [ = -2 ~ % thon3 JIL
listdir () method to list the d1rect0rys contents, E:zﬁ::c;;;.a (va.;;.e?zwﬂsaasc, Oct 4 2021, 14:59:20) [C
. 1 12.0.5 (clang-1205.0.22.11)] darwi
and then pl’eSS M' T::g "help", ﬁczzgright", "creditsﬁ"ora:;‘::ense" for more in
formation.
os.listdir () [>>> import os ]
(>>> tdir = os.path.expanduser("~") + "/templ" ]
. . . i a Lisdi ir): ]
Python displays the list, such as ['myfile.txt']. [ 17 "0F on-path. ledireain 1
lloao ]
@ Type the following statement, which imports the £ g::;gii;g;;“” {
' : ' /Users/guy/templ’
shutil module, and then press (Z170): e o e ]
. . ( fl.cl 0O 1
import shutil \::: oi.faiiiiro ]
'myfile.txt']
3 3 i t shutil ]
@ Type the following statement, Yvhlch uses the %;:g:;l;pyznmy I ,,copy.txt“)ﬂ J
copy () method of the shutil module to copy oy Xt
myfile.txt to a file named copy.txt in the
same directory. Press (Z100.
shutil.copy ("myfile.txt", "copy.txt")
Python returns 'copy.txt', indicating that -
shutil has copied the file.
What is the difference between shutil.copy () and shutil.copyfile()?
The shutil.copy () method is the standard means of copying a file. It copies the source file to the specified
destination and preserves the file’s metadata in the copy. The shutil.copyfile () method likewise copies
the source file to the destination directory, but does not preserve the file’s metadata in the copy.
continued B>
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Rename, Move, and Copy Files and Directories

(continued)

here is some overlap between the file- and directory-management capabilities of the os module
and those of the shutil module, but generally speaking, the shutil module’s commands are
wider ranging than those of the os module.

The copy () method of the shutil module lets you create a copy of a file, whereas the copytree ()
method of shutil enables you to copy a directory and all its contents. Similarly, the move () method
of the shutil module enables you to move an entire directory tree from one directory to another.

@ Press () three times to repeat the os.1istdir () command, — [F7e =" pm ]
and then press GIT: o i
Type "help", "copyright", "credits" or "license" for more in
os.listdir () formation.

[>>> dimport os

[>>> tdir = os.path.expanduser("~") + "/templ"
|>>> if not os.path.disdir(tdir):

l. os.mkdir(tdir)

Python displays the list, such as ['copy.txt',

|

'myfile.txt']. 553 6s.chair (tdir)
[>>> os.getcwd()
. . '/Users/guy/templ' .
@ Type the following statement, which uses the rename () 22 11 - cpenCayFile. e, )

[>>> os.listdir()

method of the os module to rename the copy . txt file to et
[>>> dimport shutil
spare.txt. Press m. [>>> shutil.copy("myfile.txt", "copy.txt")

|>>> os.rename("copy.txt", "spare.txt")

'copy . txt!
os.listdir()
os.rename ("copy.txt", "spare.txt") @[’cnny.txt', YmyFile. ] @

[>>> os.remove("spare.txt")

@ Type the following statement, which uses the remove () method
of the os module to remove spare. txt, and then press (Zi0.

os.remove ("spare.txt") sce Wy =Fytien—so:28
lang 12.0.5 (clang-1205.0,22,11)] on darwin =
. . Type "help", "copyright", "credits" or "license" for more in
Type the following statement, which uses the mkdir () formation.

»>> tdir = os.path.expanduser("~") + "/templ"

]
method of the os module to create a subdirectory called 25 3f not os.path. ssdir (tdir): )

. . os.mkdir(tdir
today in the temp1 directory. Press (Z10. o j
]

>>> os.chdir(tdir)
>>> os.getcwd()

os.mkdir ( " today" ) ' /Users/guy/templ’
>>> f1 = open("myfile.txt", ") ]
>>> fl.close() 1

@ Press () four times to repeat the os.listdir () command, et ]
and then press (Z1): S — )

'copy.txt'

. . >5> os.listdir() ]
os.listdir () ['copy.txt', 'myfile.txt']

>>> os.rename("copy.txt", "spare.txt")
>>> os.remove("spare.

Python returns [ 1 today' , 'myfile . txt! ] . @ >>> os.mkd‘ir("tuday")%

) ) Preoday . myfile. tet ']

@) Type the following statement, which uses the copy () method |7 i eomtmeine e 17) )
of the shutil module to copy myfile.txt to the today

directory, and then press (Z150:

shutil.copy ("myfile.txt", "today")

Python returns 'today/myfile.txt"', indicating that
shutil has copied the file.
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@ Type the following statement, which uses os.
listdir () to list the contents of the today
directory. Press (Z100.

os.listdir("today")
Python returns ['myfile.txt'].

@ Type the following statement, which uses the
copytree () method of the shutil module to
copy the today directory and its contents to a
directory named backup. Press [(Z1J.

shutil.copytree("today", "backup")

Python returns 'backup', indicating that
shutil has created the directory.

@ Press (L) twice to reenter the os.listdir ()
statement, but change the directory to
"backup" before you press (Z:0:

og.listdir ("backup")

Python returns ['myfile.txt'], enabling you
to see that the copied directory’s contents are
present.

Working with Files and Directories

CHAPTER

o0 [ guy — Python — 60x28
leoa os.mkdir(tdir)

(>>> os.chdir(tdir)

(>>> os.getcwd ()

'/Users/guy/templ'

(>>> f1 = open("myfile.txt", "w")

(>>> fl.close()

(>>> os,listdir()

['myfile.txt']

(>>> dimport shutil

(>>> shutil.copy("myfile.txt", "copy.txt")
'copy.txt'

(>>> os.listdir()

['copy.txt', 'myfile.txt']

(>>> os.rename("copy.txt", "spare.txt")
(>>> os.remove("spare.txt")

(>>> os.mkdir("today")

(>>> os.listdir()

['today', 'myfile.txt']

(>>> shutil.copy("myfile.txt", "today")

'today/myfile.txt"'
(>>> os. 11std1r("today")@
['myfile.txt']

(>>> shutil. copytree("tnday" , "backup" )@

"backup'

>>> I

'Y [ guy — Python — 60x28
leoa os.mkdir(tdir)

looa

(>>> os.chdir(tdir)

(>>> os.getcwd ()

'/Users/guy/templ'

(>>> f1 = open("myfile.txt", "w")

(>>> fl.close()

(>>> os,listdir()

['myfile.txt']

(>>> dimport shutil

(>>> shutil.copy("myfile.txt", "copy.txt")
'copy.txt'

(>>> os.listdir()

['copy.txt', 'myfile.txt']

(>>> os.rename("copy.txt", "spare.txt")
(>>> os.remove("spare.txt")

(>>> os.mkdir("today")

(>>> os.listdir()

['today', 'myfile.txt']

(>>> shutil.copy("myfile.txt", "today")
'today/myfile.txt"'

(>>> os.listdir("today")

['myfile.txt']

(>>> shutil.copytree("today", "backup")

"backup'
(>>> os. 'L1std1r("backup“)@
['myfile.txt']

>>> i

bl

How do I move a directory and all its contents?

exist, the move () method creates it automatically.

To move a directory tree, import the shutil module and use its move ()
directory tree files to the directory archive/files, first type import shutil and press (5.0, and
then type shutil.move ("files", "archive/files") and press (5. . If the directory does not

method. For example, to move the
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Get Information About the User and System

Your code may need to return information about the user running or system running a script. For
example, you might want to determine where a user’s home directory is so that your code can use
it, return the working directory, or learn the computer’s operating system.

You use different tools to access different types of information. For example, the os module gives
access to the user’s home directory, while the sys module lets you determine the operating system.
Environment variables offer detailed information about the user and the computing environment on
Linux and macOS but provide little information on Windows.

The following subsections explain how to return the user’'s name from the getpass module, return
the user’s home directory from the os module, return the computer’s operating system via the sys
module, and use environment variables to access a wider range of information on Linux and macOS.

Return the User’s Username
To return the user’s username, first import the getpass module, and then use the getuser () method:
import getpass

username = getpass.getuser()
print (username)

Return the User’s Home Directory

To return the user’'s home directory, first import the os module, and then use the expanduser () method
of the path object in the os module, with the argument ~, as in the second of the following statements.
The third statement uses the chdir () method to change directory to the homedir directory.

import os
homedir = os.path.expanduser ("~")
os.chdir (homedir)

Determine the Computer’s Operating System
To determine the computer’s operating system, first import the sys module:

import sys
You can then return the platform attribute to get the operating system — for example:
print (sys.platform)

The value win32 indicates Windows, darwin indicates mac0S, and either 1inux or 1inux2 indicates
Linux.
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Return Information Using Environment Variables

Python’s environment variables enable you to return a wide range of information about the user and the
environment on Linux and macOS, but not on Windows.

Table 4-1 explains the most widely useful environment variables.

Table 4-1: Python’s Environment Variables

Variable Name Returns the Example

USER User’s username jo

LOGNAME User’s login name jo

HOME User’s home directory on macOS or Linux /Users/jo

LANG Current language encoding en US.UTF-8
OLDPWD Old working directory /Users/jo

PWD Current working directory /Users/jo/samples
SHELL The shell, the command language interpreter /bin/zsh on mac0S

/bin/bash on Linux,

To access the environment variables, you import the os module and then use the environ object. Here are
quick examples of returning information from environment variables:

e Import the os module:
import os

e Return the username:
os.environ.get ("USER")

® Return the user’s home directory and change directory to it on macOS or Linux:

homedir = os.environ.get ("HOME")
os.chdir (homedir)

e Return the language encoding:
os.environ.get ("LANG")

e Return the present working directory:
os.environ.get ("PWD")

e Return the current shell:
os.environ.get ("SHELL")
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Split a File Path into Its Components

Python’s os module enables you to split a file path into its components. By using the split ()
method of the path object in the os module, you can split the path and the filename. And

by using the splitext () method of the path object, you can split the base filename from the
extension. For example, starting from the file path Users/Ted/Python/Divisionl.txt, you
can return the path, /Users/Ted/Python; the base filename, Divisioni; and the file extension,
.txt. Using the components, you can then build a different file path — for example, creating the

name for an output file for a script.

Split a File Path into Its Components

o Open a terminal window and launch Python.
() The Python prompt appears.

e Type the following statement, which imports the
os module, and then press (Z15):

import os

e Type the following statement, which creates a
variable named fp and assigns to it a file path in
macOS format. Press (Z12).

fp = "/Users/Ted/Python/Divisionl.txt"

0 Type the following statement, which creates the
variables d and £ and uses the split () method
of the path object in the os module to assign
to them the directory path and the full filename,
respectively, from £p. Press (Z100.

d, £ = os.path.split(fp)

e Type the following statement, which uses the
print () function to display the contents of 4,

and then press (Z10):
print (d)

Python displays /Users/Ted/Python.

G Type the following statement to display the
contents of £, and then press (Z150:

print (£f)

Python displays Divisionl. txt.
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eoe hguy—wmen—ﬁluﬁﬂﬂ

guy@Mac-Pro-2 ~ % python3

Python 3.10.0 (v3.10.0:b494f5935c, Oct 4 2021, 14:59:20) [Clan
g 12.0.5 (clang-1205.0.22.11)] on darwin

Type "help", "copyright", "credits" or "license" for more infor

mation.
&»» import os
[>>> fp = "/Users/TedIPython/Div‘is‘ionl.txt"@

>>> ]

i

I
|

ece [ guy — Python — 63x28

[guy@Mac-Pro-2 ~ % python3

Python 3.10.0 (v3.10.0:b494f5935¢c, Oct 4 2021, 14:59:20) [Clan
g 12.0.5 (clang-1205.0.22.11)] on darwin

Type "help", "copyright", "credits" or "license" for more infor
mation.

>>> import os

>>> fp = "/Users/Ted/Python/Divisionl.txt"

[>>> d, f = os.path.split(fp)
&print(d)
/Users/Ted/Pyth
>3 print(f)@
Divisionl.txt

>35> ]
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o Type the following statement, which creates the
variables £n and x and assigns to them the results
of using the splitext () method of the path
object in the os module to split the filename and
extension in f£. Press (Z100.

fn, x = os.path.splitext (f)

e Type the following statement to display the
contents of £n, and then press [Z150:

print (fn)
Python displays Divisionl.

9 Type the following statement to display the
contents of x, and then press (Z150:

print (x)
Python displays . txt.

@ Type the following statement, which creates a
variable named output and assigns to it a string
formed from 4, £, /, and the extension .rtf.

Press (F100.

output = d + "/" + fn 4+ ".rtf"

@ Type the following statement to display the
contents of output, and then press [(Z107):

print (output)

Python displays /Users/Ted/Python/
Divisionl.rtf.

ece 7 guy — Python — 63x28
[guy@Mac-Pro-2 ~ % python3 =
Python 3.10.@ (v3.10.0:b494f5935c, Oct 4 2021, 14:59:20) [Clan
g 12.0.5 (clang-1205.0.22.11)] on darwin

Type "help", "copyright", "credits" or "license" for more infor
mation.

>>> dmport os ]
>>> fp = "/Users/Ted/Python/Divisionl.txt" ]
[>>> d, f = os.path.split(fp) 1
[>>> print(d) ]
/Users/Ted/Python

>>> print(f) ]

Divisionl.txt

>>> fn, x = os.path.splitext(f)ﬂ ]
&print("n) ]

Divisionl
[>>> pr‘int(x)@ l
Ltxt

s> ]

eoe I guy — Python — 63x28

guy@Mac-Pro-2 ~ % python3 o
Python 3.10.0 (v3.10.0:b494f5935¢c, Oct 4 2021, 14:59:20) [Clan
g 12.0.5 (clang-1205.0.22.11)] on darwin

Type "help", "copyright", "credits" or "license" for more infor
mation.

[>>> import os |
[>>> fp = "/Users/Ted/Python/Divisionl.txt" |
>>> d, f = os.path.split(fp) 1
>>> print(d) |
/Users/Ted/Python

>>> print(f) ]
Divisfonl.txt

[>>> fn, x = os.path.splitext(f) |
[>>> print(fn) |
Divisionl

>>> print(x) |

Ltxt
>>> output =d + "/" + fn + ".rtf"@ ]
&print(output) ]
/Users/Ted/Python/Divisionl.rtf

> i

What other methods does the os.path object provide?

os.path.normcase (" /Users/Jo/Pictures") returns

Here are four highly useful methods. The basename () method returns the filename and extension from a
file path — for example, typing os.path.basename (" /Users/jill/a.png") and pressing (Z1-)
returns 'a.png'. The dirname () method returns the directory path — for example, os.path.

dirname ("/Users/jill/a.png") returns ' /Users/ji11'. The isabs () method returns True if the
specified path is absolute, beginning with / on UNIX-based file systems and \ on Windows after a drive
letter and colon, such as C:\. The normcase () method returns paths unchanged on macOS and Linux but
on Windows converts paths to lowercase and changes forward slashes to escaped backslashes; for example,
"\\users\\jo\\pictures' on Windows.
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Understanding Python’s open () Function

Python’s open () function enables you to open a file if it exists and to create the file if it does
not exist. The open () function has various modes that you specify by including the appropriate
argument when you call the function. For example, you can use open () with the w parameter to
open a file in Write Mode, which enables you to make changes to the file. Or you can use open ()
with the a parameter to open the file in Append Mode, which lets you append data at the end of the
file's existing contents.

The open () function enables you to open a file in one of six main modes:

Write Mode. You use Write Mode to write text to the file. Write Mode deletes the current contents of the
file and inserts the text at the beginning of the file. Subsequent writes occur at the end of the file unless
you specify a different position using the seek () method.

Read Mode. You use Read Mode to read the contents of a file. In Read Mode, you cannot make changes
to the file’s contents.

Append Mode. You use Append Mode to append text to a file without deleting its existing contents. By
default, Python inserts the new text at the end of the file unless you specify a different position.

Write and Read Mode. You use Write and Read Mode to open a file, deleting any existing contents, so
you can write to the file and then read its contents.

Read and Write Mode. You use Read and Write Mode when you need to open a file both for reading text
from it and for writing text to it.

Append and Read Mode. You use Append and Read Mode when you want to append data to a file and be
able to read the file's contents.

Table 4-2 explains the modes of the open () function.

Table 4-2: Modes of Python’s open () Function

Mode Explanation

w Create the file if it does not exist; delete its contents if it does exist. Open the file in Write Mode
with the pointer at the beginning.

r Open the file in Read Mode with the pointer at the beginning. If the file does not exist, an error
occurs.

a Create the file if it does not exist. Open the file in Append Mode with the pointer at the end.

x Create the specified file and then open it with the pointer at the beginning. If the file already
exists, an error occurs.

W+ Create the file if it does not exist; delete its contents if it does exist. Open the file in Write and
Read Mode with the pointer at the beginning.

T+ Open the file in Read and Write Mode with the pointer at the beginning. If the file does not
exist, an error occurs.

a+ Create the file if it does not exist.

Open the file in Append and Read Mode with the pointer at the end.
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Understanding Python’s Ways of Closing Files

fter opening or creating a file using the open () function and either reading the file’s contents

or changing them, your scripts will likely need to close that file. You can either close the file
explicitly by using the close () method of the file object or have Python close the file automatically
for you. Python can close a file automatically either at the end of a script or when it runs a command
that implicitly requires the file to be closed. Generally, it is better to close files explicitly, but you
should understand how both approaches work.

The first subsection tells you how to close a file manually using the close () method of the file
object that references the file. The second subsection explains how you can let Python close files
implicitly in your code.

Close a File Manually Using the close () Method

To close a file explicitly, use the close () method at the appropriate point in your code. For example, the
first of the following statements creates the variable £6 and uses the open () function to assign to it the
file new. txt, creating the file if it does not exist. The second statement closes the £6 file object.

f6 = open("new.txt", "w+")
f6.close()

Python does not raise an error if you call the close () method on a file object that you or Python have
already closed. The file object must exist, but it does not have to be open. This flexibility means that you
can safely use the close () method to ensure that a file has been closed, even if it turns out to have been
closed earlier.

Let Python Close a File Implicitly

Instead of closing a file explicitly using the close () method, you can let Python close the file for you.
Python closes a file automatically if you assign the file object currently assigned to the open file to a
different file, as in the following example for macOS or Linux:

# open h.txt and assign it to the variable f
f = open("/Users/fi/h.txt", "w")

# write text to f

f.write("Unblock the writer!")

# open j.txt and assign it to the variable f
f = open("/Users/fi/j.txt", "r")

# Python closes h.txt to free up £

Python also closes a file automatically if you use the open () function to reopen the file using a different
mode. You do not need to close the file explicitly.
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Open a File If It Exists; If Not, Create It

Python’s open () function enables you to open a file in Write Mode, Write and Read Mode,
Append Mode, or Append and Read Mode if the file exists, and create the file if it does not exist.
Automatically creating a file is especially useful because you need neither write code to check that
the file exists before you try to open it nor handle an error if the file does not exist.

Open a File If It Exists; If Not, Create It

o Open a terminal window and launch Python. G.cummm,pm.m ~ 3B - o x

() The Python prompt appears. C:\Users\GuyHart-Davis>python
Python 3.10.2 (tags/v3.10.2:a58ebcc, Jan 17 2022, 14:12:15) [

. . . MSC v.1929 64 bit (AMD&4)] on win32
o Type the fOllOW1n9 Statement, Wh]Ch ]mports the Type "help", "copyright", “"credits" or "license" for more inf
ormation.
os module, and then press (1. &,», B
) >>> os.chdir(os.path.expanduser("~"))
import os =

e Use the os.chdir () method to change to
a directory in which you can create a sample
file. For example, type the following statement,
and then press (5170, to change to your home

directory:
os.chdir (os.path.expanduser ("~"))
e Type the following statement, which uses the P - o x
getcwd () method of the os module, to display )
. .. C:\Users\GuyHart-Davis>python
the current directory, confirming you have Python 3.10.2 (tags/v3.19.2:a58ebcc, Jan 17 2022, 14:12:15) [
. . MSC v.1929 64 bit (AMD6U)] on win32
naVIQated to where you intended. Press m Type "help", "copyright", “credits" or "license" for more inf
ormation.
>>> import os
os. getCWd ( ) >>> os.chdir(os.path.expanduser("~"))
. &Ds.getcwd()
Python returns the directory, such as 'C:\\ *C:\\Users\\GuyHart-Davis' )4
>>> olist = open(“offices.txt"

Users\\AJ' on Windows.

Note: In Windows paths, Python’s escaped backslash,
\\, represents a single “real” backslash, \.

e Type the following statement, which uses the
open () function with no mode specified to try
to open the file offices.txt in the current
directory and assign it to the variable olist, and

then press (120,

olist = open("offices.txt")
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() Python returns a FileNotFoundError, because
the file does not exist.

0 Press () once to repeat the command, but
edit the end to add the appropriate argument
before you press (Z10. In this case, use the w
argument.

olist = open("offices.txt", "w")
Note: Use the w argument for Write Mode, the w+
argument for Write and Read Mode, the a argument

for Append Mode, and the a + argument for Append
and Read Mode.

Python creates the file but gives no indication it
has done so.

The file is now open in Write Mode.

o Type the following statement, which uses the
write () method to write text to the file, and

then press (F150:

olist.write ("Anchorage, Boston")

e Type the following statement, which uses the
close () method to close the file, and then press

olist.close()

CHAPTER
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| B CommandPrompt-python X | h - o x

C:\Users\GuyHart-Davis>python
Python 3.10.2 (tags/v3.10.2:a58ebcc, Jan 17 2022, 14:12:15) [
MSC v.1929 64 bit (AMD64)] on win32
Type "help", "copyright", "credits" or "license" for more inf
ormation.
>>> import os
>>> os.chdir(os.path.expanduser("~"))
>>> os.getcwd()
'C:\\Users\\GuyHart-Davis"
>>> olist = open("offices.txt")
Traceback (most recent call last):
File "<stdin>", line 1, in <module>
rFileNotFoundError: [Errno 2] No such file or directory: 'offi

ces.txt'
>>> olist = open("offices.txt", "w")@
>>>

| B CommandPrompt-pythen X | 4 - o x

C:\Users\GuyHart-Davis>python
Python 3.10.2 (tags/v3.10.2:a58ebcc, Jan 17 2022, 14:12:15) [
MSC v.1929 64 bit (AMD64)] on win32
Type "help", "copyright", "credits" or "license" for more inf
ormation.
>>> import os
>>> os.chdir(os.path.expanduser("~"))
>>> os.getcwd()
'C:\\Users\\GuyHart-Davis"
>>> olist = open("offices.txt")
Traceback (most recent call last):
File "<stdin>", line 1, in <module>
FileNotFoundError: [Errno 2] No such file or directory: 'offi
ces.txt'
>>> olist = open("offices.txt", "w")
>>> olist.write("Anchorage, Boston")ﬂ
17

>>> olist.close()
>>> |

Why does the open () function sometimes fail even though I specify the w argument?
The open () function with the w argument, the w+ argument, the a argument, or the a + argument fails if
you do not have Write permission for the directory in which Python is trying to create the file.
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Check an Open File’s Status and Close It

fter opening a file using the open () function, you can use the resulting file object to
manipulate the file. The following sections show you how to read a file’s data, replace a file’s
existing data, and append new data to the existing data.

In this section, you check the properties of a file object to determine information about it. You use
the name property to return the filename and then use the closed property to determine whether
the file object is open or has been closed. You then use the close () method to close the file.

Check an Open File’s Status and Close It

o Open a terminal window and launch Python.
() The Python prompt appears.

o Type the following statement, which imports the
os module, and then press (Z150):

import os

9 Use the os.chdir () method to change to
a directory in which you can create a sample
file. For example, type the following statement,
and then press (Z1111), to change to your home
directory:

os.chdir (os.path.expanduser (“~"))

e Type the following statement, which uses the
open () function with the w+ mode specified
to open the existing file new. txt, or create it
if it does not exist, in the current directory and
assign it to the variable £1. Press (Z1C0.

fl1 = open(“new.txt”, “w+”")

e Type the following statement, which returns the
name property of £1. Press (Z1].

f1l.name

() Python displays ‘new.txt’.
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A g

sam@vubuntu: ~

sam@vubuntu:~$ python3

Python 3.8.10 (default, Mar 15 2022, 12:22:08)

[GCC 9.4.0] on linux

Type "help", "copyright", "credits" or "license" for more
information.

>>> import os

[>>> os.chdir(os.path.expanduser("~"))

sam@vubuntu: ~

sam@vubuntu:~$ python3

Python 3.8.10 (default, Mar 15 2022, 12:22:08)

[GCC 9.4.0] on linux

Type "help", "copyright", "credits" or "license" for more
information.

[>>> import os

I>>> os.chdir(os.path.expanduser("~"))

[>>> fl = open("new.txt", "w+")

>>> fl.nameﬂ
oinew.txt '
>> ]
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@ Type the following statement, which returns

the closed property of £1. Press R sam@vubuntu:~$ python3
property m Python 3.8.10 (default, Mar 15 2022, 12:22:08)
[GCC 9.4.0] on linux
f1l.closed Type "help", "copyright", "credits" or "license" for more
information.
(® Python returns False. >>> import os
[>>> os.chdir(os.path.expanduser("~"))
o Type the following statement, which uses the FE2 T & CHmiEe B, W)
[>>> fl.name
close () method to close £1, and then 'new%;xt{ )
[>>> .ClLose
press (150 ‘}False
>>> fl.close()ﬂ
fl.close() ===
Python closes the file without confirmation or
comment.
Press (L) twice to repeat the second-to-last G sam@vubuntu: ~
. sam@vubuntu:~$ python3
statement, and then press m Python 3.8.10 (default, Mar 15 2022, 12:22:08)
[GCC 9.4.0] on linux
fl.closed IType "help", "copyright", "credits" or "license" for more
information.
[>>> import os
0 Python returns True. [>>> os.chdir(os.path.expanduser("~"))
. >>> fl = open("new.txt", "w+")
9 Press (L) twice to repeat the now second-to-last b>> f1.name
. 'new. txt'
statement, and then press [(Z170: e Cosed
False
fl.close() b>> fl.close()
I>>> fl.closed
3 iTrue
Even though the file was already closed, &)» ﬂ.cmenﬂ
[>>>

no error occurs.

How can I check which mode an open file is using?

Return the mode property of the file object that represents the file. For example, use £1.mode to return
the mode property of the file object represented by £1. The property returns the same string as you use to
specify the mode with the open () function — for example, w+, r, or a+.
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Write Data to a File

o write data to a text file, you open that file in Write Mode by using the open () function with
the w argument. To write data and subsequently read it, you use the open () function with the
w+ argument to open the file in Write and Read Mode.

Both modes create the specified file if it does not exist; if it does exist, both modes “truncate” the
file, deleting all its contents. Both modes position the pointer at the start of the file, so text you
add using the write () method lands there.

Write Data to a File

o Open a terminal window and launch Python. 00 -,.,_,,m_maa
guy@Mac-Pro-2 ~ % python3 -
Pyth 3.10.0 (v3.10.0:b494f5935¢c, Oct 4 2021, 14:59:20) [C
o The Python prompt appears' LGgogz.a.s (clzng-uss.e.zz.u); nncdarm‘n
Type "I’}elp", "copyright", "credits" or "license" for more in
e Type the following statement, which imports the os o formation.
P import os ]
.chdi 5 . d L) |
module, and then press (177). Ty _0“0 ]
35>

import os

e Use the os.chdir () method to change to a
directory in which you can create a file. For example,
type the following statement, and then press (Z103,
to change to your home directory:

os.chdir (os.path.expanduser("~"))

0 Type the following statement, which creates a variable
named w1 and assigns to it the file waters. txt,
which it opens in Write Mode. Press [Z170.

eoe [ guy — Python — 60x28
wl = open ("waters.txt" , Ty guy@Mac-Pro-2 ~ % python3 =
Python 3.10.0 (v3.10.0:b494f5935c, Oct 4 2021, 14:59:20) [C
lang 12.0.5 (clang-1205.0.22.11)] on darwin
. . " "o . . Type "help", "copyright", "credits" or "license" for more in
Note: If the file exists, Python “truncates” it, deleting its (el ]
. . . . . import os
contents; if not, Python creates it. Either way, the file is »>> os.chdir (os.path.expanduser ("~")) )
>>> wl = open("waters.txt", "w") |
empty once Opened‘ >>> wl.write("beck, billabeng, bight")@ |
22
. . >>> wl = open("waters.txt", ”r")@ ]
e Type the following statement, which uses the write () > 1l

method to write text to the w1 file object. Press (Z11.
wl.write ("beck, billabong, bight")

@ Type the following statement, which uses the open ()
function with the r argument to reopen the text file in
Read Mode, reassigning it to wi. Press (F11.

wl = open("waters.txt", "r")

Note: Python automatically closes the file before
reopening it.
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o Type the following statement, which uses the
print () function to display the output from using
the read () method on wi. Press (Z12).

print (wl.read())
Python displays beck, billabong, bight.

e Type the following statement, which uses the
open () function with the w+ argument to
reopen the text file in Write and Read Mode, again
assigning it to wil. Press (Z1).

wl = open("waters.txt", "w+")

Note: Again, Python automatically closes the file before
reopening it. Python truncates the file, deleting its contents.

e Type the following statement, which writes two
fresh waters to the file, and then press [Z12).

wl.write("kill, tarn")

@ Type the following statement, which reads the file
from the pointer position. Press (Z12).

wl.read ()

Python displays ' ', an empty string, because the
pointer is at the end of the file.

@ Type the following statement, which uses the
seek () method to move the pointer to the file’s
beginning, and then press (Z773:

wl.seek (0, os.SEEK SET)

@ Press () twice to repeat the wl.read ()
statement, and then press (51 ):

wl.read ()

Python displays 'kill, tarn', the contents
you wrote.

e0e
(guy@Mac-Pro-2 ~ % python3

Python 3.10.0 (v3.10.0:b494f5935c, Oct 4 2021, 14:59:20) [C
lang 12.0.5 (clang-1205.0.22.11)] on darwin

Type "help", "copyright", "credits" or "license" for more in
formation.

(>>> dmport os

(>>> os.chdir(os.path.expanduser("~"))

(>>> wl = open("waters.txt", "w")

(>>> wl,write("beck, billabong, bight")

22

>>> wl = open("waters.txt", "r") |
*pr'int(wl.read()) |
eck, billabong, bight

[>>> wl = open("waters.txt", “w+")0 |
>>> ]

[ guy — Python — 60x28
=

|
eo0e [ guy — Python — 60x28
(guy@Mac-Pro-2 ~ % python3 =
Python 3.10.0 (v3.10.0:b494f5935c, Oct 4 2021, 14:59:20) [C
lang 12.0.5 (clang-1205.0.22.11)] on darwin
Type "help", "copyright", "credits" or "license" for more in
formation.
(>>> dimport os I
(>>> os.chdir(os.path.expanduser("~")) I
(>>> wl = open("waters.txt", "w") I
(>>> wl.write("beck, billabong, bight") 1
22
(>>> wl = open("waters.txt", "r") |
(>>> print(wl.read()) |
beck, billabong, bight
(>>> wl = open("waters.txt", "w+") 1
(>>> wl.write("kill, tarn") I
10
(>>> wl.read()@ I
"
(>>> wl.seek(0, os.SEEK_SET)Q I
]
[>5> wl.read()@ 1
"kill, tarn'
>5> ]

|

How can I see whether a file is open?

Check the closed property of the appropriate file object. For example, if your code has created a file
object named w1, as in the main example, wl.closed returns False if the file object is open and True if

it has been closed.
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Open a File for Both Reading and Writing

o open a file for both reading and writing, use the open () function with the r + argument.

Because the file is open for writing as well as reading, you will need to be careful to avoid
overwriting the existing contents of the file. For example, you can use the seek () method to move
the pointer to the end of the file before writing new data to the file using the write () method.
After writing, you can move the pointer back to the beginning of the file to read all its contents

using the read () method.

Open a File for Both Reading and Writing

o Open a terminal window and launch Python.
() The Python prompt appears.

e Type the following statement, which imports the
os module, and then press (1.

import os

e Use the os.chdir () method to change to a
directory in which you can create a file. For
example, type the following statement, and then
press (11, to change to your home directory:

os.chdir (os.path.expanduser("~"))

@ Type the following statement, which creates a
variable named rwf and assigns to it the file
metals.txt, which it opens or creates in Write

Mode. Press (Z170.

rwf = open("metals.txt", "w")

e Type the following statement, which uses the
write () method to write text to the rwf file
object, and then press (150,

rwf.write("Calcium\nGallium\n")

Python returns 16, the character position at the
end of the file.

e Type the following statement, which opens the
same file in Read/Write Mode and assigns it to

rwf again. Press (Z10.

rwf = open("metals.txt", "r+")

Note: Opening the file with the r+ argument causes
Python to close the file and then reopen it.
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[ ON ] 7 guy —Python — 80:28{

(guy@Mac-Pro-2 ~ % python3

Python 3.10.0 (v3.10.0:b494f5935c, Oct 4 2021, 14:59:20) [C
lang 12.0.5 (clang-1205.0.22.11)] on darwin

Type "help", "copyright", "credits" or "license" for more in
formation.

>>> dimport os

(>>> os.chdir(os.path.expanduser("~"))

(>>> rwf = open("metals.txt", "w")

>>>

=

|
|
|

e0e
(guy@Mac-Pro-2 ~ % python3

Python 3.10.0 (v3.10.0:b494f5935c, Oct 4 2021, 14:59:20) [C
lang 12.0.5 (clang-1205.0.22.11)] on darwin

Type "help", "copyright", "credits" or "license" for more in
formation.

(>>> dmport os

(>>> os.chdir(os.path.expanduser("~"))

(>>> rwf = open("metals.txt", "w")
(>>> rwf.wr-ite("Calcium\nGallium\n“)@

16
(>>> rwf = open("metals.txt", "r+")0
> I

7 guy — Python — 60x28

L
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o Type the following statement, which uses the ece * ouy—Python—60x28
seek () method to move the POinter to the end IE;{E::C:;;; zvﬁ.igf;?:imlfssas:, Oct 4 2021, 14:59:20) [cll‘
of the file, and then press (72 =l e s I
rwf.seek (0, os.SEEK END) l:::m?:;;:t os

(>>> os.chdir(os.path.expanduser ("~"))

. et R e
Python returns 16, the character position at the S s e e L
end of the file. 29

(>>> rwf = open("metals.txt", "r |
[>>> rwf.seek(0, os.SEEK_END) |

e Type the following statement, which uses the et arite(rcesion®) 0

(>>>

write () method to add text to the file, and 6

>>> rwf.seek(®, os.SEEK_SET
then press (F100: é

rwf.write ("Cesium")
Python returns 6, the number of characters added.

e Type the following statement, which uses the
seek () method to move the pointer to the start

of the file, and then press (Z17): l
[ N ] " guy — Python — 60x28
rwf.seek (0, os.SEEK SET) (uy@Hac-Fro-2 ~ % python3 s
o . Python 3.10.0 (v3.10.0:b494f5935c, Oct 4 2021, 14:59:20) [C
Python returns 0, the character position at the start lang 12.0.5 (clang-1205.0.22.11)] on darwin
. Type "help", "copyright", "credits" or "license" for more in
Of the ﬁ'.e. formation.
(>>> dimport os I
1 1 (>>> os.chdir(os.path.expanduser("~")) I
@ Type the follow1r.19 statement, which uses the . o>> ruf = open{imetals txth, ") ]
print () function to display the result of reading 22> rwf.urfta("calciuminGalijunin®) '
the file’s contents. Press (2177 >>> ruf = open("metals.txt", "r+") ]
[>>> rwf.seek(0, os.SEEK_END) |
16

print (rwf.read()) (>>> rwf.write("Cesium") 1

6

Python displays this: >>> rwf.seek(e, os.SEEK_SET) ]
e .

Calcium [Z;;c:}‘:'\mnt(rwf.read()) |

Gallium Gallium

. Cesium

Cesium [>>> rwf.close() 1

>5> ]
@ Type the following statement, which uses the close ()
method to close rwf, and then press (Z10):
rwf.close () U

How can I tell whether a file is readable or writable?

Use the readable () method of the file object to determine whether a file is readable — for example,
myfile.readable () returns True if the file is readable and False if it is not readable. Similarly, you
can use the writable () method to determine whether a file is writable via the write () method and the
seekable () method to determine whether Python can use the seek () method to change the pointer
position within the file.
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Append Data to a File

Python provides two modes for appending data to the existing contents of a file without affecting
the existing contents. Append Mode, which you invoke by using the a argument with the open ()
function, lets you add text after the file’s existing contents. Append and Read Mode, which you invoke
by using the a+ argument, likewise lets you append text but also lets you read the existing contents.

Both Append Mode and Append and Read Mode automatically create the specified file if it does not
exist. Both modes prevent you from modifying the files existing contents.

Append Data to a File

o Open a terminal window and launch Python.
() The Python prompt appears.

o Type the following statement, which imports
the os module, and then press [(Z1-].

import os

9 Use the os.chdir () method to change to a
directory in which you can create a file. For
example, type the following statement, and then
press (1), to change to your home directory:

os.chdir (os.path.expanduser ("~"))

O Type the following statement, which creates
a variable named s and assigns to it the file
staples.txt, which it opens or creates in
Append Mode. Press (Z12].

s = open("staples.txt", "a")

e Type the following statement, which uses the
write () method to append some text to the
s file object. Press (51 1.

s.write("Staple Foods\n\nCoffee\nEggs")

Python returns 25, the number of characters added.

G Type the following statement, which uses the
close () method to close the s file object
explicitly, and then press (Z150):

s.close ()
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information.
&b» import 054
>>> os.chdir(os.path.expanduser("-"))0

sam@vubuntu:~$% python3

Python 3.8.10 (default, Nov 26 2021, 20:14:08)

[GCC 9.3.0] on linux

Type "help", "copyright", "credits" or "license" for more

>>> s = open("staples.txt", "a")
= |

sam@vubuntu:~$ python3

Python 3.8.10 (default, Nov 26 2021, 20:14:08)

[GCC 9.3.0] on linux

IType "help", "copyright", "credits" or "license" for more
information.

>>> import os

>>> o0s.chdir(os.path.expanduser("~"))

P>> s = open("staples.txt", "a")

I>>> s.write("Staple Foods\n\nCoffee\nEggs")
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o Type the following statement, which opens = samguubuntu: -
the same file in Append and Read Mode, again sam@uubuntu:~$ python3
. . . . Python 3.8.10 (default, Nov 26 2021, 20:14:08)
assigning it to the variable s. Press (Z101. [6CC 9.3.0] on linux
IType "help", "copyright", "credits" or "license" for more
s = open("staples.txt", "a+") information.
>>> import os
© Type the following statement, which uses the S e e v
write () method to append text to the end of e e
the file. Press (Z1000. b>> 5. close()
>>> s = open("staples.txt", "a+")

s.write ("\nBread\nButter") accRrEEteiinBreadinBuEteny)

13
9 Type the following statement, which uses the SR DS'SEEK’SET)Q
seek () method to move the pointer to the start ~>>
of the file. Press (Z10.

s.seek (0, os.SEEK_SET)

@ Type the following statement, which uses the
print () function to display the result of using
the read () method to read the file’s contents.

sam@vubuntu: ~

PI'ESS m sam@vubuntu:~$ python3
. Python 3.8.10 (default, Nov 26 2021, 20:14:08)
print (s.read()) [6CC 9.3.8] on linux
IType "help", "copyright", "credits" or "license" for more
: 1 Af . information.
Python displays the file’s text: L~ inport os
>>> o0s.chdir(os.path.expanduser("~"))
Staple Foods b>> s = open("staples.txt", "a")
P>> s.write("Staple Foods\n\nCoffee\nEggs")
25
Coffee b>> s.close()
>>> s = open("staples.txt", "a+")
Eggs >> s.write("\nBread\nButter")
Bread 13
Butter >> s.seek(0, os.SEEK SET)
0
. . >> print(s.read())
@ Type the following statement, which uses the Staple Foods
close () method to close the file, and then press .
Eggs
Bread

P>>

Butter
>>> i.close( )Q

What happens if I move the pointer and then append text?

Python appends the text after the end of the existing text. In Append and Read Mode, moving the pointer
to the start of the file enables you to read the file’s contents, but Python puts any text you append at the
end of the file.
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Read a Text File

Python’s open () function enables you to open a text file in Read Mode by using the r+ argument
orin Read and Write Mode by using the r+ argument. Usually, the choice between Read Mode
and Read and Write Mode is straightforward: Use Read Mode when you need only to read the file’s
contents, but use Read and Write Mode when you also need to change the contents.

Both modes place the pointer at the start of the file, ready to read from there on. Both modes return
a FileNotFoundError if the specified file does not exist.

Read a Text File

o Open a terminal window and launch Python.

sam@vubuntu:~$ python3

() The Python prompt appears. Python 3.8.10 (default, Nov 26 2021, 20:14:08)
[GCC 9.3.0] on linux
Type the following statement, which imports the os [l Ty e, Hellel v Sl
dule, and then press (7)) &;2 import os
modu .
! p [>>> os.chdir(os.path.expanduser("~"))
. >>> xXr = open("waters.txt", "w")
import os Lo B v

e Use the os.chdir () method to change to a directory
in which you can create a file. For example, type the
following statement, and then press (5=, to change to
your home directory:

os.chdir (os.path.expanduser ("~"))

0 Type the following statement, which creates a variable
named xr and assigns to it the file waters.txt, which it

sam@vubuntu:~$ python3

opens or creates in Write Mode. Press (=.°). Python 3.8.10 (default, Nov 26 2021, 20:14:08)
[GCC 9.3.0] on linux
Xr = open("waters,txt" , "w") IType "help", "copyright", "credits" or "license
information.
. . , import
e Type the following statement, which uses the write () >~ 05 chdir(0s. path.expanduser(*~*))
. [>>> xr = open("waters.txt", "w")
method to add text to xr, and then press (Z1C): SR e N
18
Xr.write("sound, swamp, wadi") [>>> xr = open("waters.txt", "r")o
>>> print(xr.read())ﬂ
e Type the following statement, which reopens the same file
in Read Mode. Press (Zi57.
xr = open("waters.txt", "r")

Note: Python automatically closes the text file before
reopening it.

0 Type the following statement, which uses the print ()
function to display the result of using the read ()
method to read the contents of xr. Press (5.

print (xr.read())
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Python displays sound, swamp, wadi.

e Type the following statement, which uses the close ()
method to close xr explicitly. Press (Z150.

xr.close()

9 Type the following statement, which opens the file in
Read and Write Mode, again assigning it to xr. Press

xr = open("waters.txt", "r+")

@ Press (L three times to repeat the print () statement,
and then press (Z120:

print (xr.read())
Python displays sound, swamp, wadi again.

@ Type the following statement, which writes another term
to the file, and then press (S0

xr.write(", lagoon")

@ Press (-] twice to repeat the print () statement, and
then press [(Z100:

print (xr.read())

() Python returns a blank paragraph, because the Write
operation has moved the pointer to the end of the file.

@ Type the following statement, which uses the seek ()
method to move the pointer to the start of the file.

Press (Z100.

xr.seek (0, os.SEEK SET)

@ Press (L) twice to repeat the print () command, and

then press (Z10:

print (xr.read())

Python displays sound, swamp, wadi, lagoon,
the file’s entire contents.

ound, swamp, wadi
&xr.close()
>>> xr = open("waters.txt", "r+")0

sam@vubuntu: ~

sam@vubuntu:~$ python3

Python 3.8.10 (default, Nov 26 2021, 20:14:08)
[GCC 9.3.0] on linux

Type "help", "copyright", "credits" or "license" fq
information.

>>> import os

>>> os.chdir(os.path.expanduser("~"))

>>> xr = open(“"waters.txt", "w")

>>> xr.write("sound, swamp, wadi")

18

=>> xr = open("waters.txt", "r")

>>> print(xr.read())

>>> print(xr.read())
sound, swamp, wadi

>>> xr.write(", lagoon")
8

|=>>

[>>> print(xr.read())
B >>> xr.seek(0, os.SEEK_SET)@
0

sam@vubuntu: ~

sam@vubuntu:~$ python3

Python 3.8.10 (default, Nov 26 2021, 20:14:08)
[GCC 9.3.0] on linux

Type "help", "copyright", "credits" or "license" fd
information.

>>> import os

>>> os.chdir(os.path.expanduser("~"))

>>> xr = open("waters.txt", "w")

>>> xr.write("sound, swamp, wadi")

18

I>>> xr = open("waters.txt", "r")

[>>> print(xr.read())

sound, swamp, wadi

>>> xr.close()

>>> xr = open(“waters.txt", "r+")

[>>> print(xr.read())

sound, swamp, wadi

[>>> xr.write(", lagoon")

[>>> print(xr.read())
sound, swamp, wadi, lagoon

>>> I

What happens if I move the pointer to the start of the file and then write text?
If you explicitly move the pointer to the start of the file, the text you write overwrites any text that is in
the way. If the text you write is shorter than the existing text, some of the existing text remains.
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CHAPTER 5

Working
with Python’s
Operators

Python provides a wide range of operators for performing operations on
values and variables. You use arithmetic operators to perform mathematics,
assignment operators to assign data to variables, comparison operators to
make comparisons, and logical operators to link conditional statements.
You use identity operators to test whether objects are identical,
membership operators to determine whether an object includes a particular
value, and bitwise operators to compare and manipulate binary numbers.

B Command Premgt

C:\Users\guy>python I
hon 3.10.0 (taus/vi..lgéﬂ:h494f59, oct 4 2021, 19:00:18) [MSC v.192
n

9 64 bit (AMDE4)] on wi

"help", "copyright", "credits" or "license" for more information.

8/ 2+ 1

2.0
>>> (5 +4) 8/ 2+ 1
555 (5 +4) 58/ (24 1)
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hen you need to perform arithmetical operations in Python, such as addition or division, you

can use standard arithmetic operators, adapted slightly for the computer keyboard. For example,
while the keyboard includes the + key for addition, it has no + key for division, so you use (7 for
division instead.

Python performs operations following the standard order used in mathematics. This order is
sometimes summarized by the acronym PEMDAS: Parentheses, Exponentiation, Multiplication,
Division, Addition, and Subtraction. You can change the order of operations by putting particular
operations in parentheses, thus promoting them to earlier positions in the order of operations.

Table 5-1 explains the arithmetic operators you can use in Python. Most of these are instantly
recognizable, with the possible exception of these two:

¢ Integer division. Also called floor division, this operation returns only the integer component of
the result. For example, with regular division, 10 divided by 4 returns 2.5. With integer division,
10 divided by 4 returns 2, discarding the decimal component and returning the integer.

¢ Modulus. This operation returns the remainder — the number left over — from a division opera-
tion. For example, 5 modulus 4 returns 1, because 1 is the remainder after dividing 5 by 4. Simi-
larly, 9 modulus 4 also returns 1, and 399 modulus 200 returns 199.

Table 5-1: Python’s Arithmetic Operators

Operation Operator Example Returns
Addition + 1+ 1 2
Subtraction - 2 -1 1
Multiplication * 3 %3 9
Exponentiation * 2%%g 256
Division / 3/ 3 1.0
Integer Division // 9 // 4 2
Modulus % 10 % 3 1
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Understanding the Order of Operations
Python implements mathematical operations in the standard order given by the acronym PEMDAS:

1. Parentheses

2. Exponentiation

3. Multiplication and Division
4. Addition and Subtraction

When two operations at the same level occur, Python evaluates them reading from left to right.
So take for example the following calculation:

4 ** 3 - 5 * 8 + 4 / (1 + 1)

This calculation returns 26. Python evaluates it as follows:

e Parentheses: (1 + 1) gives 2, so the calculation becomes
4 ** 3 -5 * 8 + 4 /2

e Exponentiation: 4 ** 3 gives 64. The calculation becomes
64 - 5 * 8 + 4 / 2

e Multiplication: 5 * 8 gives 40. The calculation becomes
64 — 40 + 4 / 2

e Division: 4 / 2 gives 2. The calculation becomes
64 — 40 + 2

e Addition and subtraction: 64 - 40 occurs first, giving 24. Then 24 + 2 gives 26.

Changing the Order of Operations

You can change the order of operations in a calculation by placing one or more parts of the calculation in
parentheses. For example, say you want to add 5 and 5, giving 10, and then multiply that by 10. This gives
100, but if you use the following calculation, you get 55 instead because of the standard order of operations:

5 &+ 5 @ U@

To change the order of operations, you put the addition component inside parentheses, making Python
evaluate it first:

(5 + 5) * 10

You can nest parentheses within parentheses, as needed. Python performs the most deeply nested
calculation first — for example:

(5 + ((2 *3) - 1)) * 10

Here, Python multiplies 2 by 3, subtracts 1 from the resulting 6, adds the resulting 5 to the first 5, and
multiplies the resulting 10 by 10, giving 100 again.
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n the previous section, “Meet the Arithmetic Operators,” you learned what arithmetic operators
Python provides and what they do. In this section, you put the arithmetic operators to work

performing calculations.

To work through these examples and those later in this chapter, open a terminal window on your
computer. For example, on Windows, click Search (f@]), type cmd, and then click Command Prompt
(i) or press (.. On mac0S, click Launchpad (::), and then click Terminal (@). On Ubuntu, click
Show Applications (F), and then click Terminal (E).

| Work with the Arithmetic Operators

Launch Python and Perform Arithmetic
Calculations

0 Open a terminal window and launch Python.
The Python prompt appears.

Q Type the following addition calculation using
the + operator, and then press (=1 °7.

5 + 4
Python displays the result, 9.

9 Type the following subtraction calculation,
and then press (510-).
4 -7
Python displays the result, -3.

0 Type the following multiplication calculation,
and then press (Z150.
6.33 * 9.2

Python displays the result, 58.236.

a Type the following exponentiation calculation,
and then press (Z1°].

2 *% g
Python displays the result, 256.

Q Type the following division calculation,
and then press (Z1°].

77 / 11
Python displays the result, 7. o.
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B Command Prompt - python 0 . o X

IC:\Users\guy>python |
Python 3.10.0 (tags/v3.10.0:b494f59, Oct 4 2021, 19:00:18) [MSC v.132
P 64 bit (AMDG4)] on win32

Type "help", "copyright", "credits" or "license" for more information.

p>> 5 + 4

P
‘IEI|'!P>»4 -7
p>> 6.33 * 9.24

58.236
B>

¥ Command Prompt - python - o X

Ic:\Users\guy>python |
Python 3.10.0 (tags/v3.10.0:b494f59, Oct 4 2021, 19:00:18) [MSC v.192
P 64 bit (AMD64)] on win32

Type "help", "copyright", "credits" or "license" for more information.

p>> 5 + 4
P

p>> 4 - 7
-3
p>> 6.33 % 9.2
58.236
p>> 2 *% §
56
77 /11

.0
;>> 90 // 11

p>>

Type the following integer division calculation,
and then press (Z1°].

90 // 11

Python displays the result, 8.



Note: Integer division returns only the integer
component of the result of the division
calculation, discarding the remainder.

9 Type the following modulus calculation, and
then press (Z150.

90 % 11
Python displays the result, 2.

Note: The modulus gives the amount left over
following a division operation. In this case, 11
times 8 produces 88, so the modulus gives 2.

Using Parentheses to Change the Order
of Precedence

€ In the terminal window, type the following
calculation, and then press (2150

5+ 4 *8 /2 + 1
Python displays the result, 22. 0.

© Type the calculation again, this time
adding parentheses around 5 + 4,

and then press (Z100.
(5 +4) *8 /2 + 1

Python display the result of the adjusted
calculation, 37.0.

9 Type the calculation a third time, this
time adding parentheses around 2 + 1,
and then press (2100,

(5 + 4) * 8 / (2 + 1)

Python displays the new result, 24. 0.

Command Prompt - pythen - [m] X
pt - pytl

IC:\Users\guy>python |
Python 3.10.0 (tags/v3.10.0:b494f59, oct 4 2021, 19:00:18) [MsC v.192
9 64 bit (AMD64)] on win32

Type "help", "copyright", "credits"™ or "license" for more information.

p>> 5 + 4

o

p>> 4 - 7

-3

p>> 6.33 * 9.2
58.236

p>> 2 ¥% §
256

b>> 77 / 11
7.0

p>> 90 // 11
B8

p>> 90 % 11
2

B>> o

&8 Command Prompt — O X

:\Users\guy>python |
ython 3.10.0 (tags/v3.10.0:b494f59, Oct 4 2021, 19:00:18) [MSC v.192
64 bit (AMD64)] on win32

ype "help", "copyright", "credits" or "license" for more information.

>> 5 + 4

>> 6.33 % 9,2
58.236
2 %% 8
8
77 / 11
0
90 // 11
90 % 11

5+4%8/2+ 1<<l'ﬂ'
.0

(G+4)*8/2+1

Why does division return a floating-point number with .o rather than an integer?
Using the division operator, /, always produces a floating-point number, even if the calculation results in

an integer with a .0 decimal component.

If necessary, you can use the int () function to convert a floating-point number to an integer.
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s you have seen earlier in this book, Python uses the equal sign, =, to assign a value to a
variable. For example, you can use the statement userLevel = "Professional" to create a
variable called userLevel and assign the string value Professional to it.

Python includes a dozen other assignment operators. These operators are for assigning a value to a variable
by manipulating its existing value. For example, the += assignment operator adds to a variable’s existing
value: myInt += 7 has the same effect as myInt = myInt + 7 butis quicker and easier to enter.

Table 5-2 explains the assignment operators, showing a brief example of each and giving the
equivalent full command.

Table 5-2: Python’s Assignment Operators

Operation Operator Example Equivalent
Assignment Operator
Assignment only = strl = "Manager" Not applicable

Arithmetic and Assignment Operators

Addition and assignment += x += 1 x =x + 1
Subtraction and assignment -= X -= 2 X =% - 2
Multiplication and assignment *= x *= 3 X =x * 3
Division and assignment /= x /= 4 x=x/4
Percentage and assignment %= X %= 6 X =x5%6
Floor division and assignment //= x //= x=x//7
Exponentiation and assignment *ok= X **= 8 X = x ** 8
Bitwise and Assignment Operators

In-place AND and assignment &= a &= b a=as&hbh
In-place OR and assignment = a|=b a=al|b
In-place XOR and assignment ~= a*=b a=a’b
Bitwise right shift and assignment >>= X >>= 2 X = X >> 2
Bitwise left shift and assignment <<= X <<= 3 X = X << 3

The first of the assignment operators, =, needs no introduction, as you have already used it
extensively to assign values to variables. Beyond this, you will recognize the arithmetic-plus-
assignment operators from the earlier section, “Meet the Arithmetic Operators.” For example, the
+ operator performs addition, and the += operator performs addition and assignment.

The five assignment operators that include bitwise operations — &=, |=, *=, >>=, and <<= —
evaluate and manipulate the bit values in binary numbers and then perform assignment. See the
section “Meet the Bitwise Operators,” later in this chapter, to learn the details of bitwise operations.
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n the previous section, “Meet the Assignment Operators,” you learned about the assignment

operators Python provides and what they do. In this section, you use two of the arithmetic-and-
assignment operators to manipulate the existing values of variables and then reassign the result
back to the same variables. See the section “Meet the Bitwise Operators,” later in this chapter, for
examples of working with Python's bitwise operators.

Work with
0 Open a terminal window and launch oo g.,,,_p,m,,,,_smza
Python. guy@Mac-Pro-7 ~ % python3 B
Python 3.10.8 (v3.10.0:b494f5935c, Oct 4 2821, 14:59:20) [
The Python prompt appears. Clang 12.0.5 (clang-1205.0.22.11)] on darwin
Type "help", "copyright", "credits" or "license" for more i
9 Type the following statement, which nfermation.
. >>> myNum = 2
creates the variable myNum and ?myNum iz 1
assigns the value 2 to it, and then >> print(myNum
3
press (Z100. >>> ]
myNum = 2

6 Type the following statement, which
gets the value in myNum, adds 1, and
then reassigns the resulting value to
myNum.

myNum += 1

0 Type the following statement, and

then press (5177), to display the value e e P ————
of myNum. guy@Mac-Pro-7 ~ % python3 n
. Python 3.10.8 (v3.10.0:b494f5935c, Oct 4 2021, 14:59:20) [
print (myNum) Clang 12.0.5 (clang-1205.0.22.11)] on darwin
. Type "help", "copyright", "credits" or "license" for more i
Python displays the value of myNum, 3. nformation.
>>> myNum = 2
a Type the following statement, which >>> myNum += 1
o 4. . int N
uses the exponentiation and assignment R

operator, and then press (Z0). >>> myNum *#= 3

@print(myNum)
myNum **= 3 7

>>>

@ Type the following statement, and then
press (F1J, to display the value of
myNum again.

print (myNum)

Python displays the value of myNum, 27.
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hen you need to compare values in your code, you use Python’s comparison operators. The

comparison operators enable you to determine whether two values are equal or not equal;
whether one value is greater than or less than another value; and whether one value is greater than
or equal to, or less than or equal to, another value.

Table 5-3 explains the comparison operators. Chances are that you will be familiar with most of these
from math class.

Table 5-3: Python’s Comparison Operators

Comparison Operator Example Returns
Equal to == 1 ==1 True
Not equal to 1= 7 1= 7 False
Greater than > 5 >3 True
Less than < 5 < 3 False
Greater than or equal to >= 7 >= 7 True
Less than or equal to <= 7 <= 6 False

The exception is the equal-to operator, ==, which uses two equal signs because Python uses a single
equal sign, =, as the assignment operator for assigning value to variables. This operator checks
whether the two values are mathematically equal but not whether they are the same item. If you
need to check whether two items are the same, use the is operator for the comparison; see the
section “Meet the Identity Operators,” later in this chapter.

Each comparison operator returns the Boolean value True if the comparison is true and the Boolean
value False if the comparison is not true.

Examples of Using Comparison Operators
Here are examples of using comparison operators with two variables:a = 1 andb = 2:

a == b returns False.
a != b returns True.
a > breturns False.
a < b returns True.
a >= b returns False.

a <= b returns True.
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n the previous section, “Meet the Comparison Operators,” you learned about the comparison

operators Python provides and how they work. In this section, you try the comparison operators.
You start with integer values that make it easy to verify that you are getting the results you expect,
move on to comparing strings, and then compare a binary value with a decimal value.

Work with the Comparison Operators

0 Open a terminal window and launch acummandpmmpt.mma -~ o x
Python' IC:\Users\guy>python
Python 3.10.0 (tags/v3.10.0:b494f59, Oct 4 2021, 19:00:18
The Python prompt appears. D™ [MSC v.1920 64 bit (AMD64)] on win32
Type "help", "copyright", "credits"” or "license" for more
. . information.
9 Type the following statement, which uses b>> 4 == 2 % 2
True
the == operator, and then press (Z1C0. P>> 2/3 1= 4/6
alse
4 == 2 * 2 P>>
Python returns True, because the result
of multiplying 2 by 2 is 4.
Q Type the following statement, which uses
the 1= operator, and then press (Z15).
2/3 1= 4/6
Python returns False, because the two
operands have the same value.
0 Type the following statement, which uses the >  [&@ commandpromt - o x
operaton and then press [::::]' C:\Users\guy>python
Python 3.10.0 (tags/v3.10.0:b494f59, Oct 4 2021, 19:00:18
"expenses" > "expense" D [MSC v.1929 64 bit (AMD64)] on win32
Type "help", "copyright", "credits" or "license" for more
. information.
Python returns True, because the string p>> 4 =2 % 2
. rue
expenses evaluates to greater than the string  p>»> 2/3 1= 4/6
False
expense. >>> "expenses" > "expense"@
. . 0b100000 >= 32
e Type the following statement, which uses the e gl
>= operator, and then press [Z713. P>
0b100000 >= 32
Python returns True, because the binary value
100000 is equal to the decimal value 32.
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ython provides three logical operators that enable you to make logical comparisons in your code.

The and operator returns True if both the operands evaluate as True. The or operator returns
True if one or both operands evaluate as True. The not operator reverses the Boolean value of the
operand, changing the value True to False and the value False to True.

Table 5-4 lists Python's logical operators.

Table 5-4: Python’s Logical Operators

Comparison Operator Explanation
AND and Returns True if each statement tested is True; otherwise returns False.

OR or Returns True if one or more of the statements tested is True; returns False if none
of the statements is True.

NOT not Returns False if the statement tested is True; returns True if the statement
tested is False.

Understanding How the Logical
Operators Work

The first figure shows how the and operator
works. If the first statement is False, the and
operator returns False without evaluating the
second statement; but if the first statement is
True, the and operator evaluates the second
statement, returning True if it is True and
False if it is False. v ¥ v

. x AND y = False xAND y =True
The second figure shows how the or operator m

works. If the first statement is True, the or
operator returns True without evaluating the
second statement; but if the first statement is
False, the or operator evaluates the second
statement, returning True if it is True and
False if it is False.

meRy=True x ORy =False |xORy =True
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n the previous section, “Meet the Logical Operators,” you learned about the logical operators
Python provides — and, or, and not — and the operations they perform. In this section, you
practice using these operators with straightforward examples.

To work through these examples, open a terminal window on your computer. As you work, remember
that Python requires initial capitalization on the terms True and False. Any other capitalization,
from TRUE to true, produces a NameError error saying that the name is not defined. Similarly, you

must use lowercase for and, or, and not.

0 Open a terminal window and launch
Python.

The Python prompt appears.

9 Type the following statement, which
uses the and operator, and then

press (5.

True and True

Python returns True, because both statements
are True.

e Type the following and statement, and then
press (Z150.

True and False

Python returns False, because only one
statement is True.

0 Type the following or statement, and
then press (Z150.

True or True

Python returns True, because at least one
statement is True.

e Type the following or statement,
and then press (Z10).

True or False

Again, Python returns True,
because one statement is True.

-] (ummind?mmm-Dﬂhuﬂo - O X

IC:\Users\guy>python

Python 3.10.0 (tags/v3.10.0:b494f59, Oct 4 2021, 19:00:18) [MSC v.192
P 64 bit_ (AMDB4)] on win32

Type "help", "copyright", "credits" or "license" for more information.

p>> True and True
True

B>> True and False
False

P>> o

B Command Prompt - =] X

Ic:\Users\guy>python

Python 3.10.0 (tags/v3.10.0:b494f59, Oct 4 2021, 19:00:18) [MSC v.132
P 64 bit (AMDG4)] on win32

Type "help", "copyright", "credits" or "license" for more information.

p>> True and True
True

B>> True and False
False

p>> True or True

True
True or False
rue

p>> not True
False
B>

Q Type the following not statement, and then
press (Z1-].

not True

Python returns False.
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ython provides two identity operators that you can use to compare the identity of objects.

Comparing identity means checking that the two objects are actually the same object, in the
same memory location. This is different from checking that the objects are equal, which means they
have the same value. Two objects can be equal without being the same object.

You use the is operator to check that objects have the same identity, and you use the is not
operator to check that objects have different identities.

Table 5-5 explains the identity operators.

Table 5-5: Python’s Identity Operators

Identity Operator Example Returns
The first operand is the same object as is iteml is  True if the objects are the same object,
the second operand. item2 False if they are different objects

The first operand is not the same object is not iteml is  True if the objects are not the same object,
as the second operand. not item2 False if they are the same object

Understanding the Identity Operators

Python stores each distinct object at a separate memory location. The is operator and the is not operator
use the memory locations to determine whether two objects are the same object or different objects.

For example, the first of the following statements creates the variable item1 and assigns the value 7 to it.
The second statement creates the variable item2 and assigns to it the value contained in itemi. This
assignment makes the two objects the same. The third statement uses the is operator to compare iteml
and item2. Because the objects are the same, this statement returns True.

iteml = 7

item2 = iteml

iteml is item2

Another way to determine whether two objects are the same is to see whether they have the same memory
location. You can use the id () function to display the memory location at which an object is stored.
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n the previous section, “Meet the Identity Operators,” you learned about Python’s two identity

operators, is and is not, and what checking identity entails. In this section, you try using
these operators. You also use the id () function to return the memory location of two objects,
another way of determining whether the objects are the same.

| Work with the Identity Operators

0 Open a terminal window and launch Python.
The Python prompt appears.

Q Type the following statement, which creates
the variable item1 and assigns it the value 7,

and then press (Z100).
iteml = 7

€ Type the following statement, which creates
the variable item2 and assigns it the value
of item1, and then press (Z1-1.

item2 = iteml

0 Type the following statement, which uses the
is operator to compare the objects, and then

press (Z1.0.

iteml is item2

Python returns True, because the objects are
the same.

6 Type the following statement, which uses the
id () function to return the memory location of
item1, and then press (5.

id(iteml)

Python displays the memory location, such as
1743901755952.

@ Type the following statement, which returns the

memory location of item2, and then press (5.

id(item2)
Python displays the memory location.

You can see it matches the location for iteml.

&8 Command Prompt - pythen - o x
pt - pyt

IC:\Users\guy>python
Python 3.10.0 (tags/v3.10.0:b494f59, oct 4 2021, 19:00:18)
[MSC v.1929 64 bit (AMD64)] on win32

Type "help", "co ight", "credits" or "license" for more in
[formation. ﬁ

>>> iteml = 7

>>> item2 = itemlo

>>> iteml is item2

True

>>>

&8 Command Prompt - O X

IC:\Users\guy>python

Python 3.10.0 (tags/v3.10.0:b494f59, oct 4 2021, 19:00:18)
[MSC v.1929 64 bit (AMD64)] on win32

Type "help", "copyright", "credits" or "license" for more in
[Formation.

>>> iteml = 7

p>> item2 = iteml

>>> iteml is item2

True
b>> id(d teml)@
58223903152

4
&i d(item2)
458223903152

>>>
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ython’s membership operators give you a way to test whether a value appears in a particular
sequence or iterable object. For example, if you have a list of machine parts, you can use the
membership operators to determine whether the list includes a particular part number.

The in operator returns True if the sequence is included in the object and returns False if it
is not. The not in operator works the other way around, returning True if the sequence is not
included in the object and returning False if it is.

Table 5-6 explains Python’s two membership operators.

Table 5-6: Python’s Membership Operators

Membership Operator Example Returns
The item is included in the selection. in "dog" in ["cat", "dog"] True
The item is not included in the selection. not in "cat" not in ["cat", "dog"] False

Understanding the Membership Operators
You can use the membership operators with any of Python’s sequence objects or iterable objects: dictionary,
list, set, string, and tuple.

For example, the first statement in the following code creates a list named partNumbers and assigns three
alphanumeric strings to it. The second statement tests whether the string A104 appears in the list.

partNumbers = ["Al04", "Al05", "Al06"]
"A104" in partNumbers

This example returns True.
Similarly, the following statement tests whether the string Boxing appears in a classic pangram string:

"Boxing" in "The five boxing wizards jump quickly."

This example returns False, because Boxing has an initial capital, whereas boxing does not.
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n the previous section, “Meet the Membership Operators,” you learned about Python’s two
membership operators, in and not in. In this section, you explore some quick examples using
these operators to check whether a specific value is present in a list and whether a substring is

included in a string.

\ Work with the Membership Operators

0 Open a terminal window and launch Python.
The Python prompt appears.

9 Type the following statement, which creates
the variable myList and assigns to it a short
list of integers, and then press (5.

myList = [1, 3, 5, 7, 11]

Type the following statement, which creates
the variable myPrime and assigns the value 7
to it, and then press (Z1:].

myPrime = 7

e Type the following statement, which tests
whether myPrime is in myList, and then

press (Z1.0.

myPrime in myList
Python returns True.

a Type the following statement, which tests whether
8 is in myList, and then press (F150.
8 in myList
Python returns False.

@ Type the following statement, which creates the
variable mySstring and assigns a string, and then

press (S0
myString = "North, South, West"

0 Type the following statement, which tests
whether East appears in myString, and then

press (1.0

"East" in myString

Python returns False.

Command Prompt - python - a X
pt - pytl

IC:\Users\guy>python

Python 3.10.0 (tags/v3.10.0:b494f59, oct 4 2021, 19:00:18)
[MsC v.1929 64 bit (AMD64)] on win32

Type "help", "copyright", "credits" or "license" for more in

[Formation.
[1, 3, 5, 7, 11]0

>> myList =

myPrime = 7 .
> myPrime in myL'lst@
rue

>>

@8 Command Prompt - [m] bd

IC:\Users\guy>python

Python 3.10.0 (tags/v3.10.0:b494f59, Ooct 4 2021, 19:00:18)
[MSC v.1929 64 bit (AMD64)] on win32

Type "help", "copyright", "credits" or "license" for more in
[formation.
>>> myList = [1, 3, 5, 7, 11]
>>> myPrime = 7

>>> myPrime in myList

True

>>> 8 in myL'istQ

False

>>> myString = "North, South, WEst‘@
>>> "East" 1n myString

False

>>>
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ython includes six bitwise operators for performing Boolean logic on individual bits. The first

three bitwise operators — AND, OR, and XOR — are for making comparisons between bits. The
fourth bitwise operator, NOT, inverts the value of each bit. The last two bitwise operators enable you
to shift the bits in the binary number either to the left, by adding zeros to the end of the number
and discarding the equivalent number of bits from the start; or to the right, by adding copies of the
leftmost bit to the start and discarding the equivalent number of bits from the end.

Table 5-7 explains Python's bitwise operators.

Table 5-7: Python’s Bitwise Operators

Operation Operator Explanation Example Returns
Bitwise & Returns 1 if each bit has the value 1; otherwise, 1 &1 1
AND returns 0. 0 &1 0
Bitwise Returns 1 if either or both bits have the value 1; otherwise, 1 | 1 1
OR returns 0. 1] 0 1
0] o0 0
Bitwise Returns 1 if only one bit has the value 1; otherwise, returns 0 * 1 1
XOR 0. 1% 1 0
Bitwise ~ Inverts the value of each bit. ~1&1 0
NOT ~0&0 1
~1&07%1 1
Zero-fill << Shifts the binary digits left, adding zeros to the right end and 1 << 16 65536
left shift discarding the equivalent number of bits from the left end.
Signed >> Shifts the binary digits right, adding copies of the leftmost 65536 >> 8 256
right shift bit at the left end and discarding the equivalent number of

bits from the right end.

Understanding the Bitwise Operators Table 5-8: Python’s Bitwise Operators

Pytl.won. J b1tw1s§ operators enable you tg use Boole.an logic Input 1 Input 2 Bitwise Bitwise Bitwise
on individual bits and to perform bit-shifting, moving the AND OR XOR
digits in a binary number to the left or right.

Table 5-8 shows the output of the bitwise AND, OR, and 2 i Z j i
XOR operators. The difference between the bitwise or

operator and the bitwise XOR operator is that XxorR = g g = =
performs an exclusive OR operation, so it returns 1 only if 1 1 1 1 0

its two inputs differ from each other. By contrast, the
bitwise OR returns 1 if each input evaluates to 1 as well as if only one input evaluates to 1.

Earlier in this chapter, you met three assignment operators that include bitwise operations: *=, >>=, and
<<=. These operators work in the same way as the bitwise-only &, >>, and << operators, except that they
also reassign the resulting value to the operand.
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n the previous section, “Meet the Bitwise Operators,” you learned about Python’s six bitwise

operators. In this section, you use these operators to manipulate individual bits. You start by
performing bitwise AND, OR, and XOR operations; you then use the bitwise NOT operator to invert bit
values; and you finally use the zero-fill left shift operator and the signed right shift operator to shift

binary digits to the left and to the right.

Work with the Bitwise Operators

0 Open a terminal window and launch Python.
The Python prompt appears.

e Type the following statement, which uses the
bitwise AND operator, and then press [Z].

1 &1

Python returns 1, because each bit has the value 1.

6 Type the following statement, which uses the
bitwise or operator, and then press (Z11.

1|1

Python returns 1, the result of the nonexclusive or
comparison.

0 Type the following statement, which uses the
bitwise xOR operator, and then press (Z1-].

A

1 1

Python returns o, the result of the exclusive or
comparison.

e Type the following statement, which uses the
bitwise NOT operator, and then press [(Z:1.

~1
Python returns -2, the result of inverting the bit.

Type the following statement, which uses the
zero-fill left shift operator, and then press (=13

1l << 8
Python returns 256, which is binary

100000000 — 1 shifted left by 8 places, which
are then filled with zeros.

eoe guy—l’ylhon—sﬁxlao
L]

guy@Mac-Pro-7 ~ % python3

Python 3.10.0 (v3.10.0:b494f5935c, Oct 4 2021, 14:59:20
) [Clang 12.0.5 (clang-1205.0.22.11)] on darwin

Type "help", "copyright", "credits" or "license" for mor

e informatiol
>>> 1 & 1%
1
1]1
1
33> 1 A 10

>>> |1

o0® 0 guy — -zsh — 56x23
guy@Mac-Pro-7 ~ % python3 L
Python 3.10.0 (v3.10.0:b494f5935c, Oct 4 2021, 14:59:20
) [Clang 12.8.5 (clang-1205.0.22.11)] on darwin

Type "help", "copyright", "credits" or "license" for mor
e information.

>>> 1 & 1

1

>>> 1| 1

1

53> 1 M1

o
>>> ”‘1@
-2
33> 1 << 80
256
&n 256 >> 8
1

>>>

0 Type the following statement, which uses the
signed right shift operator, and then press (Z.00:

256 >> 8
Python returns 1, the result of shifting binary

100000000 right by eight places, placing a
copy of the leftmost bit at the left end.
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CHAPTER 6

Making
Decisions with
if Statements

Python includes all the tools you need to make decisions easily and
effectively in your code. In this chapter, you meet Python’s if statements,
if... else statements, and if... elif statements and put them to work
in your code. You also learn how to nest if statements to make complex
decisions in your scripts.

print ("x is greater than 10.")
<5
print ("x is less than 5.")
elif x == 5:
print ("x equals 5.")
else:
print ("x is more than 5 but less than 11.")

Evaluate if
condition
x > 10

Execute if block Evaluate first

print ("x is greater 11 condition

than 10.") ERE

Execute first elif block
print("x is less Evaluate
than 5.") second elif
condition
x==5

q Execute else block
il el il Loy print("x is more than
print("x equals 5.%) 5 but less than 11.")

Code execution continues
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Learn the Essentials of i £ Statements

'I'o make decisions in your code, you use Python’s various types of if statements. When an if
statement’s condition evaluates to True, Python runs the code that follows the statement. An
if... else statement runs the if code when the condition is True and the else code when it
is False. An if... elif statement can evaluate not only the if condition but also one or more
elif conditions, as needed; you can add an else statement that runs code when both if and all
elif conditions evaluate to False. You can nest if statements to make complex decisions.

Essential Features of if If x > 10:

Statements print ("x is greater than 10.")
else:

The three main forms of if statement are print ("x is 10 or less.")

plain if, if... else, and if...

elif. The if statement looks like this,
with italics indicating placeholders:

!

if expressionl:

code block 1 Evaluate i f
condition
The if... else statement looks like x > 10
this and is illustrated nearby:
if expressionl: B@gmeifbpw Q@cMee%sebbd
print("x is print("x is 10 or
code block 1 greater than 10.") less.")

else:
code block 2

The if... elif statement looks like

this:
if expressionl:

> <
code block 1 )

code block 3
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CHAPTER

Making Decisions with if Statements

The following list explains the components of these if statements:
e The if keyword introduces the if statement.

® expressionl and expression2 are expressions that evaluate to a Boolean True value or a Boolean
False value. For example, if x = 10: evaluates to True if x equals 10 but evaluates to False if x
evaluates to anything other than 10.

® A colon (:) follows expressioni or expression2. This colon is required; Python throws a
SyntaxError: expected ':' error if you omit the colon.

e Similarly, a colon (:) follows the else statement. This colon is required.

® code block 1 is an indented block containing one or more statements that Python executes after the
if condition evaluates to True.

® code block 2is an indented block containing one or more statements that Python executes after the
if condition evaluates to False.

® code block 3is an indented block containing one or more statements that Python executes after the
elif statement evaluates to True.

Each code block must be indented; if not, Python returns an IndentationError error, such as
expected an indented block after 'if' statement. Visual Studio Code and other editors can
automatically apply the required indentation for you.

The end of the indentation marks the end of the code block attached to the if statement. Execution
resumes at the next line that does not have the indentation.

You may want to leave a blank line after the end of an if block to make your code easier to read, but
there is no need to do so.
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Understanding the i £ Statement

hen your code needs to make a straightforward decision between taking an action and not

taking an action, you can use an if statement. For example, your code might check the value of
a variable to see whether it is 100 or more. If the value is indeed 100 or more, the code would take
action by running the if code block; if the value is less than 100, the code would take no action.

How the if Statement Works

An if statement begins with the if keyword followed by the expression to be evaluated for the condition.
The statement ends with a colon. If the expression evaluates to True, the statements in the code block run.

if expression:
code block

If x > 10:
print ("x is greater than 10.")

!

For example, the following if statement checks
whether the value of the variable x is greater than
10. If so, the print () statement runs. The
illustration represents the flow of execution.

if x > 10:
print ("x is greater than 10.")
Evaluate if
When an if statement’s code block contains only condition
a single statement, you can place that statement ® = 10
on the same line of code as the if statement. For Execute if block

print("x is

example, the following if statement’s code block greater than 10.")

has only a single statement:

if ampm < 12:
print ("Good morning!")

Instead, you can place the code block on the same
line:

Code execution continues

if ampm < 12: print ("Good morning!")
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CHAPTER

Create an if Statement

Astraightforward if statement enables you to test a condition and take action if that condition
evaluates to True. For example, your code may need to evaluate input provided by the user and
take action if the input is of a certain type. If the condition evaluates to False, the code takes no
action. Execution continues at the line of code after the end of the if statement.

Create an if Statement \

0 In Visual Studio Code, create a new script, and eoe n,smememﬂ
then save it. # if_statement 3 X bo @ -

Users > guy > Dropbox > TYV_Python > Code > Assorted & if_statement
x = input("Enter a number between 1 and 2@ (inclusive): “)0

1

2 x = int(x)
3 if x > 10;
4

Q Type the following statement, which creates a
variable named x and assigns to it the string | L
resulting from prompting the user to enter a 6
number between 1 and 20. Press (Z100.

X = input ("Enter a number between
1 and 20 (inclusive): ")

e Type the following statement, which converts the
string x to an integer and assigns the result back

to x. Press (512].

X = int (x)

O Type the following if statement, which tests o il T v e S
whether x is greater than 10. Press (5. sce . staamen
if x > 10: e o i+ &DQ
1 x = input("Enter a number between 1 and 2@ (inclusive): ")
@ Visual Studio Code automatically indents the next 3 irweae i
line for you to enter the code block. .

print("x is greater than 1@.")0

a Type the following statement, which uses the
print () function to display a message, and then

PROBLEMS ~ OUTPUT  TERMINAL  DEBUG CONSOLE +v oA x

ried/if_statement
Enter a number between 1 and 20 (inclusive): 11 (3] python
% is greater than 10

print ("x is greater than 10.") Quyac-hro2 ~ % i

@ click Run Python File in Terminal ([>).

press D' gquy@ac-Pro-2 ~ % /usr/local/bin/python3 stErsfguw[!rE:bnx/TV\LPythun/(nde/Assu ) zsh

The Terminal pane appears.

0 Type a number greater than 10 and press (Z1).

. Pythen 3.10.0 64-bit CodeTogether @0 A 0 Ln5,Col5 Spaces:4 UTF-8 LF Python & 0 |

© Python displays the message x is greater
than 10.

Click Run Python File in Terminal ([>) again, but this time type a number less than 11, and then press
(Z12). This time, the condition evaluates to False, so the code block does not run, and Python does not
display the message.
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Understanding the if... else Statement

hen your code needs to decide between two paths of action, use an if... else statement.

The if line contains an expression that evaluates to a Boolean True or a Boolean False.
If the expression evaluates to True, Python runs the statements in the code block that follows
the if line. After this code block comes the else line, followed by the code block containing the
statements for Python to run if the expression evaluates to False.

How the if...else Statement T e . 0

Works print ("x is greater than 10.")
else:

An if... else statement begins with print ("x is 10 or less.")

the if keyword followed by the

expression to be evaluated for the I

condition. The statement ends with a
colon. If the expression evaluates to
True, the statements in the if code Evaluate if
block run. If the statement evaluates to condition
False, execution moves to the else * > 10
line, and the statements in the else

code block run. Execute if block Execute else block
print ("x is print ("x is 10 or
if expression: greater than 10.") less.")
code block 1
else:

code block 2

Continuing the previous example, the
following if statement checks whether
the value of the variable x is greater

than 10. If so, the if code block runs, Code execution continues
and the print () statement displays a

message that x is greater than 10; if not, the else statement’s code block runs, making its print ()
statement display a message that x is 10 or less. The nearby illustration shows the flow of execution.

if x > 10:

print ("x is greater than 10.")
else:

print ("x is 10 or less.")
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CHAPTER

Create an if... else Statement

nif... else statement enables you to test a condition and take one of two courses of action

depending on the result. If the condition evaluates to True, Python runs the statements in the
code block that follows the if line; if the condition evaluates to False, Python runs the statements
in the code block that follows the else line.

Create an if.... else Statement

0 In Visual Studio Code, create a new script, and °oe "e'sef-'atwm{
N @ if_statement @ if else statement X pv @ -
then Save ]t' Users > guy > Dropbox > TYV_Python > Code > Assorted > @ if else statement
. 1 x = int(input{"Enter a number between 1 and 20 (inclusive]@
Type the following statement, and then press R
. . 1 X > H
(Z12. This statement creates a variable named x, 3 | print(*x is greater than 1@.")0 -
prompts the user to enter a number, converts the !
input string to an integer, and assigns it to x.
X = int (input ("Enter a number between
1 and 20 (inclusive): "))
6 Type the if condition, the colon, and the
print () statement, as before. Press (Z151.
if x > 10:
print ("x is greater than 10.")
O Press (:Z0C 07 to remove the indent, type the | 004 Ln Col5_opsces:d_UTR-a_LF_Python &0
else statement and its colon, and then press ) W els statemanc
@ if_statement @ if else statement X &50
:]' Users > guy > Dropbox > TYV_Python > Code > Assorted > @ if else statement
1 x = int(input(“Enter a number between 1 and 2@ (inclusive)
else: ¢ )
2 if x > 10:
@ Visual Studio Code applies an indent after the 4, R a
else: ljne- 5 print("x is 18 or less"‘)o
6
6 Type the following print () statement, and
PROBLEMS OuTPUT TERMINAL DEBUG CONSOLE ++ A X

then press (Z1).

print ("x is 10 or less.")

@ click Run Python File in Terminal ([>).

Enter a number between 1 and 20 (inclusive): 7
X 1s 10 or less.

quy@Mac-Pro-2 ~ % /usr/local/bin/python3 "/Users/guy/Qropbox/TYV_Python/Code/Ass B zsh
orted/if else statement (3] Python
quy@ac-Pro-2 ~ % Il

The Terminal pane appears.

0 Type a number less than 11, and then press (150,

| Python 3.10.0 64-bit CodeTogether & 0 /A0 Ln6 Col§ Spaces:id UTF-8 LF Python & 0 |

© Python displays the message from the else
block.

@ Click Run Python File in Terminal ([>) again. This time, type a number 11 or greater, and then press (Z.].
Python displays the message from the i £ block.
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Understanding the if... elif Statement

hen your code needs to evaluate two or more conditions, use an if... elif statement.

After the if line (which as usual contains an expression that evaluates to a Boolean True or
a Boolean False) and the if code block, the if... elif statement has one or more elif lines,
each of which contains another expression to evaluate. After the if expression evaluates to False,
Python evaluates the first e1if expression, running its code block if it evaluates to True or moving
along to the next elif line if it evaluates to False.

How the if... elif If x > 10:

Statement Works print ("x is greater than 10.")
elif x < 5:

The if... elif statement print ("x is less than 5.")

consists of an if line with an

expression to evaluate, ending in I

a colon; a code block to execute
if the expression evaluates to
True; an elif line, likewise with Evaluate if
an expression and ending in a condition

x > 10
colon; and a code block to

evaluate if the elif expression
Execute if block

evaluates to True. Here is a “print ("x is Evscl)unadt;g:]ﬁ
pseudocode representation: greater than 10.") e

if expressionl:
code block 1 Execute elif block
g g 3 print ("x is less
elif expression2: than 5.")
code block 2

Here is an example, also
illustrated nearby:

if x > 10:

print ("x is greater
than 10.")
elif x < 5:

print ("x is less
than 5.")

Code execution continues

You can add as many elif statements as you need to test more than two conditions. You can also add an
else statement after the last elif statement, making an if... elif... else statement. See the
section “Understanding the if... elif... else Statement,” later in this chapter, for an example.
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CHAPTER

Create an if... elif Statement

nif... elif... statement enables you to test multiple conditions, taking different actions

depending on which condition evaluates to True and taking no action if each condition
evaluates to False. As usual, the if line is followed by its code block; similarly, each elif line is
followed by its code block.

You can use multiple elif lines to test more conditions. You must arrange the elif lines in the
appropriate order for testing, because once a condition evaluates to True, Python executes the
following code block and does not test any further conditions.

In Visual Studio Code, create a new script, and eoe &rnn
then save ]t. if_statement if else statement # if_then_elif statement 3 x B~ @ -

Users > guy > Dropbox > TYV_Python > Code > Assorted > # if_then_alif statement >

1 x = int(input("Enter a number between 1 and 20 (inclusive)
. . p
e Copy and paste — or simply retype — the first 2 )
. . 2 if x = 10:
three lines from the if... else example you 3 | print("x is greater than 10.")0
created in the previous section: g pfes E’ 1
x = int (input ("Enter a number between

1 and 20 (inclusive): "))
if x > 10:
print ("x is greater than 10.")

e Press (5.2] to create a new line, press
((EEE ) to delete the indent, and type the
following elif line. Press (2] again.

elif x < 5:

| Python 3.10.0 64-bit CodeTogether (93 A Ln5, Col5 Spaces:4 UTF-8 LF Python & 0 |

) @ if_then_elif statement

@ Visual Studio Code automatically indents the next

l,ine following the elif l.ine and .its Col_on. l\‘_ﬂa'emertr‘ I ITiI:‘P:tawmpm ‘ %’Jf_th:n_el:sfafﬂmenll X &D v D]
Users > guy > Dropbox /_Python > Code > Assorte if_then_elif statement > ...
. . 1 x = int{input{"Enter a number between 1 and 20 (inclusive) “=
Q Type the following statement, which uses the 2 )
. . . 2 if x > 10:

print () function to display a message about 3 print("x is greater than 10.") -
4  elif x < 5:

the Val.ue Of X, and then preSS :]' 5 print("x is less than 5.”)4
6

print ("x is less than 5.")

. . . . PROBLEMS QUTPUT TERMINAL DEBUG CONSOLE +- o~ X
e Cth Run Python Fi le n Term.lnal (D) fusr/local/bin/python3 “/Users/quy/Dropbox/TYV_Python/Code/Assorted/if_then_elif B zsh
statement"

guy@Mac-Pro-2 ~ % fusr/local/bin/pythan3 " /Users/quy/Eonbox/TYV_Python/Code/Ass L
orted/if_then_elif statement"
Enter a number between 1 and 20 {inclusive): 4

The Terminal pane appears.
@ Type a number less than 5 and press (Z12).

© Python displays the message x is less than 5.

1s less than 5.
quyaMac—Pro-2 ~ % I

| Python 3.10.0 64-bit CodeTogether @ 0 /A Ln6,Col5 Spaces:4 UTF-8 LF Python & 0
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Understanding the if... elif... else

Statement

nif... elif... else statement combines the features of the if... elif statement and

the if... else statement. First, you specify the if condition and the code to run if it evaluates
to True; second, you specify one or more elif conditions, each with the code to run if it is True;
and third, you specify the code to run if both the if statement and each elif statement evaluates to
False. You can include as many elif lines as required for all the conditions you need to test.

How the if... elif... T > 10:
k elifpilzté'jx is greater than 10.")
else Statement Works L
elifix == 5}
The if... elif... else _y, Frint("x equals 5.
Statement consists Of an if l'ine l;rint("x is more than 5 but less than 11.")

with an expression to evaluate,
ending in a colon; a code block

to execute if the expression Evaluate if
di

evaluates to True; one or FETY
more elif lines, each with

o 0 9 Execute if block Evaluate first
an expression, ending in a colon, O eTi£ condition

y x<5
and followed by a code block to
evaluate if that e1if expression Listtis fron 7 i
X print("x is less Evaluate

evaluates to True; the else line, o s second elit
also ending in a colon; and the ==
COde bl‘OCk to exeCUte in the Exelcute second elif block pri%han
else case. Here is a pseudocode FEnE smete 2 5 but dess ehan 41

representation: \_ > P
if expressionl:
Code execution continues
code block 1
elif expression2:
code block 2
[other elif statements]

else:
code block 3

Here is an example, which is illustrated nearby, that uses two elif lines:

if x > 10:
print ("x is greater than 10.")
elif x < 5:
print ("x is less than 5.")
elif x == 5:
print ("x equals 5.")
else:
print ("x is more than 5 but less than 11.")
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Create an if... elif...

elif...

CHAPTER

else Statement

else statement enables you to test multiple conditions, taking appropriate

nif..
Aaction if any condition evaluates to True and taking other action if all the conditions evaluate
to False. The statement begins with an if line and expression, followed by a code block. Similarly,
each elif line contains an expression and is followed by its code block. Finally, the else line
appears, without an expression but followed by its code block.

You can include multiple e1if lines to test multiple conditions.

0 In Visual Studio Code, create a new script, and then save it.

Q Copy and paste — or retype, if you prefer — the first
five lines from the if... else example you created
in the previous section:

x = int (input ("Enter a number between
1 and 20 (inclusive): "))
if x > 10:

print ("x is greater than 10.")
elif x < 5:

print ("x is less than 5.")

6 Press (5.2 to create a new line, press (ZE00 0 to

remove the indent, and then type the following elif
line. Press (Z1) again.

elif x ==

Q Type the following print () statement, and then
press (510,

print ("x equals 5.")

e Press (Z520 .- to remove the indent, type the
following else line, and then press (Z100.

else:

@ Type the following statement, which uses the
print () function to display a message. Press (Z10.

print ("x is more than 5 but less than 11.")
@ Click Run Python File in Terminal ([>).

The Terminal pane appears.

© Type a number — this example uses 5 — and press (ZT7).

© Python displays the appropriate message.

ece \f,ﬂvrm:\me\s:,stalmemﬂ
if else ' it ment @ if_then_elif_else_statement 3 x  [> ~ [0

g ¥ ss0r @ if_then_elif_else_statement
x = int({input("Enter a number between 1 and 2@ (inclusive)
B
if x = 10:

print("x is greater than 18.")
elif x < 5:

print("x is less than 5.")0 A
elif x == 5:

Now e wr

Python 2.10.0 64-bit  CodeTogether @ 3 /\

Ln7,Col§ Spaces:id UTF-8 LF Python & 0

oo e if_then_eiif_else_statement
t if else statement @ if_then_elif statement & If_then_elif_else_statement x

Users > guy > Dropbox > TYV_Python > Code > Assorted > @ if_then_elif_else_statement
1 x = int(input("Enter a number between 1 and 2@ (inclusive)

2

3 print("x is greater than 10.")
4 elif x < 5:

5 print("x is less than 5.")

6 elif x == 5:

7

print("x equals 5.")0
5 else:
9 print("x is more than 5 but less than 11.")@
10

PROBLEMS ~ OUTPUT  TERMINAL  DEBUG CONSOLE Fvoaox

guy@Mac-Pro-2 ~ % Jusr/local/bin/python3 /Users/quy/Dzganox/Try_Python/Code/Asso 3] zsh
rted/if_then_elif else_statenent
Enter a nunber between 1 and 20 (inclusive): 5 (3] Python

% equals 5.
quyaac-Pro-2 ~ % Il

Python 3.10.0 64-bit  CodeTogether @0 A 0

Ln10,Col5 Spaces:4 UTF-B LF Python & (0 |
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Understanding Nested if Statements

hen your code needs to make complex decisions, you can nest one or more if statements

inside another if statement. You can use any type of if statement — a straightforward if
statement, an 1f... else statement, an if... elif statement, oranif... elif... else
statement — as either the outer if statement or the nested if statement, as needed. You may
sometimes need to nest further if statements within your nested if statements.

How Nested if Statements Work

To create a nested if statement, you create the outer if statement of your preferred type and enter the
nested if statements in the appropriate code block. Here is a pseudocode representation that shows an
if... elif statement nestedinan if... elif... else statement:

if expressionl:
if expression2:
code block 1
if expression3:
code block 2
elif expression4:
code block 3
else:
code block 4

Here is a straightforward example of nested if statements. The outer statementis if... elif...
elif... else, and the if block contains two nested if statements.

if n.isalnum() :
if n.isalpha() :

r = "alphabetical"
if n.isnumeric() :
r = "numeric"
elif n.isspace() :
r = "space-based"
elif n.isascii():
r = "ASCII text"
else:
r = "a mystery"

This example demonstrates using several string methods on the string stored in the variable n, which we
assume has been created already. The isalnum () method returns True if the string contains alphanumeric
characters. The isalpha () method returns True if the string contains alphabetical characters, while the
isnumeric () method returns True if the string contains numbers. The isspace () method returns True if
the string consists of spaces. The isascii () method returns True if the string contains ASCII characters.
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CHAPTER

Create Nested if Statements

N ested if statements enable you to make complex decisions in your code. You begin the outer if
statement with an if line that contains the if keyword, an expression that evaluates to True
or False, and a colon. Within the if code block, an e1lif code block, or the else code block,

you nest if statements, as needed. When Python evaluates that if condition or e1if condition as
true, or when it reaches the else line, Python evaluates the nested if statements and continues
executing code accordingly.

0 In Visual Studio Code, create a new script, and then save it. =
Note: Press (5] at the end of each line. 3 :

0 Type the following statement, which uses the input () method to
prompt the user for input:

n = input ("Type something: ")
6 Type the outer if statement, which uses the isalnum() function.
if n.isalnum() :

Type the two nested if statements, which use the isalpha ()
method and the isnumeric () method, respectively, and assign
appropriate text to the variable r.

if n.isalpha() :

r = "alphabetical™"
if n.isnumeric() :

r = "numeric"

Q Type the first e1if statement, which uses the isspace () method.

elif n.isspace():
r = "space-based"

Q Type the second elif statement, which uses the isascii () method.

elif n.isascii():
r = "ASCII text"

0 Type the else statement and its text:
© Click Run Python File in Terminal ([>).

else:
r = "a mystery" The Terminal pane appears.
Q Type the following print () statement to display the @ Type your choice of input, and then
information about n: press (2150
print(n + " is " 4+ r + ".") © Python displays the appropriate message.
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CHAPTER 7

Repeating
Actions with
Loops

In this chapter, you start using Python’s loops to repeat actions as needed in
your scripts. You learn to create both for loops and while loops, use loop
control statements, and nest loops within each other to implement complex
repetition.

for item in collection:
break statement
statements

Is there
another item
in the
collection?

Assign the next item

from the collection
to the variable

Execute the
NECINENS

Evaluate
the break
statement

Code execution continues




Understanding Python’'sLoops . . . . . . . ... ... 144

Understanding How for LoopsWork . . . . . . . . .. 146
Create forLoops . . . . ¢ ¢ v ¢ ¢ ¢t ¢ v v v o o o o 148
Understanding How while Loops Work. . . . . . . . . 150
Createwhile LOOPS . « & ¢ ¢ ¢ ¢ ¢ ¢ ¢ ¢ o o o o o o & 152
Understanding break Statementsin Loops . . . . . . . 154
Using a break Statement to Exit a Loop Early. . . . . . 155
Understanding continue Statements in Loops . . . . . 156
Using a continue Statementinaloop . ... .. .. 157
Understanding else Statements in Loops. . . . . . . . 158
Using an else Statementinaloop. . . . . . . .. .. 159
Understanding Loop Nesting . . . . . ... ... ... 160

Nest Loops to Create Complex Repetition . . . . . . . . 161



Understanding Python’s Loops

hen you need to repeat actions in your code, you can use Python’s loop structures. A for loop
lets you iterate — repeat — actions either once for each object in a collection, such as once for
each letter in a string of text, or a specific number of times, such as 10 times. A while loop enables
you to repeat actions as long as a condition remains True — for example, while a value is above
a specified cutoff. When you need more complex repetition, you can nest either type of loop or a
mixture of the two types.

Using for Loops for Definite Iteration for item in collection:

Statements

A for loop enables you to repeat actions for a
predetermined number of times. This type of
repetition is sometimes called definite iteration.
You can either specify the exact numerical range
through which the loop should iterate, such as

starting at 1 and ending at 101, or specify that Is there
the code should loop once for each element in a ano}:fggem
collection. For example, your code might create collection?
a separate file for each person’s name in a list of  FASEIREND A kil

names. the collec_tion to the
variable

Looping through a numerical range is preferable
when you know in advance exactly how many
repetitions you need. Looping through a
collection of items is helpful when you need to
repeat an action for each item in a specific
collection, but you do not know how many items
that collection will contain.

Execute the statements

Code execution continues

Using while Loops for Indefinite Iteration

A while loop enables you to repeat actions as long as a condition remains True. This type of repetition is
sometimes called indefinite iteration.
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CHAPTER

Repeating Actions with Loops 7

For example, say you want your code to read through a file while condition:
one line at a time, from start to end. To do this using definite statements
iteration, you could determine how many lines the file contains
and then go through line by line, identifying each line by its index
number. But indefinite iteration using a while loop is typically E allate the
faster and more efficient. In the while loop, the code starts at while
the beginning of the file, checking that there is at least one line condition
left to read. While there is at least one more line, the loop repeats.

Execute the
statements

You can also view a while loop as continuing until the condition
becomes False.

Code execution continues

Nesting Loops to Create Complex Repetition

Nesting enables you to run one or more loops inside another
loop. For example, while you are reading each line in a file, you f e
may want to perform a task on each word within that line. You SECIGEl
can do this by nesting a for loop that works with each word on  ga1se L el

a line within a while loop that works on each line in the file. Co’gmma
Take actions

End the End the nested loop
outer loop

Interrupting and Continuing Loops

When your code is executing within a loop, you may find that you have achieved the result you want and
that continuing the loop may waste time or do something counterproductive. In such situations, you can
use a break statement to interrupt the loop and immediately continue with the code that follows it.

Conversely, conditions may arise in your code that require skipping the rest of the current iteration of the
loop but then continue the loop at the next iteration rather than breaking out of the loop. You can achieve
this by using the continue statement.
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Understanding How for Loops Work

In Python, a for loop enables you to perform definite iteration, repeating an action or a set of
actions for a specific number of times. The number of repetitions is controlled by the iterable
collection you use for the loop. This collection can be a list, a tuple, a set, a dictionary, or even a
string of text; you can also iterate through a collection of open files or a collection of custom objects
you have created. For example, a for loop that works with a five-item list will iterate five times.

Understanding the Structure of a for Loop

The structure of a for loop is to use a variable to iterate through an iterable item. The iterable item is
usually a collection, such as a list, a tuple, or a set.

A for loop starts with the for keyword, as in the following pseudocode and diagram, where the italics
represent placeholders. The in keyword precedes the iterable’s name, which a colon follows. After the colon,
the loop’s statements are indented by four spaces. When the indentation ends, the loop ends.

for variable in iterable:
statements

On the first iteration through the loop, Python for Keyword Variable in Keyword Iterable Colon
allocates to variable the first item in iterable

and runs statements. On each subsequent
iteration, Python allocates the next item in for variable in iterable:
iterable to variable and runs statements. 00 statements

The loop ends after Python has run statements for
the last item.

Four spaces of Loop statements
indentation

Using a for Loop with a List
The following statements show a for loop that works through a list:
cities = ["Atlanta", "Boston", "Chicago", "Denver"]
for city in cities:

print (city)

146



CHAPTER

Repeating Actions with Loops 7

The first statement creates the variable cities and assigns to it a list of four cities, At1anta, Boston,
Chicago, and Denver. The second statement contains the for statement, which creates the variable city
and specifies cities as the iterable. The third statement simply uses the print () function to display the
value of the variable city.

When you run this code, Python iterates through for Keyword Variable in Keyword lIterable  Colon
the loop four times, once for each city, and displays ‘ /

the following:
] for city in cities:
O000print (city)

Atlanta
Boston
Chicago
Denver

Four spaces of Loop statements
You can create similar loops for other collections, indentation
including sets, tuples, dictionaries, and strings.

Using the range () Function to Create a Numeric for Loop
When you need to loop through a sequence of nonsequential numbers, you can put them in a set and loop
through the set. For example, the following for loop works through the numbers 4, 7, and 11 in a set:

for num in (4, 7, 11):
print (num)

This approach works fine, and you can use it for sequential numbers as well if you want — for example, for
num in (1, 2, 3).Butwhen you have many sequential numbers, using Python’s range () function is a
better solution.

In the following example, the first line creates the variable r1 and uses the range () function to assign to
it a range of 20 items. The second line creates the variable num and uses it in a for loop that iterates
through ri. The third line, indented four spaces as usual, simply prints the current value of num.

rl = range (20)
for num in ril:
print (num)

This example outputs 20 numbers, starting with 0 and ending with 19.

0
1

19
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Create for Loops

Python’s for loops enable you to iterate quickly and easily through various kinds of collection
objects. In this section, you create for loops that iterate through three widely used types of
collections: a list, a string, and a dictionary.

Before we begin, here is one thing to keep in mind: Because Python uses indentation to denote control
structures, you must indent each subordinate statement under the for statement by four spaces.

Create for Loops

Create a for Loop That Uses a List O— SR
@ Open a terminal window and launch Python. e\t DI 1 2020, 201298 |
MSC v.1929 64 bit (fMDeu)] on w%nB) ) )
The P thon rom t a ears. 2’;: gl;ﬁl‘.p", "copyright", "credits" or "license" for more inf
o y p p pp &*” :ities = ["Atlanta*, “Boston", “Chicago", "Denver"
. . . >>> for city in cities:

9 Type the following statement, which creates a variable named oy e

cities and assigns to it a list of four cities. Press (5.

cities = ["Atlanta", "Boston", "Chicago",

"Denver"]

e Type the following two-line for statement, which uses the
variable city to iterate through the items in the cities
list. Press (2. at the end of each of these two lines.

for city in cities:

print (city) B Conmant ot -t | £ - 1 x
@ Press (57771 on the third line to end the for loop. B o Fagars T hassace, oan 17 242, Li2r2E |
MSC v.1929 64 bit (AMDE4)] on win32
. . Type *help”, "copyright*, “credits® or *license” for more inf
Python runs the loop and displays the following: omation. ,
>>> cities = ["Atlanta", "Boston", "Chicage", "Denver"]
>>> for city in cities:
At l anta 500 priﬁt(city)
Boston Qﬁ;izﬁa
Chicago Denver.
>>> st = “duty"{
Denver >>> for s in st:
print[s)v
Create a for Loop That Iterates Through a String

o Type the following statement, which creates the variable st
and assigns a string of text to it. Press (2.

st = "duty"

o Type the following two-line for statement, which uses the variable s to iterate through the letters in the
st string. Press (Z1] at the end of each of these two lines.

for s in st:
print (s)

€@ Press (Z17 on the third line to end the for loop.
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Python runs the loop and displays the following:

d
u
t

Y
Create a for Loop That Iterates Through a
Dictionary

o Type the following statement, which creates the
variable d1 and assigns a short dictionary to it. Press
(1) at the end of each line.

di = {
"country": "USA",
"state": "Alaska",
"city": "Anchorage"
}

e Type the following two-line for statement, which
uses the variable a to iterate through the keys in the
d1 dictionary, retrieving the value for each key and
displaying it together with the key. Press (517 at the
end of each of these two lines.

for a in dil:
print(a + ": " + dilal)

e Press (511 on the third line to end the for loop.
Python runs the loop and displays the following:

country: USA
state: Alaska
city: Anchorage

CHAPTER

Repeating Actions with Loops 7

& Commend Prompt-pythen X | b - o x

C:\Users\GuyHart-Davis>python

Python 3.10.2 (tags/v3.10.2:a58ebcc, Jan 17 2022, 14:12:15) [
MSC v.1929 64 bit (AMD64)] on win32

Type "help", "copyright", "credits" or "license" for more inf
ormation.

>>> cities = ["Atlanta", "Boston"”, "Chicago"”, "Denver"]
>>> for city in cities:
print(city)
Atlanta
Boston
Chicago
Denver

>>> st = "duty”
>>> for s in st:
print(s)

Q- -

u
t
y

>>> dl = {
o "country": "USA",

"state": "Alaska" ,{
"city": "Anchorage”

j

& Commend Prompt-pythen X | b - o x
>>> cities = ["Atlanta", "Boston"”, "Chicago”, "Denver"]

>>> for city in cities:
print(city)

Atlanta

Boston

Chicago

Denver

>>> st = "duty"
>>> for s in st:
print(s)

"country": "USA",
"state": "Alaska"
"city": "Anchorage"

>>> for a in di:
print(a + ": " + dl[a])@

country: USA
state: Alaska
city: Anchorage
>>> ‘

Is there a way to end a for loop early?

Yes — you can use a break statement to stop executing a loop when a particular condition is met. See the
sections “Understanding break Statements in Loops” and “Using a break Statement to Exit a Loop Early,”

both later in this chapter, for more information.
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Understanding How while Loops Work

In Python, a while loop enables you to perform indefinite iteration, repeating a block of code as long
as a condition remains True. Python evaluates the condition before performing the action or actions,
so if the condition initially evaluates to False, the loop never performs the actions, and execution
continues with the next statement after the loop. By contrast, if the condition evaluates to True, and
continues to do so, the while statement can create an infinite loop, a loop that never ends.

Understanding the Structure of a while whille condition:
LOOp statements

A while loop starts with the while keyword,
which is followed by the condition to be
evaluated. The while statement ends with a
colon, after which each of the loop’s statements

9.3 3 True

is indented by four spaces, as is standard for Evaluate the

Python’s control structures. When the indentation C‘(’)’:;izn
Il

ends, the loop ends. The following pseudocode
and nearby diagram illustrate a while loop:

while condition: Execute the statements
statements

When execution reaches the while statement,
Python evaluates the expression. If the result is \
True, Python executes the loop’s statements; it

then returns to the while statement and evaluates

it again. If the result is False, execution continues

with the first statement after the loop.

Code execution continues

An Example: A while Loop Using a Numeric Condition

The following statements show a while loop that uses a straightforward numeric condition. The first line
declares the variable a and assigns it the integer value 100. The second line starts the while loop, which
runs while a is greater than 50. The third line uses the print () function to display the value of a, after
which the fourth line decreases the value of a by 20.

a = 100

while a > 50:
print (a)
a =a - 20

When you run this code, Python evaluates the while condition four times. The first three times, a equals
100, 80, and 60, respectively, so the condition evaluates to True, and Python prints those values and
performs the subtraction. The fourth time, a equals 40, so the condition evaluates to False, and Python
does not execute the loop’s statements.
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Understanding and Avoiding Infinite Loops

If the condition for a while loop initially evaluates to False, the loop’s statements do not run, and
execution continues at the first statement after the loop’s end. But if the condition initially evaluates to
True, and continues to do so, the loop will iterate without ending, in what is called an infinite loop.

For example, the following while loop causes an infinite loop:

one = 1
while one ==
print ("one: 1")

If you run this code in a terminal window, Python displays one: 1 on each line until you stop it by

pressing (£ ) +(=). This key combination gives a
stop command, which Python registers as a
KeyboardInterrupt event, so you see something
like this:

one: 1

one: 1

Traceback (most recent call last):
File "<stdin>", line 2, in <module>

KeyboardInterrupt

>>>

To avoid creating infinite loops, you can use one or
more break statements in your while loops. See the
sections “Understanding break Statements in Loops”
and “Using a break Statement to Exit a Loop Early,”
both later in this chapter, for information on adding
break statements.

sam@vubuntu: ~

sam@vubuntu:~% python3
Python 3.8.10 (default, Mar 15 2022, 12:22:08)
[GCC 9.4.0]1 on linux

Type "help", "copyright", "credits" or "license" for more
information.

>>> one = 1

>>> while one == 1:

print("one: 1")
one:
one:
one:
one:
one:
one:
one: 1
~CTraceback (most recent call last):

File "<stdin>", line 2, in <module>
KeyboardInterrupt
one: 1
>>> ||

e e e
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Create while Loops

Awhile loop enables you to repeat actions as long as a condition evaluates to True. In your
scripts, while loops can be great for giving your code the flexibility to adapt to the conditions
under which it is running.

In this section, you create two straightforward while loops that complete without problems. You
also create an infinite while loop, which you then interrupt by using a key combination.

Create while Loops

Create a Straightforward while Loop — S 1 o
o Open Visual Studio Code and create a Python s> g _ur;;;cmm Code > Logps > @ whie_2
SCﬁpt. 2 whzle a > 50:
3 print(a) n
o Type the following statement, which creates the 41 a=a- 240

variable a and assigns to it the value 100. Press
(Enter |

a = 100

e Type the following three-line while loop, which

runs While a .iS greater than 50, With each PROBLEMS OUTPUT TERMINAL DEBUG CONSOLE +v ~ X
iteration using the print () function to display awyatac-pro-2 ~ % D
the value of a and then subtracting 20 from a. R

Press (1] at the end of each line.

while a > 50:

print (a) —
Ln4,Col16 Spaces:d4 UTF-8 LF (} Python & [
a=a - 20
eo0e while_2
O Click Run Python File in Terminal ([>) to run the sz x O -
Users > guy > Dropbox > TYV_Python > Code > Loops > & while_2
loop code. 1 s ’
2 while a > 50:
@ Python displays the following: ; :j”;‘f’zq 7
100
80
60
PROBLEMS OUTPUT TERMINAL DEBUG CONSOLE +v ~ X
guy@ac-Pro-2 ~ % fusr/local/bin/python3 /Users/quy/Dropbox/TYV_Python/Co zsh quy
de/Loops/uhile_2 zsh guy
A 100 [ 2sh guy

gzy@dac Pro-2 ~ % [] Python guy

Ln4,Col15 Spaces:4 UTF-8 LF (} Python & 0
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Create an Infinite while Loop and
Interrupt It

o In Visual Studio Code, create another Python
script.

For example, press (2o -+(1), click Select a
language, and then click Python in the pop-up
menu. Save the script under a name of your
choice.

e Type the following statement, which creates a
variable named myBoolean and assigns the
value True to it. Press (511

myBoolean = True

6 Type the following two-line while loop, which
runs while myBoolean evaluates to True
and uses the print () command to display
Continuing. ... Press (1] at the end
of each line.

while myBoolean == True:
print ("Continuing...")

O Click Run Python File in Terminal ([>) to
run the loop code.

(© The script gets stuck in an infinite loop,
outputting Continuing. .. once per iteration.

e Click in the Terminal pane.

Visual Studio Code moves the focus to the
Terminal pane.

G Press (g + 3.

@ Visual Studio Code registers a keyboard
interrupt, stops the code, and displays the
KeyboardInterrupt message.

CHAPTER
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eoce while_infinite
@ while_2 2 wh\\e_mfinileﬂ B [ oo
ers > guy > Dropbox > TYV_Python > Code > Loops > @ while_infinite > ...

2 myBoolean = True e

2 while myBoolean == True:@ -
3 ‘ print("Continuing...")

PROBLEMS ~ OUTPUT  TERMINAL  DEBUG CONSOLE +v oA x
>
quyaMac-Pro-2 ~ % | 3] zsh guy
() zsh guy
zsh guy

Python guy

® 040 Ln3,Col27 Spaces:d UTF-8 LF {} Python & 0

while_infinite
@ while_2 2 while_infinite X

Users > guy > Dropbox > TYV_Python > Code > Leops > # while_infinite
1 myBoolean = True
2  while myBoolean == True: —
3 print("Continuing...")

PROBLEMS ~ OUTPUT  TERMINAL  DEBUG CONSOLE +v oA x

i >

Continuing. .. &) zsh guy
Continuing. .. [5) 25h auy
B [3) zsh guy

B Python guy

Cantinuing...
Continuing...
Continuing. ..
Continuing...
Continuing. ..
Contin
~Cinuing...
Traceback (most recent call last):
File "/Users/guy/Dropbox/TYV_Python/Code/Loops/while_infinite", line 3,
in <module>
print(“Continuing...")
KeyboardInterrupt

gquy@ac-Pro-2 ~ % ||

Ln3,Col27 Spaces:4 UTF-8 LF

{} Python & 0

Can I use the (E)+(3) keypress in a terminal window?
Yes, you can press (G:.:)+(3) to interrupt code in a terminal window, such as a Command Prompt window
on Windows or a Terminal window on mac0S or Linux.
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Understanding break Statements in Loops

n either a for loop or a while loop, Python enables you to include a break statement to exit
the loop before it would otherwise end. You usually use a break statement with an if condition
so as to exit the loop only if the condition is met. In while loops, break statements can be

especially useful for avoiding infinite loops.

To use a break statement, you construct your for loop or while loop as usual but include a break
statement at the appropriate place, usually with a condition.

The following pseudocode and nearby drawing illustrate the use of a break statement in a for loop:

for item in collection:
if expression:
break
statements

The following example creates a variable named s,
prompts the user to enter some text including a
z, and assigns that text to s. It creates a variable
named i to use as a counter. The loop uses the
variable a to iterate through the user’s string input
one character at a time. If the character is not z,
the print () function displays the character, and
the code increments the counter variable. If the
character is z, the code displays a message giving
the character position at which z was found, and
the break statement ends the loop.
s = input ("Enter some text including a z: ")
i=0
for a in s:

if a == "z":

print ("z found at character " +
str(i))
break
print (a)
i=1i+1
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Using a break Statement to cHA7mR

Exit a Loop Early

Abreak statement enables your code to exit either a for loop or a while loop before the loop’s
collection or condition causes it to terminate.

In this section, you create a while loop that prompts the user to guess a number between 0 and 10.
The while loop simply specifies True as its condition; True cannot become False, so the loop is
infinite and keeps running until the break statement is triggered.

Using a break Statement to Exit a Loop Early

0 Open Visual Studio Code and create a Python eoe guess-me-wmber-w{
Script @ guess_the_number.py X >~ -
: ers > guy » Dropbox > TYV_Python > Examples > @ guess_the_number.py > ...
. . =7 Mo
Q Type the following statement, which creates the @;:j:ﬁ{  ovese between 6 and 10: 0
variable answer and assigns to it the value 7. 3 while True:
4 guess = int(input(prompt)) |
Press m. 5 if guess == answer: 4
6 print("Correct!")
answer = 7 7 break
e Type the following statement, which creates the
variable prompt and assigns text to it, and then
press m. PROBLEMS ~ OUTPUT  TERMINAL  DEBUG CONSOLE +v oA x
guy@Mac-Pro-3 ~ % [] zsh guy
prompt = "Guess between 0 and 10: " B e

0 Type the following while loop, which creates
the variable guess, assigns to it an integer
derived from the user’s input, and compares
guess to answer. If the two match, the loop e R e T A e E
displays Correct! and then ends. i !

[ NoN guess_the_number.py

@ guess_the_numberpy X >~ M -

while True:
Users > guy > Dropbox » TYV_Python > Examples > % guess_the_number.py > ...

guess = int (input (prompt)) 1 answer = 7 LS
if guess == answer: 2 prompt = "Guess between @ and 108: "
. " ' 3  while True:
prlnt ( Correct! ) 4 guess = int(input(prompt)) |
break 5 if guess == answer:
6 print("Correct!")
© click Run Python File in Terminal ([>) to run the 7 break
script.
The prompt appears.
PROBLEMS QUTPUT TERMINAL DEBUG CONSOLE +" ~ X
@ Type a number Other than 7' guyaMac-Pro-3 ~ % /usr/local/bin/python3 /Users/guy/Dropbox/TYV_Pyth Bl zsh guy
un/ExampLEs/guEss,tthum% Python guy
Guess between @ and 10: 8
The prompt reappears. A Buecs betueen 0 and 10: 7
E‘J;éiiima ~ 5l v
@ Tvpe 7.

() The Correct! message appears.

Ln7 Col14 Spaces:4 UTF-8 LF {} Python &' [

The break statement stops the loop.
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Understanding continue Statements in Loops

As well as providing the break statement that enables your code to exit a loop early, Python
provides the continue statement, which lets your code skip the remainder of the statements

in the current iteration of the loop and proceed to the next iteration. Using a continue statement
allows you to skip taking actions with particular items in a for loop’s collection or specific values in

a while loop without terminating the loop early.

To use a continue statement, you construct your
for loop or while loop in the normal way but
include a condition followed by the continue
keyword at the appropriate point in the code.

The following pseudocode and nearby drawing
illustrate a while loop that includes a continue
statement. After Python evaluates the while
condition to True, it evaluates the second
condition, which precedes the continue
statement. If this second condition evaluates to
True, Python skips the rest of the loop, returning
to the while condition and evaluating it for the
next iteration. If the second condition evaluates
to False, Python executes the loop’s statements
before returning to the while condition.
while condition:

if condition2:

continue
statements

A for loop that includes a continue statement
works in a similar way, except that the loop’s
iteration is controlled by its collection rather than
by a while condition.
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Using a continue Statement in a Loop 7

continue statement enables you to create a loop that skips a particular value without exiting
the loop. You can add multiple cont inue statements to a loop if necessary.

In this section, you create a for loop that iterates through a list of names, using a continue
statement to skip those that consist entirely of uppercase letters, and displaying the remaining
names.

Using a continue Statement in a Loop

0 Open a terminal window and launch Python.

sam@vubuntu:~$ python3
() The Python prompt appears. Python 3.8.18 (default, Nov 26 2021, 20:14:08)
[GCC 9.3.0] on linux

. . T "help", " ight", " dits" "1 B i
e Type the following statement, which creates Information. 00 s CTeCLST OF TLACENSE” Tor Rore
the variable names and assigns to it a list oy remes = [PAIT, TBot, HCCT, TCIT, DAY, TR, LT U » 2
of first names. Press (Z130. @ rorn o e
oo continue
names = [IIAJ“’ "Bo", "CC", "CJ", print(n)

||Dil|, llEdll, ||Ell|, llFill]

e Type the following four-line for loop, which
uses the variable n to iterate through the
names list. The second line uses the
isupper () method to check whether the
current contents of n are all uppercase; if so,
the continue statement in the third line runs.
If not, the print () function in the fourth line
displays the name. Press (=] at the end Enevbantur-s pythons

Of each ljne Python 3.8.10 (default, Nov 26 2021, 20:14:08)

[GCC 9.3.0] on linux

[Type "help", "copyright", "credits" or "license" for more
for n in names: information.
) i >>> names = ["AJ", "Bo", "CC", "CJ", "Di", "Ed", "El", "F
if n.isupper(): i1
. >>> for n in names:
continue . if n.isupper():
print (n) N pring?:'):lnue
Note: Indent the second line by four spaces, the third B
line by eight spaces, and the fourth line by four spaces. Eg@
Fi
O Press (=] to end the loop. oo 1l

The loop runs.

(© Python displays the names that are not all uppercase:

Bo
Di
Ed
El
Fi
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Understanding else Statements in Loops

Python enables you to add an else statement to either a for loop or a while loop. Much like
the else statement in an if structure, the else statement in a loop runs when the main part
of the loop does not. In a for loop, the else statement runs when there are no more items in the
collection through which the loop iterates. In a while loop, the else statement runs when the
while condition evaluates to False rather than True.

To use an else statement, you
construct your for loop or while
loop in the normal way. Where the
loop would normally end, you add the
else keyword followed by a colon.
After that, indented by four spaces,
you add the statements you want

to run when the else condition is
triggered.

The following pseudocode and nearby

drawing illustrate the use of an else

statement in a for loop:

for item in collection:
statements

else:
statements2

A while loop that includes a

continue statement works in a

similar way:

while condition:
statements

else:
statements2
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An else statement enables you to add functionality to a loop by running code when the loop has
ceased iterating. You can add an else statement to either a for loop or a while loop. This
capability is somewhat unusual for programming language, but you may sometimes find it useful.

If the main part of the loop includes a break statement and execution hits that break statement,

the loop’s else statements do not run.

Using an else Statement in a Loop

0 Open Visual Studio Code and create a new script.

Q Type the following statement, which creates the
variable names and assigns to it a list of first

names. Press (Zi00.
names = [IIAJII , IICCII , IICJII , IITJII]

Type the following statement, which creates
the variable i and assigns to it the value o.

Press (200
i =0

0 Type the following for loop, which uses the
variable n to iterate through the names list.
If the value of n is all uppercase, the continue
statement skips the rest of the loop; if not, the
print () function displays the name, and the
value of i is increased by 1.

for n in names:
if n.isupper() :
continue
print (n)
i +=1

e Type the else statement, followed by an if
statement that compares i to 0 and displays a
message if it matches.

else:
if i == 0:
print ("No mixed-case names")

@ click Run Python File in Terminal ([>).

() The No mixed-case names message appears,
because each name was all uppercase.

[ JON fnr_else{

@ for_continue @ for_else  x v M -

i=0
for n in names:
if n.isupper():@
continue
print(n)
i4=1

Users > guy > Dropbox > TYV_Python > Examples > & for_else >
g 1 names = ["AJ", "CC", "CJ", "TJ"]Q
3
4
5
6
7
8

Ln8 Col1 Spaces:4 UTF-8 LF {} Python & 0O |

[ EoN ) for_else

@ for_continue @ for_else x

(-
Users » guy > Dropbox » TYV_Python > Examples > & for_else > ..
1 names = ["AJ", "CC", "CI", "TI"] ¥
i=0
for n in names:

if n.isupper():

continue

print(n) L

i4=1
else:

S W~ W AR WN

=

PROBLEMS OUTPUT TERMINAL DEBUG CONSOLE 4+ v ~ x

zsh guy
Python guy

guy@ac-Pro-3 ~ % fusr/Llocal/bin/python3 /Users/guy/Dropbox/TYV_Pyth
on/Examples/for_else
No mixed-case names.
guy@ac-Pro-3 ~ % []

Ln10, Col 37 Spaces:4 UTF-8 LF {} Python & 0
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Understanding Loop Nesting

hen you need to perform more complex repetition than either of Python’s types of loops allows,

you can nest loops within loops. Nesting works with both types of loops: You can nest one for
loop inside another for loop or nest one while loop inside another while loop. You can nest a
for loop inside a while loop, or vice versa.

Python enables you to nest loops and other blocks, such as with blocks and try blocks, up to a
maximum of 20 layers deep. Usually, it is most practical to nest only a few levels deep.

To nest loops, you construct the for f in firsts:
outer look in the usual way, but o e
then you place another loop inside T

d

A
J

it. The following code snippet
and nearby drawing illustrate one
for loop nested inside another

for loop, which assumes that the S there Assign to £ the next
. , a_mOtl?er item itemin firsts
variables firsts and lasts have in firsts?
already been created: A
Is there
for f in firsts: a?no'[lher:e;“
asts’
for 1 in lasts:
print(f + v+ 1) print (£ + " »
Python begins by executing the Assign to 1 the next
outer loop. If that loop is a for em in tasts
loop, as in this example, Python
P pie, Ty End the > "

End the nested loop

Code execution continues

determines whether an item in
the collection is available. If so,
Python assigns the next available
item to the loop’s variable and
moves on to the nested loop;

if not, Python ends the outer
loop, leaving the nested loop
untouched.

outer loop
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Nest Loops to Create Complex Repetition

CHAPTER

7

esting loops enables you to create complex repetition in your scripts. You can nest either for
loops or while loops, as needed — or nest both if your code so demands. You can also include
break statements, continue statements, and else statements in your nested loops.

In this section, you use two straightforward for loops, one nested inside the other. The code is
straightforward, but it enables you to see clearly how the nesting works.

Nest Loops to Create Complex Repetition

o Open a terminal window and launch Python.
() The Python prompt appears.

e Type the following statement, which creates
the variable firsts and assigns to it a list of
three first names. Press (51 00.

firsts = ["Ali", "Bee", "Cat"]

e Type the following statement, which creates
the variable 1asts and assigns to it a list of
three last names. Press (Z12].

lasts = ["Clark", "Hill", "Perez"]

O Type the following three-line for structure,
which implements both for loops. The outer
loop uses the variable £ to iterate through
firsts; the inner loop uses the variable 1
to iterate through 1asts. The third line uses the
print () function to display the name produced by
the current combination of £ and 1. Press (5]
at the end of each line.

for £ in firsts:
for 1 in lasts:
print (£ + " "

e Press (5. to run the loop.
Python displays the output, abbreviated here:

+ 1)

Ali
Ali
Ali
Bee

Clark
Hill

Perez
Clark

Cat Perez

A g

e0e guy — Python —emza%

|guy@Mac-Pro-3 ~ % python3

Python 3.10.0 (v3.10.0:b494f5935¢c, Oct 4 2021, 14:59:20) [C
lang 12.0.5 (clang-1205.0.22.11)] on darwin

Type "help", "copyright", "credits" or "license" for more -in
formation.

>>> firsts = ["Ali", "Bee", "Cat"]

(>>> lasts = ["Clark", "Hill", "Perez“]@

>5>

4

1
|

e0e
|guy@Mac-Pro-3 ~ % python3

Python 3.10.0 (v3.10.0:b494f5935¢c, Oct 4 2021, 14:59:20) [C
lang 12.0.5 (clang-1205.0.22.11)] on darwin

Type "help", "copyright", "credits" or "license" for more 1in
formation.

(>>> firsts = ["Ali", "Bee", "Cat"]

(>>> lasts = ["Clark", "Hill", "Perez"]

(>>> for f in firsts:

... for 1 in lasts:
(... print(f + " " + 1)0
(

Ali Clark
Ali Hill
Ali Perez
Bee Clark
Bee Hill
Bee Perez
Cat Clark
Cat Hill
Cat Perez
>>> i

guy — Python — 60x28

i
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CHAPTER 8

Working with
Functions

As in other programming languages, a function in Python is a stand-alone
section of code that performs a particular task. In this chapter, you learn
how functions work, put Python’s built-in functions to use, and create
custom functions of your own.

name_generator
@ name_generator X
Users » guy » Dropbox > TYV_Python » Code > # name_generator > ...
1 def generate_name():
2 # This function returns a character name
3 # by taking a first name from one list,
4 # a middle initial from ancther list,
5 # and a last name from a third list.
6 first = ["Al", "Dot", "Ed'
7 middle = ["A.", , D", MEW
8 last = ["Adams", "Bain", "Col", "Dunn", "Ely"]
9 from random import choice
cname = choice(first)
cname = cname + " " + choice(middle)
cname = cname + " " + choice(last)
return cname

for i in range(®,9):
print(generate_name()ﬂ

PROBLEMS  OUTPUT  TERMINAL  DEBUG CONSOLE Flpython-guy +~ [ @ ~ X

guy@ac-Pro-3 ~ % /usr/local/bin/python3 /Users/guy/Dropbox/TYV_Python/Code/name_generator
Cy E. Ely

Bo A. Dunn

Cy A. Dunn

Dot C. Col

Ed F. Ely

Adams

Ely

Bain

Col
yaac-Pro-3 ~ % []

A
E
D.
E

Em
Em
s

qu

Ln16, Col 27 Spaces:4 UTF-8 LF {} Python &' [}
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Understanding Functions and Their Syntax

Afunction is a stand-alone section of code that performs a particular task. For example, as you
have seen earlier in this book, the input () function prompts the user to input text, while the
print () function displays information on-screen. Python includes around 70 built-in functions that
you can use immediately, and you can access other prebuilt functions by importing the modules that
contain them. You can also create your own custom functions to perform operations that Python's
existing functions do not cover.

Understanding the Syntax of a def Keyword Function name ~ Parameters Colon Function description
Function | | | |
., . def function name (parameters) :
In Python, a function’s syntax looks like 5 qwwn function description™
the following pseudocode and the O000statements —
nearby drawing: O000return [expression]
def function name (parameters) :
wnn function description""" return Statement Return expression Function statements
statements Four spaces of indentation

return [expression]
The following list explains the components of a function’s syntax:

e def. This keyword, short for definition, begins the function header.

® function name. Each function must have a name that is unique in its context so that your code can
refer to the function unambiguously.

® parameters. Parameters are named items used to pass values to a function. The values passed are
called arguments. Parameters are optional: Some functions have parameters, whereas other functions
have none.

® . (colon). The colon denotes the end of the function header. After the colon, the function’s contents are
indented, usually by four spaces, to indicate that they are subordinate to the function header.

® function description. This description is a comment describing what the function does. The de-
scription is optional but is usually helpful. It is sometimes called the documentation string or docstring.

® statements. The statements specify the actions that the function performs.

® return [expression]. The return statement ends the function and returns the function’s result to
the code that called the function. If the return statement specifies an expression, Python returns that
expression. If the return specifies no expression, Python returns None, a special value. The return
statement is optional, so some functions do not have it. Python returns None if there is no return
statement.
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Looking at an Example of a Function’s Syntax
The following code shows a custom function. The nearby drawing breaks down the function’s components.
def odd_even(n) :

""rFunction to return 'Odd' or 'Even' for a
specified 'n' input."""

if int(n)%2 == 0:
odd or even = "Even"
else:
odd _or even = "Odd"

return odd or even

Function name Colon

def Keyword Parameter Function description

def odd even(n):

O000"""Function to return 'Odd' or 'Even'
O00O0for a specified 'n' input."""

OO000if int (n) %2 ==

0o0oo0000odd_or _even = "Even"

Ub00else:

00000d00odd _or even = "Odd"

U00O0return odd or even

Indentation in fourspace Return statement Function statements
increments

The function begins with the def keyword, after which comes the function’s name, odd_even; its
parameter, n, in parentheses; and the colon that ends the function header.

The second and third lines contain the function’s description in a comment delimited by three double
quotes. After those linesis an if... else statement that creates the function’s output, either Even or
0dd, which is stored in the variable odd_or even. In the final line, the return statement returns the
value in odd_or even.

Once your code has defined this function, you can call the function by entering its name and the argument
for the required parameter, n. For example, the following statement creates the variable x1 and assigns to it
the function’s output for the number the user types when prompted:

x1 = odd even (input ("Enter a number: "))

The function returns Even for an even number and odd for an odd number.
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Understanding Function Parameters and Returns

M ost functions use one or more parameters, named items that receive arguments containing the
values the user wants the function to manipulate. Parameters can be either required or optional,
and a function may use both required parameters and optional parameters. However, some functions
use no parameters at all.

Similarly, most functions return one or more values to the code that called them. However, some
functions return no values.

Understanding the Four Types of Functions ( N ( )
Th bination of ‘ " d val Parameters v/ Parameters v/

e combination of parameters-or-no-parameters and values- Return values v Return values x
or-no-values gives four types of functions in Python: L ) L )
e Functions with both parameters and return values ( o . N ( boramotors x )
¢ Functions with parameters but no return values arameters - x

. . . Return values v/ Return values x
® Function with no parameters but with return values L JAR )
[ ]

Functions with no parameters and no return values

The following subsections explore these different types,
giving brief examples.

Functions with Both Parameters and Return Values

Many functions both use parameters to accept input and return one or
more values after running. >>> abs (-99*%2/50+5)
1.04

Function name Argument

For example, the built-in abs () function returns the absolute value of a
number, the non-negative value of a number even if it has a minus sign.
The abs () function has one parameter, to which you provide an
argument containing the number for which to return the absolute value.
For example, abs (-2) returns 2, and abs (-99*2/50+5) returns 1.04.

Return value

Functions with Parameters But No Return Values

Some functions use one or more parameters to accept input but return no values. Instead, such functions
typically perform an action.
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For example, Python's built-in print () function displays text on-screen rather than returning a value. This
function uses one parameter, the string or other item you want to display. For example, print ("The
quick brown fox, etc.") displays the text The quick brown fox, etc. provided as the argument
for its parameter.

Functions with No Parameters But with Return Values

Some functions use no parameters but do return one or more values. For example, the built-in globals ()
function returns the dictionary for the current module namespace, the virtual area in which the module is
operating. Here is an example of running the globals () function:

>>> globals ()

{* name ': ' main ', ' doc_': None, ' package ': None, ' loader ':
<class ' frozen importlib.BuiltinImporter's, ' spec_ ': None, ' annotations_':
{}, ' builtins ': <module 'builtins' (built-in)>}

>>>

Functions with No Parameters and No Return Values

Some functions — relatively few — use no parameters and return no values. Such a function may either
generate or gather its own data automatically or prompt the user to enter data. Rather than returning one
or more values to the calling code, the function may display output — for example, by using the print ()
function.

None of Python's built-in functions falls into this category. Here is an example of a custom function that
uses no parameters and returns no values:

def day of week():
from datetime import datetime
thisday = datetime.today () .strftime ("%A")
print (thisday)

This day of week () function imports the datetime object from the datetime module. The second line
creates a variable called thisday and assigns to it a formatted string returned using the today () method
of the datetime object. The third line uses the print () function to display the day, such as Wwednesday.
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Using Python’s Built-In Functions

ython includes around 70 built-in functions that you can use immediately without needing to

load extra modules. These functions perform a variety of widely useful tasks. Some functions help
you create and debug your code. For example, the compile () function compiles a source file into a
code object, the exec () function executes a code object, and the breakpoint () function switches
to the Python debugger at the specified point in a script. Other functions, such as setattr () and
delattr (), enable you to manipulate the attributes of objects.

Table 8-1 explains Python's built-in functions.

Table 8-1: Python’s Built-In Functions

Function Name What It Returns or Does

abs () Returns the absolute value of the specified number.

aiter () Returns an asynchronous iterator for an asynchronous iterable.

all() Returns True if all elements of the specified iterable are True.

anext () Returns the next item from the specified asynchronous iterator.

any () Returns True if any element of the specified iterable is True.

ascii () Returns a string containing a printable reproduction of the object with non-ASCII
characters escaped using \x, \u, and \U escape codes.

bin () Returns a binary string for the value the specified integer, prefixed with ob.

bool () Returns the Boolean value — True or False — of the specified item.

breakpoint ()  Switches to the Python debugger.

bytearray () Returns a bytearray object containing a new array of bytes.

bytes () Returns a new bytes object.

callable() Returns True if the object appears callable.

chr () Returns the string for the character representing the specified Unicode code point.

classmethod () Returns a class method from the specified method.

compile () Returns a code object compiled from the specified source file.

complex () Returns a complex number from the specified real value and imaginary value.

delattr() Returns the specified object with the specified attribute deleted.

dict () Returns a new dictionary.

dir () Returns the list of names in the current local scope or in the specified scope.

divmod () Returns the quotient and remainder of the two specified numbers divided using integer division.

enumerate () Returns an enumerate object from the specified iterable.

eval () Returns the evaluated expression from the specified expression and arguments.

exec () Executes the specified Python code object.

filter () Returns an iterator constructed from the specified function and iterable.

float () Returns a floating-point number from the specified number or string.

format () Returns a formatted representation of the specified value.
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Function Name
frozenset ()
getattr ()
globals ()
hasattr ()
hash ()
help()

hex ()

id()

input ()
int ()
isinstance()
issubclass()
iter()

len()

list ()
locals ()

map ()

max ()
memoryview ()
min ()

next ()
object ()

oct ()

open ()

Table 8-1: Python’s Built-In Functions (continued)
What It Returns or Does
Returns a new frozenset object.

Returns the value of the specified attribute of the given object.

Returns the dictionary for the current module namespace.

Returns True if the specified object includes the specified attribute.
Returns the integer hash value of the object, if the object has one.

Calls Python’s built-in help system.

Returns the hexadecimal string, prefixed with 0x, for the specified integer.
Returns the specified object’s identity, a unique integer.

Prompts the user for input.

Returns an integer from the specified number or string.

Returns True if the specified object is an instance of the specified class.
Returns True if the specified object is a subclass of the specified class.
Returns an iterator object for the specified object.

Returns the length of the specified object. The length is the number of items the object
contains — for example, the number of characters in a string.

Returns a list, tuple, or range.
Returns the updated dictionary for the current local symbol table.

Returns an iterator showing the specified function applied to every item in the specified
iterable.

Returns the largest item in the specified iterable or group.

Returns a memory view object for the specified object.

Returns the smallest item in the specified iterable or group.

Returns the next item from the specified iterator.

Returns a new object of the object class, the base for all other classes.
Returns an octal string, prefixed with oo, for the specified integer.

Opens the specified file and returns a file object representing it.
continued P>
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Using Python’s Built-In Functions (continued)

Python’s built-in functions include functions for converting values to particular data types. For example,
the int () function returns an integer, the str () function returns a string, the 1ist () function
returns a list, and the tuple () function returns a tuple. Similarly, the bin (), oct (), and hex ()
functions return strings containing binary, octal, and hexadecimal representations of the value supplied.

Other functions that are widely useful include three you have used already in this book. The
input () function prompts the user for input, the open () function opens a file and returns a file
object representing it, and the print () function displays output.

Function Name
ord ()

pow ()

print ()
property ()
range ()

repr ()
reversed ()
round ()

set ()
setattr ()
slice()
sorted ()
staticmethod ()
str()

sum ()

super ()
tuple ()

type ()

vars ()

zip ()

Table 8-1:

What It Returns or Does

Returns an integer representing the Unicode code point for the specified string.
Returns the specified base number raised to the specified power, optionally using a modulo.
Prints the specified objects to the text stream file.

Returns the specified property.

Returns a range object.

Returns a string containing a printable representation of the specified object.
Returns a reverse iterator for the specified object.

Returns the specified number rounded to the specified precision.

Returns a new set object.

Returns the specified object with the specified attribute set.

Returns a s1ice object for the given set of indices.

Returns a sorted list from the specified iterable.

Returns a static method from the specified method.

Returns a string from the specified object.

Returns the total of items in the specified iterable.

Returns a proxy object for delegating method calls to a parent or sibling class.
Returns a tuple from the specified iterable.

Returns either the type of the specified object or a new type object.

Returns the  dict__ attribute for the specified object.

Python’s Built-In Functions (continued)

Returns tuples from the specified iterables.

The following sections provide brief examples of putting some of the most widely used of Python’s
built-in functions to use.

Using the input () Function

The input () function enables you to prompt the
user for input. Python receives the input as a string,
but you can cast it to a different data type if needed,
as in the following example:

>>> nl = input ("Type a number
between 1 and 20: ")

Type a number between 1 and 20: 17
>>> nl

|17|

>>> nl = int(nl)

>>> nl

17
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Using the sorted() Function

The sorted () function lets you sort an iterable into either ascending order or descending order. The
following example creates a variable named locs, assigns five place names to it, and then sorts them
alphabetically.

>>> locs = ["Cobb", "Berg", "Eden", "Alba", "Dyer"]
>>> sorted(locs)
['Alba', 'Berg', 'Cobb', 'Dyer', 'Eden']

To sort backward, use sorted () with reverse=True:

>>> sorted(locs, reverse=True)
['Eden', 'Dyer', 'Cobb', 'Berg', 'Alba']

Returning Binary, Octal, or Hexadecimal Strings

The bin () function returns a string consisting of the prefix ob and the binary value of the specified
integer. Similarly, the oct () function returns a string consisting of the prefix 0o and the octal value, and
the hex () function returns a string consisting of the prefix 0x and the hexadecimal value.

For example, bin (100) returns the string 0b1100100, oct (100) returns the string 00144, and
hex (100) returns the string 0x64.

Converting Binary, Octal, or Hexadecimal Strings to Decimal Values

The int () function enables you to convert a binary, octal, or hexadecimal string to a decimal value. For
example, int (0b1100100) returns 100.

To convert a binary, octal, or hexadecimal number that is not in string format to a decimal value, use the
int () function, specifying the value as a string and providing the second argument 2 for binary, 8 for
octal, or 16 for hexadecimal. For example, int ("1100100", 2) returns 100 from the binary number
1100100.

Using the print () Function to Display Information

The print () function enables you to print objects to the text stream file, giving you an easy way to
display information to the user. For example, print ("New file created") displays the text New file
created.
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Create a Function with Parameters and a Return

I

n this section, you create a function that uses parameters and returns a value. The function,
calculate tip, calculates the amount of a service gratuity. The function uses two required

parameters: The bill parameter accepts the amount of the bill, and the percent parameter accepts
the tip percentage. The function divides percent by 100 so that the user can enter the percentage
as a round number, such as 15, rather than as the number that actually produces that percentage,
such as 0.15. The function returns a single value, tip, which contains the amount of the tip.

Create a Function with Parameters and a Return

o Open a terminal window and launch Python.
@ The Python prompt appears.

Q Type the following function header, and then
press (210

def calculate tip(bill, percent):

Note: After the function header, indent each line of
the function by four spaces to indicate that the line is
part of the function.

e Type the following statement, which divides the
percent value by 100, assigning it back to

percent. Press (5.
percent / 100

percent

O Type the following statement, which declares the
variable tip and assigns to it the product of bill
and percent. Press (Z10.

bill * percent

tip
Type the following statement, which returns tip to

the calling code. Press (5] once, and then press
(5.0 again to end the function.

return tip

Q Type the following statement, which uses the
print () function to display the result of
calculating a 15% tip on a $50 bill. Press (Z120.

print (calculate tip(50,15))

Python returns 7.5, indicating a $7.50 tip.
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'X K ) guyaﬂmhonuannzsa

guy@Mac-Pro-3 ~ % python3

Python 3.10.0 (v3.10.0:b494f5935¢, Oct 4 2021, 14:59:20) [C
lang 12.0.5 (clang-1205.0.22.11)] on darwin

Type "help", "copyright", "credits" or "license" for more in
formation.

=

r>>> def calculate_tip(bill, percent): |

percent = percent / 19@‘ ]

eoce guy — Python — 60x28
guy@Mac-Pro-3 ~ % python3
Python 3.10.0 (v3.10.0:b494f5935¢c, Oct 4 2021, 14:59:20) [C
lang 12.0.5 (clang-1205.0.22.11)] on darwin
Type "help", "copyright", "credits" or "license" for more in
formation.
>>> def calculate_tip(bill, percent):

percent = percent /

]
aen lee ]
g tip = bill * percent@ ]
&return tip ]
oBo ]
i q - ]




Create a Function with a Parameter S

But No Return

In this section, you create a function that uses a parameter but that returns no values to the code that
calls it. Instead of returning values, the function uses the print () function to display information to
the user. The function is called convert liters to pints() and converts liters to U.S. pints.

To create a function that returns no value explicitly, you can include the return statement but not
specify a return value. Alternatively, you can omit the return statement. Both approaches have the
same effect: The function returns no value explicitly, but implicitly it returns the value None.

Create a Function with a Parameter But No Return

o Open a terminal window and launch Python.

sam@vubuntu:-$ python3

© The Python prompt appears. G
Q Type the following function header, which declares the &J?'ZZ?’E;E;,}E;:;;Eu: {:gzsnmm;ﬂ
function name and a parameter called 1iters, and then pints - round pints. flrw
press (Z100.

def convert liters_to pints(liters):

e Type the following statement, which creates the variable
pints and assigns to it the result of multiplying the liters
argument by 2.11338, the appropriate factor. Press (51J.

pints = 2.11338 * liters

0 Type the following statement, which uses the round ()

function to round pints down to one decimal place, and e e o 26 2621, 20:14:60)
then press m: 'I'?%:Eigi:?r_\:;:g:onl', “credits® or “license” for more
pints = round(pints, 1) (77 % pints = 201338 = vaters
pints = round(pint:..ll
© Type the following statement, which creates a variable o :E?{HE;EE‘;:P;:::‘;“'lit:t:i::""ﬁ
named msg and assigns to it a string derived from liters e m:rt_m;s_(u_mg[m] 0
plus literal text. Press (F1C0. o logriters 1o 70 pintss

msg = str(liters) + " liters is "

G Type the following statement, which completes the msg
string by adding a string derived from pints plus literal

text. Press (5100.

msg = msg + str(pints) + " pints." Q Type the following statement, which
calls the function and supplies the

0 Type the following statement, which uses the print () ,
liters value:

function to display msg. Press (Z15 twice.

print (msg) convert liters to pints(3.75)

© Python displays the result:

3.75 liters is 7.9 pints.
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Create a Function with No Parameters But a Return

n this section, you create a function that uses no parameters but that does return a value to
the code that calls it. The function is called generate name () and returns a name created by
combining a random first name, a random middle initial, and a random last name.

For space reasons, the lists of names and the list of initials shown here are unrealistically short. Feel
free to extend them with as many names as you wish.

Create a Function with Parameters But No Return

0 Open Visual Studio Code and create a new Python " JQ
script.

e > % name_generator

# This function returns a character name

2

3 # by taking a first name from one list,

a4 # a middle initial from another hst,o J
5

6

Q Type the following function header, and then
press (Z100.

def generate_name () :

# and a last name from a third list.

e Type the following four lines of function
description:

# This function returns a character
name

# by taking a first name from one
list,

# a middle initial from another 1list,
# and a last name from a third list.

D3A0 Ln6,Col1 Spaces:4 UTF-8 LF [} Python & ()

0 Type the following statement, which creates a $o¢ P _generato
@ name_generator X Do @ -

variable named first and assigns to it a list of Ve s Dropton T Python > o
first names. Press (Z107.

first = ["Al", "Bo", "Cy", "Dot", # and 2 last name from a third List.
"Ed", "Em"] a H:J:tp:[?-\:.I-'-,”BONI oy, "Dot:": " 4 |

© Type the following statement, which creates a o e o S
variable named middle and assigns to it a list of

initials. Press (154,
middle = ["A.", "B-", "C.", "D-",
"E.", "F.Il]

1 def generate_name():
2 # This function returns a character name
3 # by taking a first name from one list,

4 # a middle initial from another list,

5

G Type the following statement, which creates a
variable named 1last and assigns to it a list of
last names. Press (Zi5).

last = ["Adams", "Bain", "Col",
"Dunn" , n Ely" ]
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0 Type the following statement, which imports the
choice item from the random module, and then

press (1.0,

from random import choice

e Type the following statement, which creates the
variable cname and assigns to it a random item
chosen from the first list. Press (512].

cname = choice(first)

Q Type the following statement, which adds to cname
a space and a random item chosen from the middle

list. Press (Z050.

cname = cname + " " + choice(middle)

@ Type the following statement, which adds to cname
another space and a random item chosen from the
last list. Press (Z1C1.

cname = cname + " " + choice(last)

@ Type the following statement to return cname, and
then press (312 twice to end the function.

return cname

@ Press to remove the indentation, and then
type the following for loop, which uses range (0, 9)
with the print () function to output ten names.

for 1 in range(0,9):
print (generate_ name ())

@ Click Run Python File in Terminal ([>).
Visual Studio Code displays the Terminal pane.

@ The sample names appear.
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name_generator
% name_generator X b~ O -
Users > guy > Dropbox > TYV_Pythan > Code > @ name_generator
def generate_name():
# This function returns a character name
# by taking a first name from one list,
# a middle initial from another list,
# and a last name from a third list.
first = ["Al", "Bo", "Cy", "Dot", “Ed", "Em"]
middle = ["A.
last = ["Adams", “Bain",

from random import choice.
cname = choice(first)
cname = cname + " " + choice(middle)

BN s W e

Ln12,Col1 Spaces:;4 UTF-8 LF {} Python & 0

name_generator
% name_generator X

Users 5 guy > Dropbox > TYW_Python > Code > & name_generato:

1 def generate_name():

2 # This function returns a character name
3 # by taking a first name from one list,
4 # a middle initial from another list,

5 # and a last name from a third list.

6 first = ["Al", “Bo", "Cy", "Dot", “Ed", “Em"]
7 middle = ["A.", “B.", " '
8 last = ["Adams", "Bain",

9 from random import choice

10 cname = choice(first)

11 cname = cname + "

" + choice(middle)
cname = cname + " " + choice(last)
return cname
15 for i in range(@,9):
16 print(generate_name())|
PACBLEMS  QUTPUT  TERMINAL  DEBUG CONSOLE

Glpphon-guy +~ M @ ~ x

GuyEac-Pro-3 ~ % /ust/localsbin/pythan3 fUsers/quy/Dropbox/TYV_Python/Code/nane_generator

Cy E. Ely
B A. Dunn

oy E. Col
alyeac-pro-3 ~ % ]

Ln16,Col27 Spacesi4 UTF-8 LF {} Python & 0O

What other way can I get a random letter?

return a random letter of one case or the other.

You can import the string module and then use one of its tools for returning letters. As in the main text,
type from random import choice and press (. ] to import the choice item from the random
module. Next, type import string and press (=1 to import the string module. You can then use
choice (string.ascii lowercase) to return a random lowercase letter, use choice (string.
ascii uppercase) to return a random uppercase letter, or use choice (string.ascii letters) to
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Create a Function with No Parameters

and No Return

function with no parameters and no return is relatively unusual because it lacks flexibility in

both input and output. Without parameters to receive values from arguments passed by the
calling code, the function either must contain any values it needs or must derive them from other
sources. Without a return value, the function needs to rely on other means of communication, such

as using the print () function to display text.

In this section, you create a parameter-free and return-free function named show username () that
uses the print () function to display the username under which the user is currently logged in.

Create a Function with No Parameters and No Return

0 Open a terminal window and launch Python.
@ The Python prompt appears.

e Type the following function header, which specifies no
parameter, and then press (5.

def show username () :

e Type the following two-Lline function definition, pressing
(Z17] at the end of each line:

"m"nThis sample function uses no parameter

and returns no value."""

0 Type the following statement, which imports the
getuser () method from the getpass module, and then

press (C0:
from getpass import getuser

Type the following statement, which creates
the variable you and assigns a string of text to

it. Press (100,

you = "You are logged in as "

G Type the following statement, which completes
the you string by adding the username,
returned by the getuser () method, and a period.

Press (512].

you = you + getuser() + "."

0 Type the following statement, which uses the print ()
function to display the you string. Press (Z10]) twice.

print (you)
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eoe guy—ny\hun—sn-znﬂ
[guy@Mac-Pro-3 ~ % python3 =

Python 3.10.0 (v3.10.0:b494f5935c, Oct 4 2021, 14:59:20) [C
lang 12.0.5 (clang-1205.0.22.11)] on darwin

Type "help", "copyright", "cradits" or "license" for more in
formation.

>>> def show,username():b

... "in This sample function uses no parameter@
[... and returns no value."""

... from getpass import getusew@

LN )
|guy@Mac-Pro-3 ~ % python3 I’
Python 3.1€.0 (v3.10.0:b494f5935c, Oct 4 2021, 14:59:20) [C
lang 12.6.5 (clang-1205.0.22.11)] on darwin

Type "help", "copyright", "credits" or "license" for more in
formation.

[>>> def show_username():

looa " This sample function uses no parameter

[... and returns no value."""

guy — Python — 60x28
Cl

looo from getpass import getuser
you = "You are logged in as “0
you = you + getuser() + "."
print(you)ﬂ
[...
show_username ()
You are logged in as guy;@

»>> ]

o
o

Type the function’s name, and then

press (2.

The function runs and displays the
message including the username.
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Create a Function That Returns Multiple Values 8

M any functions return just a single value, but Python enables you to create functions that return
multiple values. In this section, you create a function that uses one required parameter and that
returns three values. The function is called convert miles yards feet inches(); it usesa
parameter called miles, and it returns the equivalent numbers of yards, feet, and inches.

o Open a terminal window and launch Python.

@ The Python prompt appears.
Q Type the following function header, which

declares the function with one parameter, miles.

Press (5.

def convert miles yards_ feet
inches (miles) :

e Type the following statement, which creates the
variable yards and assigns to it the result of
multiplying miles by 1760. Press (Z10].

yards = miles * 1760

0 Type the following statement, which creates the
variable feet and assigns to it the result of
multiplying miles by 5280. Press (Z121.

feet = miles * 5280

© Type the following statement, which creates the
variable inches and assigns to it the result of
multiplying miles by 63,360. Press (510).

inches = miles * 63360

e Type the following return statement, which
returns yards, feet, and inches. Press (Z101).

return yards, feet, inches

0 Type the following statement, which uses the
print () function to display the result of
calling the function with the argument 2,
and then press (Z150.

print (convert _miles yards feet
inches (2))

© Python displays the resulting tuple:
(3520,

10560, 126720)

Gﬁ Command Prempt - python % 4 - o X

A g

C:\Users\GuyHart-Davis>python

Python 3.10.3 (tags/v3.10.3:a342a49, Mar 16 2022, 13:07:40) [
MSC v.1929 64 bit (AMDEU)] on win32

Type "help", "copyright", "credits" or "license" for more inf
ormation.

p>>> def convert_miles_yards_feet_inches(miles):

yards = miles * 1760
&-Feet = miles * 5280

B¥ Command Prompt - python X + v - o X

C:\Users\GuyHart-Davis>python
Python 3.10.3 (tags/v3.10.3:a342a49, Mar 16 2022, 13:07:40) [
MSC v.1929 64 bit (AMD6L)] on win32
Type "help", "copyright", "credits" or "license" for more inf
ormation.
>>> def convert_miles_yards_feet_inches(miles):

yards = miles * 1760

feet = miles * 5280
&iﬂches = miles * 63360
return yards, feet, inches@

>>> print(convert_miles_yards_feet_inches(2))
(3529, 10560, 126720)
>>>
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Create a Function with Optional Parameters

ncluding optional parameters in a custom function enables you to make your code more flexible.

In this section, you create a custom function that calculates the odds for a parlay bet, a
cumulative bet on multiple outcomes. The function lets the user calculate the odds for a parlay
involving two, three, four, or five bets using decimal odds. The function uses required parameters
for the first two bets, because a parlay must have at least two bets. The function uses optional
parameters for the remaining three bets, thus allowing the user to include these bets or omit them.

o Open a terminal window and launch Python. 500 ,“,_,mn_aa.n{
guy@Mac-Pro-3 ~ % python3 I
QThe Python prompt appears. Python 3.10.@ (v3.10.0:b494f5935¢, Oct 4 2021, 14:59:20) [C
lang 12.0.5 (clang-1205.0.22.11)] on darwin
e Type the following function header which Type "help", "copyright", "credits" or "license" for more in
’ formation.
. . . t>>> def parlay(oddsl, odds2, odds3 = None, odds4 = None, odd
declares the function parlay with five 0;;’- Ronny ey (oadst, odds2, 0dds3 = None, oddsd = None, o @

"""Calculate the odds for a parlay that contains twol

parameters, odds1 through odds5, making " thres, four, or five hatsiu®
the last three parameters optional by
assigning the value None to them.

Press (2000

def parlay(oddsl, odds2, odds3 =
None, odds4 = None, odds5 = None) :

e Type the function description, and then
press (00,

"""Calculate the odds for a parlay
that contains two, three, four, or
five betg"""

oo guy — Python — 60x28
guy@Mac-Pro-3 ~ % python3 =
Python 3.10.0 (v3.10.0:b494f5935c, Oct 4 2021, 14:59:208) [C

Type the fOll'OW1ng Statement' Wh]Ch dec"ares lang 12.0.5 (clang-1205.0.22.11)] on darwin

the Variabl.e o) and ass-igns to -it the reSUl.t Of Type "help", "copyright", "credits" or "license" for more in
formation.

mult]pl_y]ng odds1 and odds2. Press m. >>> def parlay(oddsl, odds2, odds3 = None, odds4 = None, oddl
s5 = None):
5 """Calculate the odds for a parlay that contains twol

p = oddsl * odds2 , three, four, or five bets""Z4
p = oddsl * odds20 |

e Type the following if statement, which checks oo a CEEED (S (ITE :

p=p!odd53$ |

whether odds3 has the value None and, if not,
multiplies p by odds3. Press (1] at the end of
each line.

if odds3 != None:
p = p * odds3
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@ Type two similar if statements for odds4 and eoe = sy — Python — 60x28 |
. . |guy@Mac-Pro-3 ~ % python3 =
oddss, again pressing (=] at the end of each Python 3.10.0 (v3.10.0:b494f5935c, Oct 4 2021, 14:59:20) [C
h'ne, lang 12.0.5 (clang-1205.0.22.11)] on darwin
* Type "help", '"copyright", "credits" or "license" for more 1in
formation.
if odds4 != None: >>> def parlay(oddsl, odds2, odds3 = None, odds4 = None, odd
s5 = None):
p =D * odds4 oo ""icalculate the odds for a parlay that contains twol
if odds5 != None: 5 three, four, or five bets"""
p = oddsl * odds2 |
P =P * oddsb if odds3 != None: I
p = p * odds3 |
1 7 if odds4 = N B |
0 Type the followm.g return statement, which iredes u:g;@ ‘
causes the function to return the value of p to the -.. 1 odds3 L= Hone: !
. p = p * odds5 I
calling code, and then press (Z12J. ...  returnp |
return p >>> |
e Press (217 again to end the function.
The Python prompt appears again.
Q Type the following statement, which uses the eoce = ouy —Python— 60x28 |
, . . . Iguy@Mac-Pro-3 ~ % python3 =
print () function to display the result of calling Python 3.10.0 (v3.10.0:b494f5935c, Oct 4 2021, 14:59:20) [C
: : lang 12.0.5 (clang-1205.0.22.11)] on darwin
the parlay () function and supplying four bets at Type "helph, Mcopyrighth, Tereditsh or "license" for mare 4n
formation.
|.0W Odds' Press m' >>> def parlay(oddsl, odds2, odds3 = None, odds4 = None, oddl
. s5 = None):
prll’lt (parlay ( 1.72 ’ 2 ’ 3.6 ’ 1. 72) ) 8 ""icalculate the odds for a parlay that contains twol
5 three, four, or five bets"""
Python displays the accumulated odds for the S e }
fourfold bet. P = p * oddsd !
if odds4 != None: |
. p = p * odds4 |
@ Press () to reenter the previous statement, but if oddss = None: ]
.. . . . = p * odds5 |
this time edit the end to include a fifth argument. L retunp !
o |
Press m >>> print(parlay(1.72, 2, 3.6, 1. 72))0 I
21.30048
print (parlay(1.72, 2, 3.6, 1.72, 4)) >»> print(parlay(1.72, 2, 3.6, 1.72, 4))@ w
85.20192
>5> I

Python displays the accumulated odds for the
fivefold bet — 85.20192 for the example.

What data types can I use for default values?

You can use most data types, including None, as in this example; an integer, such as 0 or 1; a Boolean,
such as True; or a string. However, in general, it is best to avoid mutable data types because although
they work correctly the first time you call the function, subsequent calls to the function will return the
value the last call assigned to the data type. For example, if you use an empty list as a default value, the
first call returns an empty list, as expected, but the next call returns a list containing the values you
assigned to the list.
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CHAPTER 9

Working
with Text

In this chapter, you learn how to use Python to work with text, which Python
handles as strings of characters. You start by learning the essentials of
strings and then perform essential moves with strings, such as returning part
of a string; concatenating multiple strings into a single string; searching for
specific values; and building strings using the interpolation operator, using
the . format method, using f-strings, and using template strings.

real_title_case.py

@ real_title_case py X

Users > guy > Dropbox > TYV_Python > Code > Assorted > @ real_title_case.py > & make_title

def make_title(sT):
rlist = []
rg = "
for word in sT.split():
if not word.isupper() and word not in lwords:
word = word.title()

rlist.append(word)

if not rlist[e].isupper():

| rlistle] = rlistle].title()

if not rlist[-1].isupper():
rlist[-1] = rlist[-1].title()

for word in rlist:
rs += " " + word

rs = rs.strip()
return rs

def main():
sT = input("Enter the title: ")
print(make_title(sT))

if __name__ == "__main__":

main()

Python 3.10.0 64-bit CodeTogether (& 0 A O Ln11,Col 31 Spaces:4 UTF-8 LF Python &
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Learn the Essentials of Strings

In this section, you learn the essentials of strings: with what strings are in Python, how you create
single-line strings and multiline strings, and the tools that Python provides for working with
strings. You also learn a little about character codes and character sets, the symbols that computers
use to represent text — and emoji — on the screen.

Understanding What a String Is

A string is an ordered sequence of characters, such as abcd or The quick brown fox. You can create a
string by assigning text within quotes to a variable. For example, the following statement creates a variable
named animall and assigns The quick brown fox to it:

animall = "The quick brown fox"

Because the characters have a specific order, each string is immutable, which means you cannot change it.
However, you can take the string, manipulate it, and then assign the manipulated string either to the same
variable again or to another variable.

A string can contain anywhere from zero characters up to as many characters as your computer’'s memory
can handle. Most strings fall between these two extremes.

Understanding How You Create Strings

When creating a string, you delimit its contents with quotes. To delimit any particular string, you can use
either a single quote at the beginning and the end or double quotes at the beginning and the end. You
cannot mix single and double quotes to delimit a single string — for example, you cannot start a string
with a single quote and then end it with double quotes.

The following example creates a variable named str1 and assigns a string to it using single quotes:

strl = 'New York'

Similarly, the following example creates a variable named str2 and assigns a string to it using double quotes:
str2 = "Grand Canyon Junction"

Using single quotes enables you to include double quotes as part of the string. Here is an example:

str3 = 'Ann said, "I want to go to New York."'

Likewise, using double quotes enables you to include single quotes inside the string. Here is an example:
str4 = "Bill replied, 'We should stay here.'"

To create a multiline string, you can use either triple single quotes or triple double quotes to mark the start
and end of the string. Creating a multiline string enables you to control where the line breaks occur in the
output. Here is an example:

str5 = """Conference Room C

This meeting room is for senior management only."""

In a multiline string, you can also control the layout of text by including tab characters and new-line characters.
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Understanding Python’s Tools for Manipulating Strings

Python provides a wide variety of methods for manipulating strings. Each string method returns a new value,
so it does not change the original string. However, you can assign a changed string back to the variable
that contained it, which gives a similar effect to having changed the original string.

The section “Meet Python's String Methods,” later in this chapter, gives you an overview of the string
methods that Python offers. Subsequent sections of the chapter show you how to put many of the string
methods to work.

Understanding Character Codes and Character Sets

A character set is a list of symbols used to display text and emoji on a computer. Different character sets
may have different characters for the same character codes, the numbers that identify particular characters
within a character set.

For example, the widely used American Standard Code for Information Interchange — ASCII for short —
contains 255 characters, including uppercase and lowercase Roman letters, such as ABC and abc; Arabic
numerals, such as 123; punctuation marks, such as ? and !; and control characters such as Delete, Escape,
and space. The Unicode character set, which greatly extends ASCII, has many more than 100,000 characters
that include the characters used in more than 100 languages, not to mention thousands of emoji.

When using Python 3, you will normally use the Unicode character set, which Python 3 is designed to
support fully. However, earlier versions of Python 2 may use ASCII rather than Unicode.

Unicode supports different formats for encoding its characters. These formats are called Unicode
Transformation Formats, abbreviated to UTF. The most widely used Unicode Transformation Format is UTF-8,
which uses 8-bit character units to encode the characters. UTF-8 uses up to four character units to encode a
character. Eight bits is one byte, so UTF-8 uses up to four bytes of space to encode a given character.

This book assumes you are working with UTF-8.
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Create Single-Line Strings

o store text, Python enables you to create either single-line strings or multiline strings.

Single-line strings are good for general use in code, whereas multiline strings can be useful for
presenting text laid out with line breaks and indentation. This section shows you how to create
single-line strings; the next section, “Create Multiline Strings,” covers multiline strings.

To delimit a single-line string, you use either paired single quotes or paired double quotes. If
needed, the string text can include quotes of the opposite kind — for instance, a string delimited
with double quotes can include single quotes for quotation or apostrophes.

Create Single-Line Strings \
0 In Visual Stud]o code, Create d new SCr]pt, and then Ie Edit Selection View Go Run Tevminal}smngﬂ.py-Visual&udne(mﬂe - O x

save it. # sringsipy X I

C: > Users > guy > Dropbox thon > Code > 4 stringsi.py > ..
1 strl = 1

e Type the following partial statement, which creates a
variable named str1, and then press [(Z10:

strl = "

(@ Visual Studio Code’s Auto Closing Quotes feature

automatically inserts the closing double quotes for T m o D e D oo ain = 8 %
you. Normally, this is helpful. I ® stingslpy 1 % o @ =

. T et < i rooied surprize |<lE)) -
e For this example, press (L] to delete the second @ |
pair of double quotes, and then type Anna looked
surprised., including the period.

Visual Studio Code places a wavy red underline
beneath the string text to indicate there is a problem.

) File Edit Selection View Go Run Terminal Help strings1.py - Visual Studio Code  — o x
0 Move the pointer over the underlined string. ® stogsipy 1 % | string litersl is unterminsted £ 0 bom -
C: > Users > guy > D View Problem  No quick fixes available o
© The pop-up balloon shows the error that the Pylance P “T 1
Type the missing double quotes to close the string,
and then press (1.
1 strl = "Anna looked surpr‘]sed

extension has identified: String literal is unterminated.
Visual Studio Code removes the wavy red underline. I
File Edit Selection View Go Run Terminal Help. strings1.py - Visual Studio Code  — o x
G Type the following statement, which creates a variable I . e - e
2 = "Anna id "Who?" to B

named str2 and assigns to it a string that contains
quotes, and then press (Z100: :

str2 = 'Anna said "Who?" to Bill.'
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Visual Studio Code starts a new line.

© Type print(str.

@ Visual Studio Code displays the Auto
Complete list, showing the available items
starting with the letters str, st, and s, in
that order.

e Click the item you want to enter — in this
case, stril.

Note: You can also select an item from the
Auto Complete list by “typing down” to it —
typing further characters until you identify it
unambiguously — or by pressing (£ or (). Once

you have selected the item, press to enter it.

Visual Studio Code enters that item in the
code, including the closing parenthesis
required to complete the function
statement.

0 Press (=1, to create a new line, type the
following statement to display str2, and

then press (5] again:
print (str2)
@ Click Run Python File in Terminal ([>).

Visual Studio Code displays the Terminal
pane.

Visual Studio Code runs your code.

() The two strings appear in the Terminal pane.
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) File Edit Selection View Go Run Terminal Help strings1.py - Visual Studic Code  — m] X
@ stringsl.py X b~ 0 -
€ > Users > guy > ox > TYV_Python > Code » # strings1.py > ...

1 stel = a locked surprised.” e
2 str2 = nna said "Who?" to Bill.'
3 pr‘int(str{) 1
4 str
@l strl 8
[l str2
2] StrOrBytesPath
=] StrPath

4 StopIteration

4 SupportsTrunc

@ setattr

4s StopAsyncIteration
4z SupportsRDivMod

%4z SupportsRead

4z SupportsReadline

Python 3.100 64-bit 0 A0

®) File Edit Selection View Go Run Terminal Help strings1.py - Visual Studio Code  — a x

& stringsl.py X &D ~ [ -
C: » Users > guy > Dropbox > TYV_Python > Code > # stringsl.py » ...

1  strl = "Anna loocked surprised.” ’
2 str2 = "Anna said "Who?" to Bill.'
3 print(strl)

4 print(str2)
5

PROBLEMS OuTPUT DEBUG CONSOLE TERMINAL

Bleon +~ M @ ~ x

Windows PowerShell
Copyright (C) Microsoft Corporation. All rights reserved.

Install the latest PowerShell for new features and improvements! https://ska.ms/PSWindows

PS C:\Users\guy> & "C:/Program Files/Python318/python.exe” c:/Users/guy/Dropbox/TYV_Python/Co
de/stringsi.py

Anna looked surprised.
Anna said "Who?" to Bills
PS C:\Users\guy>

Python 3.100 64-bit @0 A0

In5Col 1 Spaces4 UTF-8 CRLF Python & 0

Is there another way of including
quotes inside a string?

Yes. You can “escape” the quotes, telling
Python to treat them specially. To escape
a quote character, you put a backslash
before it. For example, in strl = 'Ann
is Bill\'s cousin', the \ ' escapes
the apostrophe.

How do I include a backslash in a string?

You can either escape the backslash by preceding it with another
backslash — for example, path = "C:\\Windows\\Temp"
stores the string C:\Windows\Temp — or create a raw string by
preceding the string with R or r, such as path = R"C:\
Windows\Temp". Escaping works for other special characters —
such as \b for Backspace and \ f for form feed — as well, but it
causes an error with any nonspecial character.
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Create Multiline Strings

hen you need to include line breaks and spacing in a string, you can create a multiline string in
either of two ways. The first way is to place either triple single quotes or triple double quotes
at the beginning and end of the string; between the delimiting quotes, you lay out the string on as
many lines as you want using carriage returns, spaces, and tabs, as needed. The second way to create
a multiline string is to enter it on a single line of code but include new-line characters or carriage-
return characters within the string.

Create Multiline Strings

Create a Multiline String Using Triple Quotes IECEEEEEY | T

% string_multi_1.py X B (@) o
0 In Visual Studio Code, create a new script, and then I 0 s 15 _
save it.

@ 1n the Editor pane, type the following partial statement,
which creates a variable named strMulti and starts
assigning a string to it:

strMulti = """To:

Note: You can use either triple single quotes or triple double
quotes for any multiline string, but you cannot mix and match
single quotes and double quotes for the same string. ._ N W e

o

% string_ multi_l.py X

Code automatically enters a matching one to the right of

strMulti =

1 -2
the insertion point, closing the string for you. : ii?giidusi'iléiif“"“ﬂ
4

@ As you enter each double-quote character, Visual Studio < rie Ea sdecion Viev Go Run Termil i 1WE —

/_Python > Code > 4 string_multi_1.py > ..
e

Anytown, IND 46555""*

e Press m 6 Dl‘int(str“lulti!

The insertion point and the three closing double-quote

characters move to a new line. onov ot pmccowes T Blowen 4o 0 @ ~ %
. . . . Copyright (C) Microsoft Corporation. All rights reserved.

0 Type the contents of the string, using spaces for indentation ookl She Ltest Pouertell fr rin fstires ond St kg ke PSinds
and pressing (3112 to create new lines, as needed. Here is proiicnis v
an example: éEZﬁ:ﬁiﬁ;‘;ﬂé’.’““"@

e
strMulti = """To:
Indefinite Distributors
555 Industry Blvd. 0 Type the following print () statement to
Anytown, IN 46555""" display strMulti, and then press [Z150:
e Press (. print (strMulti)

The insertion point moves to after the three closing double- 0 Click Run Python File in Terminal ([>).

quote characters. (© The multiline string appears in the

Note: You can also press (1) to move the insertion point to Terminal pane.
the end of the line.
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Create a Multiline String Using Carriage- e oz
Return and New-Line Characters g @ e 4 > =
Users » guy > Dropbox » TYV_Python > Code > 4 Multi2 » .
0 In Visual Studio Code, create a new script, and 1 Multi2 = “\t\tIntroduction\n\nMaking a stronggerst 7
. ! ! impression has never been more important.”
then save it. 2 Multi2 = Multi2 + "\n\n\tHere is a handy technique
you can use to add impact to your first impression."o -

e In the Editor pane, type the following statement, 3
which creates a variable named Multi2 and
assigns to it a string that includes tab characters
and new-line characters. Press (=1.

Multi2 = "\t\tIntroduction\n\
nMaking a strong first impression
has never been more important."

e Type the following statement, which adds
further text to Multi2, and then press (Z10:):

Multi2 = Multi2 + "\n\n\tHere is a
handy technique you can use to add

impact to your first impression." eve Mz

Multil & Multiz x &D ~ @M -
Note: If Visual Studio Code does not wrap long Users > quy > Dropbax > TYV_Python > Code >  Muliz > . o
. . . 1  Multiz = "\t\tIntroduction\n\nMaking a strong first _—
lines of code, click View on the menu bar, and then inpression has never been more important.”
click Word Wrap, p[ac'ing a check mark next to it. 2 Multi2 = Multi2 + "\n\n\tHere is a handy technique

you can use to a impact to your first impression." n
. , 3 pri m'lurdizi

0 Type the following print () statement to .

display Multiz2, and then press (Zi15:

print (Multi2)

PROBLEMS OUTPUT TERMINAL DEBUG CONSOLE - A X
e Click Run Python File in Terminal ([>). RIS 7 IR flsenfmabres Tt D

@ The multiline string appears in the Terminal Foking o strong Flrst inpression has never been fore ispartant

Here is a handy technigue you can use to add impact to your first i

pane with the tab characters replaced by tabs povdincpro-2 « &
and the new-Lline characters replaced by new
lines.

T1P

What is the difference between a carriage-return character and a new-line character?

In a string, the carriage-return character, \r, makes the following text start at the beginning of the line,
but it does not move down to the next line. By contrast, the new-line character, \n, moves down to the
next line and makes the text start at the beginning of the line.

Usually, you will want to use \n to start the text on a new line. Using \r on its own causes any subsequent
text to overwrite part of the existing text, which is not what you normally want.
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Meet Python’s String Methods

Python includes nearly four dozen methods for working with strings. This section gives you

an overview of these methods, dividing them into five categories: methods for checking and
changing the case of text, such as islower () and lower (); methods for returning information
about strings, such as isalpha () and startswith (); methods for finding and replacing in
strings, including £ind () and replace (); methods for laying out string data, such as center ()
and format (); and methods for transforming string data, from encode () to z£i11 ().

Later in this chapter, you put the most useful of these methods into action.

Methods for Checking and Changing Case
Table 9-1 lists Python’s methods for checking and changing the case of strings.

Table 9-1: Methods for Checking and Changing Case

Method What It Returns

capitalize() The string with an initial capital applied

casefold() The string in lowercase letters

islower () True if all characters in the string are lowercase

istitle() True if the string is lowercase with initial caps

isupper () True if all characters in the string are uppercase

lower () The string in lowercase letters

swapcase () The string with its original casing reversed

title() The string in title case — with the first letter of each word capitalized
upper () The string in uppercase letters

Methods for Returning Information About Strings
Table 9-2 lists Python’s methods for returning information about strings.

Table 9-2: Methods for Returning Information About Strings

Method What It Returns

count () The count of occurrences of the string in another string
endswith () True if the string ends with the specified string
isalnum() True if all characters in the string are alphanumeric
isalpha () True if all characters in the string are alphabetical
isascii () True if all characters in the string are ASCII characters
isdecimal () True if all characters in the string are decimals
isdigit () True if all characters in the string are digits
isidentifier () True if the string is a valid identifier

isnumeric () True if all characters in the string are numeric
isprintable () True if all characters in the string are printable
isspace () True if all characters in the string are whitespaces
startswith () True if the string starts with the specified string
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Methods for Finding Within Strings
Table 9-3 lists Python’s methods for performing find operations in strings.

Table 9-3: Methods for Finding and Replacing in Strings

Method
find ()
index ()
rfind ()
rindex ()

What It Returns

The position of the specified value in the string

The position of the specified value in the string

The position of the specified value in the string, searching from the end
The position of the specified value in the string, starting from the end

Methods for Laying Out String Data
Table 9-4 lists Python’s methods for laying out string data.

Table 9-4: Methods for Laying Out String Data

Method
center ()
format map ()
format ()
ljust ()
rjust ()

What It Returns

A centered string

The string formatted as specified

The string formatted as specified

The left-justified version of the string
The right-justified version of the string

Methods for Transforming String Data
Table 9-5 lists Python’s methods for transforming string data.

Method
encode ()
expandtabs ()
join ()
lstrip()
maketrans ()
partition ()

replace ()
rpartition ()

rsplit ()
rstrip()
split ()
splitlines ()
strip ()
translate ()
zfi11 ()

Table 9-5:

What It Returns

The string encoded in the specified way

Sets the tab size to the specified number of white spaces (default 8)

A string containing an iterable’s elements joined together

The string with leading spaces removed

A translation table

A three-element tuple containing the text before the specified string (searching from the
beginning), the specified string, and the text after the specified string

A string with the specified search value replaced with the specified replacement value

A three-element tuple containing the text before the specified string (searching from the end),
the specified string, and the text after the specified string

Splits the string at the specified separator, and returns a list

The string with trailing spaces removed

A list consisting of strings split at the specified value

A list containing strings created by splitting the specified string at the line breaks

The string with leading and trailing spaces removed

A translated string

The string filled with zeros at the beginning to bring it to the specified length

Methods for Transforming String Data
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Return Information About a String

ython includes a wide variety of string methods that enable you to return information about

strings. For example, you can use the isupper () method or the islower () method to
determine whether the string is uppercase or lowercase, respectively; or use the isalpha () method,
the isnumeric () method, or the isalnum () method to check whether the string is numeric,
alphabetic, or alphanumeric — again, respectively. You can use the startswith () method to
check a string’s start, use the endswith () method to check its end, or use the count () method to
return the number of occurrences of another string inside that string.

o Open a terminal window and launch Python. USTS— ~ o5 x
Microsoft Windows [Version 10.0.22000.376]
o The Python prompt appears_ (c) Microsoft Corporation. ALl rights reserved.

C:\Users\guy_h>python

o Type the fO“.OW'ing Statement, WhiCh Cl’eates a Pzﬁh;gtSEigbgﬂgﬁag:/;ir}gg.Z:aSSEhc:, Jan 17 2022, 14:12:15) [MSC v.1929
. . . . Type "help", “copyright", "credits" or "license" for information.
variable named str1 and assigns a string to it, 0—:; strd - Fsonetines o String is just 3 smnguﬁ
and then press (50
strl = "Sometimes a string is just a
string."

e Type the following statement, which uses the
isalnum () method, to check whether the string’s
characters are all alphanumeric, and then press (5150

strl.isalnum()

Python returns False, because the spaces and W conmnspargt-pn % | - o ox
the period are not alphanumeric characters. Aot el o SO
C:\Users\guy_h>python
Note: You could also try other tests, such as pg:n:ri\tstigbgu%ag:/ﬁ;‘;g.2:asaeb:c, Jan 17 2022, 14:12:15) [WSC v.1929
strl.isalpha(), strl.isdecimal (), Or A R e g et
R . >>> strl.isalnum()
strl.isnumeric(). False
>>> strl.endswith("."
. . True
e Type the following statement, which uses the »>> strl.startsuith(*The")

endswith () method to check the string’s end,
and then press (Z120):
strl.endswith(".")

Python returns True because the string ends with
a period.

e Type the following statement, which uses the
startswith () method to see if strl starts
with “The”, and then press (Z1-0:

strl.startswith("The")
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Python returns False.

@ Type the following statement, which uses the
count () method to return the number of instances
of “string” in str1, and then press (= :

strl.count ("string")

Python returns 2, because str1 contains two
instances of “string”.

o Type the following statement, which uses the
isprintable () method to determine whether
all the string’s characters are printable, and then

press (00
strl.isprintable ()

Python returns True, because all the string’s
characters are printable.

Note: Characters such as a line feed or a carriage
return are nonprintable and cause the
isprintable () method to return False.

e Type the following statement, which checks
whether the string is a valid identifier in Python,
and then press (100

strl.isidentifier ()

Note: A valid identifier must contain only
alphanumerics — the letters a to z and the
numbers 0 to 9 — and underscores. It cannot
contain spaces. It can start with a letter or an
underscore, but not with a number.

Python returns False, because the string contains
spaces and punctuation.
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B Command Prompt - python X + v - o X

Microsoft Windows [Version 10.8.22000.376]
(c) Microsoft Corporation. A1l rights reserved.

C:\Users\guy_h>python

Python 3.10.2 (tags/v3.10.2:a58ebcc, Jan 17 2022, 14:12:15) [MSC v.1929
64 bit (AMD64)] on win32

Type "help", "copyright", "credits" or "license" for more information.
>>> strl = "Sometimes a string is just a string."

>>> strl.isalnum()

False

>>> strl.endswith(".")

True

>>> strl.startswith("The")

False
>>> strl.count("string")@
2

>>> strl.isprintable()

BE Command Prompt x + v - o X

Microsoft Windows [Version 10.0.22000.376]
(c) Microsoft Corporation. A1l rights reserved.

C:\Users\guy_h>python

Python 3.10.2 (tags/v3.10.2:a58ebcc, Jan 17 2022, 14:12:15) [MSC v.1929
64 bit (AMD64)] on win32

Type "help", "copyright", "credits" or "license" for more information.
>>> strl = "Sometimes a string is just a string."

>>> strl.isalnum()

False

>>> strl.endswith(".")

True

>>> strl.startswith("The")

False

>>> strl.count("string")

>>> strl.isprintable()

True
>>> strl.isidentiFier()@
False

>>>

object of type 'int' has no len().

How can I return the number of characters in a string?
Use the 1en () function, which returns the length of the string as a number of characters. For example,
print (len(strl)) makes Python display the number of characters in str1, including spaces.

The 1en () function works on sequences and collections but returns a TypeError error if you use it on an
object that has no length. For example, if you run 1en () on an int object, Python returns TypeError:
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Transform and Clean Up a String

As you saw in the section “Meet Python’s String Methods,” earlier in this chapter, Python provides
a comprehensive suite of methods for manipulating strings. In this section, you use some of
those methods to clean up a string by trimming off leading spaces — extra spaces at the beginning
of the string — and trailing spaces —extra spaces at the end — and replacing double internal
spaces with a single space. You then use the split () method to split the string into a list and the
partition () method to split the string into a three-element tuple.

Transform a String

o Open a terminal window and launch Python. ece "°=-*=—Pvm°"—85*=s£

guy@Mac-Pro-2 Code % python3
Python 3.10.0 (v3.10.0:b494f5935¢c, Oct 4 2021, 14:59:20) [Clang 1
() The Python prompt appears. 2.0.5 (clang-1205.0.22.11)] on darwin

Type "help", "copyright", "credits" or "license" for more informat

e Type the following statement, which creates a &.332'1... =% West Oregon 19411 0

variable named 1m and assigns a string to it, > |
and then press (Z100):
Im =" West Oregon 19411 "
Note: The 1m string has three leading spaces,
double spaces between the words, and three
trailing spaces.
e Type the following statement, which assigns
to 1m the string with its leading spaces and
trailing spaces removed, and then press (Z10):
lm = 1m * Strip ( ) eve " Code — Python — 66x26
. @Mac-Pro-2 Code % python3 5
Note: To remove on[y lead]ng spaces, use the %;{hu:c&;;.@ (:3fza.gfb4;:fssssc, Oct 4 2021, 14:59:20) [Clang 1
! i 2.0.5 (clang-1205.0.22.11)]1 on darwin
lstr:l.p () method —_— for example, Im. lstrlp () . Type "help", "copyright", "credits" or "license" for more informat
To remove only trailing spaces, use the rstrip () ST (e e
>>> 1m = ‘Lm.strip()@
method. %print(lm)
lest Oregon 19411
O Type the following statement, which displays the i bt )@

contents of 1m, and then press (5120
print (1m)

Python displays the trimmed string:
West Oregon 19411

e Type the following statement, which uses the
replace () method to replace each instance of
two spaces with a single space and assigns the
results to 1m. Press (Z10.

lm = lm.replace(" ", " )
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@ Again, use the print () function to display the soe o= Fyn— ooz
(guy@Mac-Pro-2 Code % python3 e
h .10. .10.0:b: 1 , O o 159: cl
contents of 1m. Press (EIE3. D g tee b e on darvan + 262k Mss0120 [Elang 3
. Type "help", "copyright", "credits" or "license" for more informat
print (1m) jon.
(>>> 1m = " West Oregon 19411 L
. . . . (>>> 1m = 1m.strip()
Python displays the string, now with a single space [>>> print(im
West Oregon 19411
between words. 5>> Im = lm.replace(" ", " ")
@print(lm)
West Oregon 19411
West Oregon 19411 [>>> Listl = lm.split(" "’0
33> print(listL)f]

0 Type the following statement, which creates a variable
named 1ist1 and assigns to it the list of strings
created by splitting the string in 1m at its spaces using
the split () method. Press (Z101.

listl = lm.split(" ™)

e Type the following statement, which uses the print () oo 15 Code —zoh— 625
thod to display 1ist1, and then press (515 Fython 3/160.6 (u3.16.orbaseFsssse, 0 ) tcteng 1 |
: Python 3.1€.0 (v3.10.0:b494f5935¢c, Oct 4 2021, 14:59:20 ang 1
me 0 p y 1s ! p 2.0.5 (clang-1205.0.22.11)] on darwin
. . Type "help", "copyright", "credits" or "license" for more informat
print (listl) fon.
(>>> lm = " West Oregon 19411 L
. . . (>>> 1m = Im.strip()
Python displays the list of three strings: >>> print(im
West Oregon 19411
[>>> 1m = lm.replace(" ", " ")
['West', 'Oregon', '19411'] [>>> print(im) ?

West Oregon 19411

0 Type the following statement, which creates a 5 e
. . . ['West', 'O ', '19411']
variable named tuple1l and assigns to it the three- 55> tupte :effparﬁmnvaregon-)@
. o e ge . print(tuplel)
element tuple resulting from dividing 1m using the ®('West ', Toregon’, ' 18411')

33>

partition () method. Press (Z15).

tuplel = lm.partition('Oregon')

@ Type the following print statement to display the
contents of tuple1, and then press (Z15):

print (tuplel)
Python displays the three-element tuple:
('West ', 'Oregon', ' 19411')

Note: The tuple appears in parentheses rather than brackets. Note also that the tuple’s first string includes a
trailing space and the third string includes a leading space.

How do I pad a string with zeros to make it a specific length?

Use the zfi11 () method, which fills the beginning of the string with zeros so that it contains the specified
number of characters altogether. For example, if the variable named a5 contains the string 628 but you need
an 8-digit number, you could use a5.z£fi11 (8) to produce the string 00000628. Note that the z£i11 ()
method is working with strings that appear to contain integer data, not with integers themselves.
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Return Part of a String via Slicing

ften, you will want to return part of a string rather than a whole string. For example, you may
want to get the first three characters, the last ten characters, or a specific part in the middle.

Python uses the term slice to mean chopping up a string like this; you can also slice other objects,
such as lists, tuples, and sets. When slicing, you specify the start point and the end point for the
substring you are returning. You can also specify a step argument — for example, to return every

other character or every third character.

Return Part of a String via Slicing |

0 Open a terminal window and launch Python.
() The Python prompt appears.

Q Type the following statement, which creates
a variable named txt1 and assigns a string
to it, and then press (Z120:

txtl = "Cantilever production
statistics Q3"

e Type the following statement, which creates a
variable named first3 and assigns to it the

first three characters of txt1. Press (Z15).
first3 = txtl1[0:3]

0 Type the following statement, which uses the
print () function to display first3, and

then press (Z000):

print (first3)

Python displays can, the first three characters
in txtl.

e Type the following statement, which creates a
variable named 1ast2 and assigns to it the last
two characters of txt1. Press (510.

last2 = txtl[-2:]

194

sam@vubuntu: ~ 1

sam@vubuntu:~$ python3

Python 3.8.16 (default, Nov 26 2021, 20:14:08)

[GCC 9.3.08] on linux

Type "help", "copyright", "credits" or "license" fo e information.
>>> txtl = "Cantilever production statistics QS"@V

>>>

sam@vubuntu: ~

sam@vubuntu:~$ python3

Python 3.8.10 (default, Nov 26 2021, 20:14:08)

[ccc 9.3.0] on linux

Type "help”, "copyright", "credits" or "license" for more information.

>>> txtl = "Cantilever pr tion statistics Q3"

>>> first3 = txti[B:S]%
&print(fi.rsts)

Can

>>> last2 = txti[-2:
>>>
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@ Type the following statement, which uses the - T
print () function to display 1ast2, and then press sanguubuntu:-5 python
Python 3.8.10 (default, Mov 26 2021, 20:14:08)
m. [GCC 9.3.8] on linux
’ Type "help”, "copyright"”, "credits" or "license” for more informatien.
>>> txtl = "Cantilever production statistics Q3"
print (last2) e e e

Can
>> last2 = txti[-2:]

Python displays @3, the last two characters in txt1. %Prtnmam)

>>> middle1l® = txt1[22:32]0
0 Type the following statement, which creates reathities
a variable named middle10 and assigns to it é
10 characters from the mid part of txt1.

Press (2100

middlel0 = txtl[22:32]

Q Type the following statement, which uses the
print () function to display middle10, and then

press (1.0 : . —

. . sam@vubuntu:~$ python3

print (middlel0) Python 3.8.16 (default, Nov 26 2021, 20:14:68)

[GCC 9.3.0] on linux

. . [Type "help”, "copyright", "credits" or "license" for more information.
: : >>> txtl = “Cantil duction statistics Q3"

Python displays statistics, the characters in D T e e

ope . >>> print(first3)

positions 22 to 32 in txt1. an |

>>> last2 = txt1[-2:]

>>> print(last2)

w

Q Type the following statement, which creates a variable o . . . .
named m100dd and assigns to it every other character [ friftinedter® g

>>> m1@odd = middlel@[::2]

from middlelo0. PI’eSS m. >>> Drint(meodd)w

saitc
ml0odd = middlelO[::2]

>>>

@ Type the following statement, which uses the print ()
function to display m100dd, and then press (Z100:

print (ml10odd)

Python displays saitc, every other character from

statistics.
How do you use colons when slicing a string? What does a negative number mean in
Slicing as shown here takes three arguments — start, slicing?
end, and step — separated by colons. For example, A negative number indicates starting from
txt1[1:5] returns the second through the fifth characters | the end of the string rather than the
of txt1; txt1[1:5:2] uses a step value of 2 and so beginning. For example, txt1[-13:]
returns the second and fourth characters of txt1. You can returns the portion of txt1 from the
omit start to use the object’s start, omit end to use the 13th character, counting back from the
object’s end, and omit step to use the default step, 1. end of the string.
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Concatenate and Repeat Strings

ython enables you to join two or more strings together to make a single longer string. Computer
languages call this concatenating strings — literally, “chaining them together.” In Python, you
use the concatenation operator, +, to concatenate strings. You can repeat strings using either the

concatenation operator or the repetition operator, *.

The + operator simply appends the second string to first string, so if you concatenate the string
Anita and the string Hernandez, you get the string AnitaHernandez. When concatenating
strings, you will sometimes need to add spaces or punctuation to produce the string you need.

Concatenate and Repeat Strings

Join Strings Using the Concatenation Operator
o Open a terminal window and launch Python.

() The Python prompt appears.

o Type the following statement, which creates a variable
named fname and assigns a string to it, and then

press (03
fname = "Anita"

e Type the following statement, which creates a
variable named mi and assigns a string to it, and

then press (Z000):

mi = "C"

O Type the following statement, which creates a variable
named 1name and assigns a string to it, and then

press (0
lname = "Hernandez"

o Type the following statement, which creates a variable
named fullname and assigns to it a concatenated string,

and then press (Z100):

fullname = fname + " " 4+ mi + ". " 4+ 1lname

e Type the following statement, which displays fullname,
and then press (Z157):

print (fullname)

Python returns anita C. Hernandez, the full name
made up of fname, mi, and 1name, with spaces and a
period.
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&’Ccmmind Prompt - python - o X
icrosoft Windows [version 10,0.22000.466]

(c) Microsoft Corporation. A1l rights reserved.

c: \Users\guy>python

Python 3.10.0 (tags/v3.10.0:b494f59, Oct 4 2021, 19:00:18) [
SC v.1929 64 bit (AMDE4)] on win32

Type "help", "copyright", "credits" or "license" for more inf
prmation.

p>> fname = "Anita™

>>mi = "c"

p>>

B Command Prempt - pythan - o X
Pt - Pyt

icrosoft Windows [Version 10,0.22000.466]
(c) Microsoft Corporation. A1l rights reserved.

C:\Users\guy>python

Python 3.10.0 (tags/v3.10.0:b494f59, oct 4 2021, 19:00:18) [
SC v.1929 64 bit (AMD64)] on win32

Type "help", "copyright", “"credits"” or "license" for more inf

lormation.
"o+ 1name0

p>> fname = "Anita"

C
B>> Tname = “Hernandez“b

p>> mi =

p>> fullname = fname + " " + mi + ".
p>> print(fullname)

Mnita C. Hernandez

P>> o




Repeat a String Using the Concatenation
Operator

o Type the following statement, which creates a
variable named myText and assigns a string to
it, and then press (Z15):

myText = "* Draft *"

Note: The myText string uses spaces to increase
readability.

e Type the following statement, which uses the
concatenation operator to repeat myText three
times, and then press (Z123:

myText + myText + myText

Python returns * Draft ** Draft
** Draft *.

Repeat a String Using the Repetition
Operator

o Type the following statement, which creates
a variable named schar and assigns a string
to it, and then press (Z::

sChar = "#"

e Type the following statement, which uses the
repetition operator to repeat sChar 12 times:

sChar * 12

Python returns ' ############ ', which you
might use as a display element, such as a
separator.
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& Command Prompt - pythan - D X
pt - pyt

Microsoft windows [Version 10.0.22000.466]
(c) Microsoft Corporation. All rights reserved.

C:\Users\guy>python
Python 3.10.0 (tags/v3.10.0:b494f59, Ooct 4 2021, 19:00:18) [
MSC v.1929 64 bit (AMD64)] on win32

Type "help", "copyright", "credits" or "license" for more inf
ormation.

p>> fname = "Anita"

p>> mi = "c"

P>> Tname = "Hernandez"

p>> fullname = fname + " " + mi + ". " + Tname

p>> print(fullname)

lAnita C. Hernandez JA

P>> myText = "* Draft *"

P>> myText + myText + myTextQ

'* praft ** Draft ** praft *'

B>> o

B Command Prompt - [m] ®

Microsoft windows [Version 10.0.22000.466]
(c) Microsoft Corporation. All rights reserved.

C:\Users\guy>python
Python 3.10.0 (tags/v3.10.0:b494f59, Ooct 4 2021, 19:00:18) [
MSC v.1929 64 bit (AMD64)] on win32

Type "help", "copyright", "credits" or "license" for more inf
ormation.

p>> fname = "Anita"

p>> mi = "C"

P>> Tname = "Hernandez"

p>> fullname = fname + + mi + + Tname
p>> print(fullname)

lAnita C. Hernandez

b>> myText = "* Draft *"

P>> myText + myText + myText

'* praft ** Draft_** Draft *'

B>
p>> sChar = "#4

p>> sChar * 12
T v
P>

How do I concatenate a string and an integer?

intl + stril, returns a TypeError.

You need to cast the integer to a string; the same goes for any other nonstring data type you want to

concatenate with a string. For example, say you have a variable named int1 that contains an integer and a
variable named str1 that contains a string. You could use str (int1)
version of int1 with str1; trying to concatenate the two without casting the integer to a string, such as

+ strl to concatenate an integer
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Search for One String Inside Another String

hances are that your code will often need to search for one string inside another string. Python

provides four methods for performing searches within strings. You can use the £ind () method
to search for one string within another, starting from the left end of the string; and the rfind ()
method to search starting from the right end. Similarly, you can use the index () method to return
the position of one string within another string, again starting from the left end; or the rindex ()
method to return the position starting from the right end.

o Open a terminal window and launch Python.

@ The Python prompt appears.

Type the following statement, which creates a
string called text1, and then press (Z15):

textl = "It's raining cats, dogs,
and more cats."

e Type the following statement, which uses the
find () method to find the word “cats”, and

then press (Z150):

textl.find("cats")

Python returns 13, the character position at
which the first instance of “cats” starts in
the string, counting from the beginning and
including spaces.

0 Type the following statement, which uses the
index () method to locate the word “cats”,

and then press (Z100):

textl.index ("cats")

Python again returns 13, the character position
at which the first instance of “cats” starts.

Note: See the tip for information on the difference
between the £ind () method and the index ()
method.

e Type the following statement, which uses the
find () method again but adds two optional
arguments, and then press (Z15):

textl.find("cats", 20, len(textl))
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1 sam@vubuntu: ~

sam@vubuntu:~$ python3

Python 3.8.10 (default, Nov 26 2021, 20:14:08)

[GCC 9.3.8] on linux

[Type "help”, "copyright", "credits" or "license" for morggaformation.
>>> textl = "It's raining cats, dogs, and more catsf@

>>> text1.find("cats")l]

sam@vubuntu: ~

sam@vubuntu:~S$ python3

Python 3.8.10 (default, Nov 26 2021, 20:14:08)

[GcC 9.3.0] on linux

Type "help", "copyright", "credits" or "license" for more information.
>>> textl = "It's raining cats, dogs, and more cats."

>>> text1.find("cats")

113]

>>> textl.index("cats")

113]
>>> textl.find("cats", 20, len(textl))@
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Python returns 34, the character position at
which the second instance of “cats” starts.

sam@vubuntu: ~

sam@vubuntu:~$ python3
Python 3.8.10 (default, Nov 26 2021, 20:14:08)

Note: The £ind (), index (), rfind (), and [GCC 9.3.8] on Llinux

Type "help", "copyright", "credits" or "license" for more information.

rindex () methods all take three arguments. The  [->» text1 = "It's raining cats, dogs, and more cats.”

- . . . >>> textl.find("cats")
first argument, value, is required and gives the 13
. . >>> textl.index("cats")
search value. The second, start, is optional and |
. ope . texti.find("cats", 20, len(texti

gives the start position; the default is 0. The S cnltexes)
third, end, is optional and gives the end position; [ fe*t-rrdCeat=n

the default is the string’s end.

Q Type the following statement, which uses the
rfind () method to find the word “cats”,
but this time finding the instance nearest the
right end of the string. Press [(Zi5].

textl.rfind("cats")

Python again returns 34, the character

b h y“ ”
position of the instance of “cats” nearest the B thons

end of the stn'ng. Python 3.8.10 (default, Nov 26 2021, 20:14:088)
[GcC 9.3.8] on linux
. . Type "help", "copyright", "credits" or "license" for more information.
0 Type the following statement, which uses the  |->> texti < “It's raining cats, dogs, and more cats.”
, . . >>> textl.find("cats")
rindex () method to find the instance of 13
>>> textl.index("cats")

“cat” nearest the end of the string, and then [

sam@vubuntu: ~

pI'ESS m: ;:> textl.find("cats", 20, len(texti))
>>> textl.rfind("cats")
. 34
textl.rindex("cats") > textl.rindex(“cats")ﬂ
34
Python once more returns 34. P

What is the difference between £ind () and index()?

The find () method and the index () method work almost alike, and you can use whichever you prefer;
similarly, r£ind () is almost identical to rindex (). But there is one key difference: Whereas £ind () and
rfind () return -1 if they cannot locate the search string, index () and rindex () return an error —
specifically, valueError: substring not found. When searching, your code should either handle this
error or use £ind () instead of index () and rfind () instead of rindex ().
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Check and Change String Capitalization

Python includes various string methods for determining the capitalization of a string of text and
applying your preferred capitalization. For example, you can use the isupper () method to check
whether the string is all capitals and then use the title () method to apply “title case” — the first
letter of each word capitalized, the remaining letters lowercase.

In formal English grammar, however, title case uses all lowercase for articles, some prepositions,
and some conjunctions that are not the title’s first word or last word. In this section, you create a
function that applies such “real” title case to a string.

In Visual Studio Code, create a new script, and 5o
. & real_title_caso.py @ bv O -
then save it. d o
1 lwords = {"a" n, nash, but", "by’ for",
. . "how", "if", “in", "of", "on", "off", “nor", “or", "so", "the"
e In the Editor pane, type the following statement, o e e e, ey 0,

which creates the variable 1words and assigns
to it the list of words that should appear in
lowercase. Press (G0 .

lwords = { "a", "an", "and", "as",
"at", "but", "by", "for", "how",

nifn, nin", vof", "on", "off", "nor",
"or", "so", "the", "to", "up", "vial,
nwith" , "yet™ }

Note: The example list of words is not complete.

e Press (510 again to leave a line blank, and then type mea’. ... . . T o
the following statement, which declares the make e T e e,
title () function and specifies that it uses the sT e e T oty Torty ot anety
argument. Press (311 again. 3 R
4 rlist = l]{ |-
. 5 rs ="t
def make title(sT): s g

0 Type the following statement, which declares the
variable r1ist. This variable will hold the list of

results. Press (Z151).

rlist = []

e Type the following statement, which declares the
variable rs. This variable will hold the string that the
make title function returns to the code that calls

it. Press (100,

rg = "n
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@ Type the following statement, which begins a for — e L
loop. The loop uses the split method to divide the vy o e ¢ s Qe
value in the sT variable into words and uses the word e S ot oty AT Mot Yort, it it
variable to iterate through those words. Press [(1]. S
for word in sT.split() é’;::o,,”m TesplitO: T

0 Type the following statement, which uses an if : S —— M:Q

statement to check whether the value in word is
both not uppercase and not one of the words in

lwords. Press (Z10.

if not word.isupper () and word not in
lwords:

e Type the following statement, which uses the
title () function to apply title case to the string
in the word variable, assigning the result to the

Python 3100 64-bit _ CodeTogether (@ 6 /4 0 Ln8 Col13 Spaces:é UTF-8 LF Python & 0O

e0e real_title_case.py

word variable. Press (51777 : I

word = word.title() 3 fef e idetsn:
5 rs =

© Type the following statement, which uses the 7 et veras tspver) and g nt in wordss
append () method to append the string in the iwnﬁfa;ﬁﬁﬁ;ﬁié}“’@
. . . . 10

word variable to the list in r1ist. Press (Z100. e —— |
12 rlist[e] = 5}1{5@[3]411&()0
13

rlist.append (word) )

@ Press (511 again, creating a blank line, and then
type the following statement, which checks whether
the first item in r1ist is uppercase and, if not,
uses the title () method to apply title case to it.
Press (512 once more.

if not rlist[0].isupper() :
rlist [0] = rlist[0].title()

TIP

Why does the make title() function check whether the word is all uppercase?

As written, this function assumes that any word in all uppercase is an abbreviation or acronym that should
remain in uppercase. So if not word.isupper () verifies that the word is not uppercase before the
function changes the word’s case.

Python 3.10.0 64-bit  CodeTogether @4 /A 3 Ln13, Col9 Spaces:4 UTF-8 LF Pythen & O

In a fuller implementation, the function might first check whether the entire string was uppercase and, if
so, prompt the user to choose suitable casing.

continued >
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Check and Change String Capitalization (continued)

he code you write in this section contains a function called make title() that iterates through

the words in a string you enter — for example, a paragraph that will be a heading. The function
ignores words in uppercase, assuming them to have been entered that way deliberately. Uppercase
aside, the function ensures that the first word and the last word in the string each have an initial
capital; it compares each other word to a list of words that need to be lowercase and applies an

initial capital or all lowercase, as appropriate.

Check and Change String Capitalization (continued)

@ Press to reduce the indent, and then
type the following statement, which checks
whether the last item in r1ist is uppercase and,
if not, uses the title () method to apply title
case to it. Press (Zi0].

if not rlist[-1].isupper():
rlist[-1] = rlist([-1].title()

@ Press (21 again, creating a blank line, and
then press to reduce the indent.

@ Type the following for loop, which creates
the variable rs, iterates through each item in
rlist, and adds to it each item, preceded by a

space. Press (Enter §

for word in rlist:
rs += "" + word

@ Press (21 again, creating a blank line, and
then type the following statement, which uses
the strip () method to remove any leading and

trailing spaces from the string in rs, assigning
the result back to rs. Press (Fi4.

rs = rs.strip()

@ Type the following statement, which returns the
rs string as the output of the make title
function. Press (Z1C4.

return rs

@ Press (=] again to create another blank line,
and then type the following statement to declare
the main () function. Press (Z10.

def main() :
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real_title_case py

% real_title_case.py 9+ X e ([ e

Users > guy > Dropbox > TYV_Python > Code > Assorted > & real_title_case.py >

3 def make_title(sT): -

4 rlist = []

5 rs ="

6 for word in sT.split():

7 if not word.isupper() and word not in lwords:

8 word = word.title()

9 rlist.append(word)

10

11 if not rlist(@l.isupper():

12 rlist[o] = rlist[e].title() _l

13 if not rlist[-1l.isupper():

11 rlist[-1] = :lig}_[-l].title(!@
for word in rlist:

17 rs +=" "+ mrd@

18 1

| Python 310.0 64-bit CodeTogether @4 /A8 In18 Col8 Spaces:d UTF-8 LF Python & 0

real_title_case py
% real_title_case.py 9+ @ e ([ e

Users > guy > Dropbox > TYV_Python > Code > Assorted > & real_title_case.py >

3 def make_title(sT): =
4 rlist = [] -

5 rso= "

6 for word in sT.split():

7 if not word.isupper() and word not in lwords:

8 word = word.title()

9 rlist.append(word)

10

11 if not rlist(@l.isupper():

12 rlist[o] = rlist[e].title()

13 if not rlist[-1l.isupper():

14 rlist[-1] = rlist[-1].title() 1
15

16 for word in rlist:

17 rs+= " "+ word

18
rs = [3.5trip()@
return rs

| Python 310.0 64-bit CodeTogether @6 /A8 Ln23 Col6 Spaces:d UTF-8 LF Python & 0
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Q Type the following statement, which creates the oo relllecasey
variable sT and assigns to it the string that the ‘

user types. Press (Z107.

3
4
. . 5
sT = IHPUt ("Enter the title: “) 6 for word in sT.split():
7 if not word.isupper() and word not in lwords:
8 word = word.title()

Users > guy > Dropbox > TYV_Python > Code > Assorted > # real_title_case.py >

def make_title(sT):
rlist = []

@ Type the following statement, which displays the

9 rlist.append(word)
result of running the make title function on B
— 11 if not rlistle].isupper():
o 12 rhstlﬂl = rlist[e].title()
the sT Stnng. Press m' 13 if not rl.lstl—‘l] 1supper()
. . 14 t[ 1].title()
print (make title(sT)) 15
- 16 for word in rlist:
. . . rs += " " 4 word

@ Press (501) again, creating a blank line, and 1;

then type the following if statement to verify B | sl

that the main () function is being called from S

i+hi inte st = (“Enter v.,-w,:u:‘)@
Wlth]n the Scnpt' @ (make_title(sT))
if name == " main ": 26 if __name_ == "_ main @
- - — — 27 | main() |

% real_title_case.py 9+ ® (e (0] e

main ()
Python 8.10.0 64-bit CodeTogether &3 /A9 Ln27,Col13 Spaces:4 UTF-8 LF Python & 0
Run the Script voe e
. . . . 2 real_title_case.py
@ Click Run Python File in Terminal ([>). oyt oG s 1ty D e
. . 3 def make_title(sT): )
The script starts running. 4 rlist= [ -
. t
6 If-:lr word in sT.split():
o The prompt appearS. 7 if not word.isupper() and word not in lwords:
8 word = word.title()
o Type the text to which you want to apply title I rlistspsendtiord
11 if not rlist[e].i 0:
case, and then press [Z7]. 2 Mist(0] = Fiist (6] title()
13 if not rlist[-1].isupper():
© Include an uppercase word if you want to verify ig riistl-1] = riist(-1). title()
the casing of abbreviations and acronyms. ——— D p— PR

quy@ac-Pro-2 ~ % /usr/local/binjython3 /Users/guy/Dropbax/TYV_Python/Code/assorted/real, Ezsh
3 A e e tar - TCP/IP stack t u o rk GJPython
(@ Put one of the lowercase words last to verify the Eharhn § Torf SR R R e
. quy@ac-Pro-2 ~
casing.

() The title-case string appears.

Python 3.10.0 64-bit CodeTogether (& 04\ 0 Ln6, Col6 Spaces:4 UTF-8 LF Python & 0

What is the difference between the casefold () method and the lower () method?

Python’s 1ower () method is the method you would normally use to create a lowercase version of a string. The
lower () method effectively converts uppercase letters to their lowercase equivalent — for example, converting
Atoa, Btob, and z to z. However, Python provides the casefold () method as well, which lowercases a
wider range of letters than the lower () method does; this can be helpful for matching strings. For example,
German uses the Eszett character, &3, in place of some instances of double-s. Because R is a lowercase character,
the lower () method does not change it; however, the casefold () function changes it to ss.
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Meet Python’s Tools for Building Strings

To build the text strings you need, you can use Python’s string-formatting tools. In this case,
“formatting” means getting the text in the string into the appropriate order and presenting its
characters in the way you want — for example, as a number with a certain number of decimal places.

Python provides four different ways to format strings: string interpolation, the . format method,
f-strings, and template strings. Each has its own strengths and weaknesses, and you may well find
some more useful than others. You should be familiar with all four ways for when you encounter
them in others’ code.

Learn Python’s Four Ways of Formatting Strings

Python offers four means of formatting strings. Each uses a different method of indicating where you want
to substitute your variables.

Formatting Method Example

Interpolation operator sayHi = "Hello, $s!" %$"Vanessa"

. format method strl = "{} uses {}.".format ("New York", "EST")
f-strings str4a = f"1 {unit1}"

Template strings from string import Template

tl = Template("Destination: Splace.")

The following subsections discuss these four methods in more detail. The following four main sections
provide examples of working with each method.

Format Strings with the Interpolation Operator

Interpolation means putting one thing into another thing — in this case, inserting one string or other value
into another string.

Python uses the interpolation operator, %, to indicate a placeholder at which you want to place an
interpolated value. You can insert values of different types by using the codes in the following list.

Value Type Interpolation Code
String s

Single character
Integer

Float
Exponential
Hexadecimal
Octal

o\°

o\°
Q

o\°

o\°

Hh -
o
=
o\°
o

o\°
(0]

o\°
%

o\©
o
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To insert a single value, you mark the spot in the string with the appropriate interpolation code. The
following example specifies interpolating a string where %s appears:

sayHi = "Hello, %s!"

After the string, you enter the interpolation operator, %, followed by the value. The following example
specifies a name as the string value:

sayHi = "Hello, %s!" %"Vanessa"
This statement produces the string "Hello, Vanessa!".

If you have two or more items to interpolate, you put the values in a tuple after the interpolation operator.
The following example interpolates a string and two integers:

myMsg = "%s, you have %i fingers and %d thumbs." %("Sam", 8, 2)

This statement produces the string "Sam, you have 8 fingers and 2 thumbs." Both %i and %d
specify interpolating an integer, so use whichever you prefer.

String interpolation using the interpolation operator is straightforward for a small number of interpolations
but becomes awkward for larger numbers of interpolations.

Using the Interpolation Operator, %

Interpolation Codes Values
|Interpo|ate string Interpolate integer  Interpolate integer | |String Integer Integer|
myMsg = "%s, you have %1 fingers and %d thumbs." %("Sam", 8, 2)
myMsg = "%s, you have %1 fingers and %d thumbs." %("Sam", 8, 2)

A ‘
myMsg = "Sam, you have 8 fingers and 2 thumbs."

continued P>
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Meet Python’s Tools for Building Strings (continued)

ython’s f-strings provide a streamlined method of inserting strings from variables, from a

dictionary, or from a class object. Introduced in Python 3.6, f-strings make your code easier to
read and run faster than code using the interpolation operator or the . format method, so they are
generally your best option for interpolating strings.

strl = "{} uses {}."

After the string, you enter
the . format method,
followed by a tuple
containing the items you
want to insert. Here is an
example:

strl = "{} uses
{}.". format
("New York", "EST")

This statement creates the
variable str1 and assigns
to it the string "New York
uses EST.".

In this example, Python
inserts the items

in the order in which they
appear in the . format
tuple. This is easy enough,
but you can also use
zero-based index numbers or
keywords to insert the items
in a different order. The
following example uses
index numbers:

str2 = "{2}

is aMT {0}{1}
hours.".format ("+",
5, "EST")

Format Strings with the . format Method

The second method of formatting strings uses the . format method of the string object. The . format
method uses a pair of braces, {}, as a placeholder for each item you want to insert in the string. The
following example uses two placeholders:

Using the . format Method by Position

Interpolation Codes -format Values
| Interpolate item  Interpolate item |method | String String |

ool

strl = "{} uses {}.".format ("New York", "EST")
v

strl = "{} uses {}.".format ("New York", "EST")

strl = "New York uses EST."

Using the . format Method with Index Numbers

Interpolation Codes .format Values
| Interpolate item 2 Interpolate item O Interpolate item 1 | method | temO Item1 Item2 |

l

str2 = "{2} is @MT {0}{1} hours.".format ("+", 5, "EST")
|
str2 = "{2} is @MT {0}{1} hours.".format ("+", 5, "EST")
A | ‘
str2 = "EST is GMT +5 hours."
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Format Strings with the . format Method (continued)

This statement creates the variable str2 and assigns to it the string "EST is GMT +5 hours.". Python
inserts the third item, "EsT", at the {2} placeholder; the first item, " + ", at the {0} placeholder; and the
second item, 5, at the {1} placeholder.

Similarly, you can use keywords to insert terms in your preferred order. The following example uses keywords:
sl = "{wl} {ul} is {w2} {u2}.".format(wl=1l, w2=2.2, ul="kg", u2="1b")

This statement creates the variable s1 and assigns to it the string "1 kg is 2.2 1b.". Python inserts
each value at the place specified by its keyword: the value 1 at the w1 keyword, the string "kg" at the u1
keyword, and so on.

Using the . format Method with Keywords
Interpolation Codes Values
Interpolate Interpolate Interpolate Interpolate | .format |
keyword wl keyword ul keyword w2 | keyword u2 metfod Keward 1 Keyv]ord 2 Keyvvlord 3 Keylword 4
sl = "{wl} {ul} is {w2} .".format (wl=1, w2=2.2, ul="kg", )
¢ . v
sl = "{wl} {ul} is {w2} .".format (wl=1, w2=2.2, ul="kg", )
sl = "1 kg is 2.2 "

Format Strings with f-Strings
The third method of formatting strings is to use formatted string literals, known as f-strings for short.
To build an f-string, you use the £ prefix and then create the string, including the placeholders needed for

the items you want to insert. The f prefix can be either lowercase or uppercase, but lowercase is more
common.

continued P>
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Meet Python’s Tools for Building Strings (continued)

As you saw earlier in this section, f-strings are the string-building tool recommended for general
purposes because of their ease of use and their speed of execution. However, if your Python
code gets the user to input strings, use template strings rather than f-strings for the input. Template
strings provide greater security, preventing a user from entering a carefully crafted formatted string
that accesses variables within your code and exports data from them.

Format Strings with f-Strings (continued)

Unlike with the . format method, the placeholders in an f-string cannot be blank. You can populate the
placeholders with variables, with items from a dictionary, or with items from a class.

The following example creates two variables and then includes them in an f-string:

unitl = "qgt"
unit2 "oz"
strda = £"1 {unitl} equals 32 {unit2}."

This statement creates the variable str4 and assigns to it the f-string 1 gt equals 32 oz., inserting
the contents of the unit1 and unit2 variables at their placeholders.

Using an f-String with Variables

Create the Variables

unitl = "gt"
unit2 = "oz"
f Identifier Interpolation Codes

| | Interpolate item Interpolate item |

l l

strda = f"1 {unitl} equals 32 {unit2}."

str4

"l gt equals 32 oz."

In the following example, the first statement creates a dictionary called d1 that contains values named u1,
u2, a1, and a2. The second statement then inserts these values in an f-string.

di = {
llulll . llgalll ,
llu2ll: "OZ",
"alvn: 2,
"a2": 256
}

str5 = £'{di["a1"]} {dl["ul"]} equals {dil["a2"]} {di["u2"]1}."
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This statement contains the variable strs and assigns to it the f-string 2 gal equals 256 oz.,
inserting the contents of the a1, ul, a2, and u2 items from the d1 dictionary at their placeholders.

Using an f-String with a Dictionary
Create the Dictionary
dl = {"ul": "gal", "2 "ogz", "al": 2, "a2": 256}
f Identifier Interpolation Codes
| Interpolate item Interpolate item | Interpolate item Interpolate item |
str5 = £"{d1["a1"]} {d1["ul"]} equals {d1["u2"]1}."
str5 = "1 gal equals oz."

Format Strings with Template Strings

The fourth method of formatting strings is to use template strings. Template strings enable you to define
placeholders and then insert strings in them by using a mapping object.

You would normally use template strings when your code gets the user to enter input. Template strings
provide security features that f-strings, string interpolation, and the . format method do not, preventing
the possibility that the user might enter a formatted string that accesses variables and exports data.

To use a template string, you first import the Template class from the string library. The following
statement shows an example:

from string import Template

You then create an instance of the Template object containing a string that has the format you want the
input to have. You include one or more $ placeholders in the string to indicate where you want to insert
data. For example, the following statement creates a template called t1:

tl = Template("Destination: S$place.")

You then use the substitute method of the Template object to tell Python which variable you want to
substitute for which placeholder.

tl.substitute (place=input ("Enter the destination: "))

This statement makes Python prompt the user for the location, which it then substitutes for the placeholder,
giving a string such as "Destination: Alaska".
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Build Strings with the Interpolation Operator

sing the interpolation operator, %, is Python’s oldest method of building strings. Although

Python now offers more efficient methods of building strings, the interpolation operator still
works fine and is still widely used, so you are likely to encounter it in other people’s code even if you
decide not to use it in your own code.

This section provides examples of working with the interpolation operator in a terminal window.
See the subsection “Format Strings with the Interpolation Operator” in the previous section, “Meet
Python’s Tools for Building Strings,” for general information about using the interpolation operator.

o Open a terminal window and launch Python.

sam@vubuntu: ~

o The Python prompt appears. :;:;:h?':i?(ﬂz;:ﬁﬁ, Nov 26 2821, 20:14:08)

[GCC 9.3.0] on Llinux

Q Type the following statement, which creates &%Eei;g:;p:";‘c’ggrtgh’t‘;f"I"C‘EE?:SE;%M e
a variable named myDay, assigns text and the
string interpolation operator %s to it, and then
provides the string to insert. Press (Z10].

myDay = "Today is %s." %$"Friday"

e Type the following statement to display the
contents of myDay, and then press (Z1C):

myDay

Python displays the string 'Today is

Friday.'
0 Type the following statement, which creates a - sam@vubuntu: -
variable named dte; assigns a string including songuubuntu:~5 python3
. . . Python 3.8.16 (default, Nov 26 2021, 20:14:08)
. .3. Tinux
three .]n.terpOlat.lon COd?S’ and prOV]des a tuple 'll:')cfsg ?hzlg],agcop;r?ght", "cred?ts" or "license" for more information.
containing the data to interpolate. Press (Z172). &:;3:; = Pzl 5 1507 LT
'Today is fri.day.' . . :
dte = "%i %s %d" %(21, "June", 2022) £ e e J”“‘"””’@
‘21 iune 20.

e Type the following statement to display the
contents of dte, and then press (Z1-):

dte

Python displays the string '21 June 2022'.
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@ Type the following statement, which creates
a variable named calci, assigns a string
including three interpolation codes; and
provides a tuple containing two integers
and a float. Press (=1 .

calcl= = "%i/%i = %$f" %(10,4,2.5)

0 Type the following statement to display the
contents of calci, and then press (Z150):

calcl

Python displays the string '10/4
2.500000."

e Type the following statement, which prompts the
user to enter their name, and then press (Z123:

print ("Your initial is "

input ("Enter your name:
(ol + ".m)

+
II)

Python displays the Enter your name: prompt.

Q Type a name, and then press (510).

Python displays a message including the first letter
of the name, such as Your initial is W.
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sam@vubuntu: ~

sam@vubuntu:~$ python3
Python 3.8.10 (default, Nov 26 2021, 20:14:08)
[GcC 9.3.0] on linux

Type "help", "copyright", "credits" or "license" for more information.
>>> myDay = "Today is %s." %"Friday"
>>> myDay

'Today is Friday.'
>>> dte = "%i %s %d" %(21, "June", 2022)

>>> dte

'21 June 2022°'

>>> calcl = "%i/%1 = %f" %(10,4,2.5
}calci
'10/4 = 2.500000'

>>>

sam@vubuntu: ~

sam@vubuntu:~$ python3
Python 3.8.10 (default, Nov 26 2021, 20:14:08)
[GCC 9.3.8] on linux

Type "help", "copyright", "credits" or "license" for more information.
>>> myDay = "Today is %s." %"Friday"
>>> myDay

"Today is Friday.'

>>> dte = "%1 %s %d" %(21, "June", 2022)
>>> dte

"21 June 2022'

>>> calcl = "%i/%i = %f" %(10,4,2.5)
>>> calcl

"10/4 = 2.500000'
>>> print("Your initial is "
Enter your name: Wilson
iyour initial is W.

>>>

+ input("Enter your name: ")[@] + )@

What is the difference
between the %4
operator and the %i
operator?

There is no real difference.
Both codes are for signed
integer decimals.

interpolation operator?
This is up to you — but

make your code easier to

To make my code run faster, should I rewrite my code that uses the

it may not be worth the effort. Although f-strings

provide better performance than the interpolation operator, the improvement is
unlikely to be significant unless your code builds many strings. That said, you
may want to update the code to use f-strings in the long run because they

write, read, and maintain.
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Build Strings with the . format Method

Introduced in Python 2.6, the . format method for building strings is still widely used, so you
are likely to encounter it in other people’s code even if you do not use it yourself. The . format
method uses a pair of braces, {}, as a placeholder for each item to insert in the string; after the
string, the . format keyword is followed by a tuple containing the items to insert.

See the subsection “Format Strings with the .format Method” in the section “Meet Python’s Tools for
Building Strings,” earlier in this chapter, for general information about the . format method.

o Open a terminal window and launch Python.

() The Python prompt appears.

e Type the following statement, which creates the
variable loc1 and assigns to it a string containing
two placeholders. Press (Z15.

locl = "{} is in {}."

e Type the following statement, which creates the
variable 1oc2 and assigns to it the result of using
the . format method to insert two strings in

loc1. Press (F154.

loc2 = locl.format ("Utica", "New York

State")

Note: Inserting items by order is straightforward for
small numbers of items but can become awkward with
many items. To reuse an item, you must enter it again in
the appropriate position in the tuple.

O Type the following statement, and then press (Z777),
to display the contents of 1oc2.

loc2

Python displays the string 'Utica is in
New York State.'.

212

®00 = 'code—Python—s‘hl:'Q

(guy@Mac-Pro-3 Code % python3

Python 3.10.0 (v3.10.0:b494f5935c, Oct 4 2021, 14:59:20)
[Clang 12.0.5 (clang-1205.0.22.11)] on darwin

Type "help", "copyright", "credits" or "license" for more

information.
&»» locl = "{} dis in {}."
[>>> loc2 = locl.format("Utica", "New York State")o

5>

eoe®

|guy@Mac-Pro-3 Code % python3

Python 3.10.0 (v3.10.0:b494f5935c, Oct 4 2021, 14:59:20)
[Clang 12.0.5 (clang-1205.0.22.11)] on darwin

Type "help", "copyright", "credits" or "license" for more
information.

| Code — Python — 67x27

[>>> locl = "{} dis in {}."

>> loc2 = locl.format("Utica", "New York State")
loc2
'Utica is in New York State.'

>5>
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e Type the following statement, which creates the ece DG _
variable m1 and assigns to it a string containing om0 coa 10 Coeraas085c, Oct 4 2021, 14150126)) |
four placeholders that use zero-based index T e e or \1oanaa for more
numbers. Press (S0, 0 ot =03 4 in 0.

|>>> loc2 = locl.format("Utica", "New York State")

= n n [>>> loc2 |
ml {2} {l} equals {O} {3}. "Utica is in New York State.' '0
. . [>>> m1 = "{2} {1} equals {0} {3}."
G Type the following statement, which creates the H>>> m2 - ml.format("1/16", "hammer", 1 ufm»)@

variable m2 and assigns to it the result of using P roomer equals 1/16 foot.'

the . format method to insert four items in »>> 1
m1. Press (Z10.

m2 = ml.format("1/16", "hammer", 1,

llfootll)

0 Type the following statement, and then press (Z103,
to display the contents of m2.

m2
eo0e " Code — Python — 57x27 J
Python displays the resulting string, '1 hammer guyeMac-Pro-3 Code % python3 5
Python 3.10.0 (v3.10.0:b494f5935c, Oct 4 2021, 14:59:20)
equals 1/16 foot.'. [Clang 12.0.5 (clang-1205.0.22.11)] on darwin
Type "help", "copyright", "credits" or "license" for more
. . inf tion.
e Type the following statement, which creates a 555 Toct = "} is i (1"
. . . . 'L = 'L _f " 1 Yl, " k "
variable named wt, assigns a string that includes S R
two placeholders using keywords, and then uses e e
the . format method to provide the keywords. 2> 2 = mi-formmt(iafich, Shamert, 1, "footh)
'l hammer equals 1/16 foot.'
Press m' [>>> wt = "{wl} {ul} equals {w2} {u2}.".format(wl=1, w2:110
2, lstewt®, a2owiEmy
wt = "{wl} {ul} equals {w2} {u2}.". &uwt o
format (wl=1, w2=112, ul="cwt", u2="1b") ;;‘it GO S5 Bobt

0 Type the following statement, and then
press (113, to display the contents of wt.

wt

Python displays the string '1 cwt equals
112 1b.'.

Is it better to use keywords than index numbers with the . format method?

Both index numbers and keywords work fine, so use whichever you prefer. You can also mix and match
index numbers and keywords in the same tuple if you so wish — for example, print ("Hello, {0} and
{n2}!".format ("John", n2="Jane")) displays the string Hello, John and Jane!.
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Build Strings with f-Strings

Python 3.6 introduced formatted string literals, known as f-strings for short. An f-string starts with
the letter f, either uppercase or lowercase, followed by the string’s contents inside either single
quotes or double quotes. Inside the string, you include placeholders to indicate where to insert
items; each placeholder contains the name of the appropriate item. You can provide the items via
variables, from a dictionary, or from a class.

See the subsection “Format Strings with f-Strings” in the section “Meet Python’s Tools for Building
Strings,” earlier in this chapter, for general information about working with f-strings.

Build Strings with f-Strings

0 Open a terminal window and launch Python. &.a.m —

Microsoft wWindows [Version 10.0.22000.466]
((c) Microsoft Cerporation. A1l rights reserved. |

@ The Python prompt appears. C:\Wsers\quyzpytne

3.10.0 (tags/v3 10.0:b494f59, oct 4 2021, 19:00:18) [MSC
1929 64 h1t (AMD64)] on w1n 32
Type "help", "copyright", "credits" or "license" for more informa

e Type the following statement, which creates the &Sgnul 03 + “Albumserase”, “askarstietd, "Clevetand:
Variables Ol, 02, and o3 and aSSignS a c_ity name 5> print(f" WE have offices in {01}, {0z}, and {03}.")
to each. Press (Z1C1.

ol, o2, o3 = "Albugquerque'",
"Bakersfield", "Cleveland"

9 Type the following statement, which uses the
print () function to display a string containing
the three variables inserted by name. Press (Fi00.

print (£"We have offices in {ol}, {02},

and {03}.") B Command Promet - ython - o X

Microsoft Windows [Version 10.0.22000.466]
(c) Microsoft Cerporation. A1l rights reserved. |

Python displays the string we have offices in

lc: \Users\guppythcn

. Python 3.10.0 (tags/v3.10.0: b494f59 oct 4 2021, 19:00:18) [MSC
Albuquerque, Bakersfield, and Cleveland.. v.1929 64 bit (AMDE4)] on win32
[fype "help", "copyright"”, "credits" or "license" for more informa

[tion.
. . o 4. »>> ol, o2, 03 = "Albuguerque”, "Bakersfield", "Cleveland"
© Type the following statement, which creates a dictionary [ sinfin i i B nd L,
named a_dict and assigns values named France, [ Perance™: "Toutouse”
— Germany "Siegen"
"Spain" Va11ado'|1d

Germany, Spaln, and Finland to Tt. Press m. 2. "Finland": "Rovaniemi”
>>> print(f'we have associates in {a_dict["Germany"]} and {a_d'ict<o

a_dict _ { ["Finland"]}.")
"France": "Toulouse",
"Germany": "Siegen",
"Spain": "Valladolid",
"Finland": "Rovaniemi"
}

e Type the following statement, which uses the print ()
function to display an f-string that includes two items from the dictionary, and then press (5123

print (f'We have associates in {a dict["Germany"]} and {a dict["Finland"]}.')
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Python displays the resulting f-string, we have B Command Prsprven - 8 X
Microsoft windows [version 10.0.22000.466]
associates in Siegen and Rovaniemi . (c) Microsoft Corporation. A1l rights reserved. |

c: \users\guy>pyt
Python 3.10.0 (tags/vs 10.0:b494F59, Oct 4 2021, 19:00:18) [MSC

Note: Chapter 12, “Working with Classes,” shows you lv.1529 64 bit (AMDG3)] on win32 . .
. Type help", "copyright", "credits" or "license" for more informa
hOW to Create Classes and Work W1th them- >>> 01 o2, 03 = "Albuguerque”, "Bakersfield" C‘Ieve'land
B> pr'lnt('F 'We have o‘F?ues in {ol}, {02}, and
. . We have offices in Albuquerque, Bakersfield, and C'Ieve'land
G Type the following statement, which creates a A
class named c1 and gives it properties named o ?SQ?ﬁ : ivatladelian.
... "Finland": "Rovaniemi™
quantlty’ type’ returnable’ and status. >ﬁl>: ;}:gmggf We have associates in {a_dict[“Germany"]} and {a_dict
Press m twice to end the class definition. vI\:Ie ;g¥:nasg§c1gtes in siegen and Rovaniemi.
(77 Quantity = s00
class cl: B e el
: o tatus = "new"
quantity = 500 bee ©
type = "nonsequential" -
returnable = "approval"
status = "new"
Note: Be sure to indent the quantity, type, I -
. ommand Prompt. -
returnable, and status lines by two spaces s asers windens [uersion 10:0,22000-458) . .
beyond the class line. lc:\Users\guy>python

Python 3.10.0 gtags/vs 10.0:b494f59, oct 4 2021, 19:00:18) [MSC
. . V. 929 64 b1t AMDG4) ] on w‘lnSZ
o Type the foll_OW]ng Statement, Wh]ch Creates a Type "help", "copyright", "credits" or "license" for more informa

tion.

variable named order1 and assigns to it an f- 22 Printchve have offices. in’ {oiz"e'iiﬁﬂﬂnd “?’5}“""
. . . We have offices in Albuquerque, Bal erste‘id, an eveland.
string that incorporates two properties from the p>> adict & 1,
... “"German
1 . Pr . ... "Spain”
c Class ess m "?"?:}:nd“' "Rovaniemi”
orderl = f! The order iS for >[ﬁ|>:1ggl';gsg§ WE)have associates in {a_dict["Germany"]} and {a_dict
cl.quantit units in cl.t e We have associates in Siegen and Rovaniemi.
iomb?nationz} ! { " } »> dgi::%ltyn;n:goue"ha_l
: : . ;EE:EEak_ﬂ en;wqapprova'l
e Type the fOllOWing Statement, WhiCh uses the ;;;hord‘e:rl = f The order is for {cl.quantity} units in {cl.type}ﬂ
. . ombinations.
i d
prlnt () funCt1on to d1sp|'ay the Contents Of %g::ﬂ:—:(g; E;PSOU units in nonsequential combinations.
order1, and then press (51 -0: >

print (orderl)

Can I create an f-string on multiple lines of code?
Yes, you can create an f-string on multiple lines. You must start each line with an £, as in the following

example:
dy, dt, mth = "Wednesday", 24, "June"
>>> d = (

f'Today is {dy}. '
f'The date is {mth} {dt}.:

This produces the f-string Today is Wednesday. The date is June 24..
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Build Strings with Template Strings

f you need to build strings that include text that the user inputs, you can use template strings
rather than f-strings. A template string is a string that contains one or more placeholders into
which you insert strings by using a mapping object. Template strings are more secure than f-strings,
because the use of placeholders prevents users from entering a formatted string designed to access
variables within your code and export data from them.

See the subsection “Format Strings with Template Strings” in the section “Meet Python’s Tools for
Building Strings,” earlier in this chapter, for general information about template strings.

Build Strings with Template Strings

Launch Python and Import the Template
Class

0 Open a terminal window and launch Python.
() The Python prompt appears.

e Type the following statement, which imports the
Template class from the string library, and

then press (Z150):

from string import Template

Note: The word Template requires the capital T.
Using lowercase template returns an ImportError
error.

The Python prompt appears again, but Python
gives no other response indicating that it has
imported the Template class.

e Type the following statement, which creates
a variable named temp1 and assigns to it an
instance of the Template class containing the
string in the format you want the input to have.

Press (5120.

Template ('Location:

templ Swhere!')

O Type the following statement, which uses the
print () function to display the result of using
the substitute () method to prompt the user to
enter the office location. Press (Z10).

print (templ.substitute (where=input
('Type the office location: "))
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eoe
guy@Mac-Pro-2 Text % python3
Python 3.10.8 (v3.10.0:b494f5935c, Oct 4 2021, 14:59:20) [Clang 1
2.0.5 (clang-1205.0.22.11)] on darwin

Type "help", "copyright", "credits" or "license" for more informat

Text — Python — 66x26

ion.
&»» from string import Templatel@

9

eoce
guy@Mac-Pro-2 Text % python3

Python 3.10.0 (v3.10.0:b494f5935c, Oct 4 2021, 14:59:20) [Clang 1
2.6.5 (clang-1205.0.22.11)] on darwin

Type "help", "copyright", "credits" or "license" for more informat
ion.

>>> from string import Template

>>> templ = Template('Location: $where'

>>> pri'nt(temp.l>sub5titute(where = input('Type the office location
£ N

Text — Python — 66x26
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1 . s0e Taxt ~ Python - 66226

Python displays the prompt: - i
Python 3.10.8 (v2.10.9:b494f5935c, Oct 4 2021, 14:58:20) [Clang 1

: : 2.0.5 (cl ~-1205.0.22.11) d i
Type the office location: Tone "helors Soopyriguin. Bradites or "icense® for more fafarast
ion.
. »>» from string import Template
© Type the location, and then press [Z170. e M
DY)
. . . . he office location:
Python displays the resulting string, such as Location: P
533 templ = Template('Status: ${dn}denceinational’
Sacramento. »>» 85 = temp2.substitute{dn = input('Type "non"/"extra"/"intra" t
o specify the denomination type: ')}
33

G Type the following statement, which creates a variable
named temp2 and assigns to it an instance of the
Template class containing the string in the format you
want the input to have. Press (Z10].

temp2 = Template ('Status: ${dn}denominational!')

ace 0 Yot — -k — G0a28

. . . . . BuyBMac-Pro-2 Text % pythond ")
Note: See the tip for details about including {} in a template = |oree 2o oo simionrsonse, oce o 2021, asiseiae (clong 2
Type "help", "copyright", "credits™ or "license" for more informat

string. fone

»>> from string import Template

. . . »>> templ = Template('Location: $where')
0 Type the following statement, which creates a variable 2% #7Ine(tespl. subetitutetuhirs = Input("Type the offSce Tosatise
named s5 and assigns to it the template string resulting Teeetions Sacrantnte

533 templ = Template('Status: ${dn}dencminational')

from using the substitute () method to prompt the user 3>> 55 = temp2.substitute(dn * input('Type "noa" extra’/*intra® t

. . o specify the denomination type: '))
to enter the denom]nat]on type. Press m‘ Type "non®/"extralgintra® to specify the denosinatien type: oxlr.@
22> pr!nl(lD)A
s5 = temp2.substitute(dn = input ('Type oy Sersdmoninttionst
"non"/"extra"/"intra" to specify the
denomination type: '))

Python displays the prompt:
Type "non"/"extra"/"intra" to specify the denomination type:

e Type non, extra, or intra, and then press (Z15].

e Type the following statement, which uses the print () function to display s5, and then press (Z15):
print (s5)

Python displays the string, such as Status: extradenominational.

Why do template strings sometimes use {} as well as $?

Template strings use the dollar sign, $, to indicate a placeholder in the string. For example, Template ('$item
is wet') .substitute (item="Water") uses $ as a placeholder marking where to insert item in the string,
returning water is wet. But when the placeholder is not demarcated by a space or punctuation character,

a template string needs {} to demarcate it. For example, Template ('$xshine is hot') .substitute
(x="Sun") returns a KeyError error on xshine, because Python cannot pick out x from xshine. In such
cases, you use {} to demarcate the placeholder — for example, Template ('${x}shine is hot').
substitute (x="sun") returns Sunshine is hot.
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CHAPTER 10

Handling Errors

In this chapter, you learn how to handle errors in Python. First, we quickly
review the different types of errors that occur in computer code and the
ways you can catch the different types. We then focus on using try...
except blocks to handle errors in your Python code. You learn to cause
errors, trap exceptions, and create custom exceptions.

errorsb

@ errors5
Users » guy > Dropbox » TYV_Python » Code > Errors > @ errors5 > ...
adrFile = "addresses.csv"
adrs=[]
try:
f = open{adrFile,'r")
try:
for line in f.readlines():
currAdr=[]
for field in line.strip('\n').split(',"'):
currAdr.append(field)
adrs.append(currAdr)
except:
print("An error occurred in the inner try... except block.")
except FileNotFoundError:
print(f"The file '{adrFile}' was not found.")
except:
print("An error occurred in the outer try... except block.")
else:
f.close()
19 print(adrs)
1

an
PROBLEMS OUTPUT TERMINAL DEBUG CONSOLE + I 4

guy@ac-Pro-3 ~ % /fusr/local/bin/python3 /Users/quy/Dropbox/TYV_Python/Code/Errars/e 3] zsh guy
rrorss

The file 'addresses.csv' was not found. [3] Python quy
guy@ac-Pro-3 ~ % /usr/local/bin/python3 /Users/guy/Dropbox/TYV_Python/Code/Errors/e

rrorss

[['Random Associates', ' 44 Main', ' Bakersfield', ' CA'l, ['Returnable Envelope Cor

p.', ' 1699 Lincoln', ' Phoenix', ' AZ']]

guy@ac-Pro-3 ~ % []

Ln20,Col5 Spaces:4 UTF-8 LF Python 3.10.0 64-bit &
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Understanding the Various Types of Errors

n this section, you learn about the different types of errors that can occur in code, what causes
them, and what you can do to eliminate them.

We start with compile-time errors, errors that occur when Python is unable to create workable
instructions from the commands in a script. Many compile-time errors are syntax errors, mistakes
in the structure of the code. We then move on to runtime errors, errors that occur after Python has
compiled a script successfully and has moved on to executing it. Runtime errors include semantic
errors and logical errors.

Compile-Time Errors

Python is generally considered an interpreted language, which is often understood to mean that it is not a
compiled language. But the difference between interpreted computing languages and compiled computing
languages is not clear cut, and Python does perform compilation.

Before running a script, Python compiles it to a form called byte code, interpreting the commands the script
contains and creating from them instructions that the computer can execute. The instructions need to be
specific to the computer’s operating system, such as Windows or mac0S, and to the processor type, such as
Intel or Apple Silicon.

A compile-time error occurs when the script’s commands are incomplete, incorrect, or otherwise will not
work. A compile-time error occurs before the script runs, so Python does not run the script. You need to fix
the problem in order to make the script run.

Runtime Errors

After compiling the code in the script, Python tells the computer to run the script. At this point, you may
get a runtime error — an error that occurs while the code is running, as opposed to while the code is being
compiled.

A runtime error may manifest itself as an exception that stops the script from running and causes Python to
display an error message. Alternatively, the script may freeze or crash, it may return an unexpected result,
or it may damage data.

Syntax Errors

A syntax error, also called a syntactical error, is an error where the problem lies in the structure of the code
statements. Syntax errors have various causes, including the following:

Straightforward typos, such as the wrong character, missing punctuation, or an extra space

Missing required elements of a statement

Extra, and incorrect, elements of a statement

Confusion about variables, such as unintentionally creating the new variable firstname when you mean
to reassign the existing variable firstName
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Python itself or your code editor may be able to identify a syntax [>>> a = ["Ann", "Bill",, "Chris"]
error for you. For example, the illustration shows Python flagging e o e b venateny
the cause of a syntax error in the following statement, which &»SyntaxError: - Sy:tax
contains an extra comma after the "Bi11" item in the list. The >>> I

caret (A) points to the problem, and the syntaxError statement
(B) briefly explains what is wrong.

a = [“Ann", "Bill",, "Chris"]

Semantic Errors

A semantic error is an error in which your code is syntactically correct but does not execute the way you
intend it to. The word semantic means “related to meaning in language or logic” — in other words, the
meaning of the code is wrong.

For example, if a script gets stuck in an infinite loop because the break statement you included never gets
triggered, you have likely committed a semantic error. Similarly, if a while loop never runs because its
condition cannot be met, that might be a semantic error.

Your code editor or IDE will typically not catch semantic errors. Instead, you will normally discover them
while testing and debugging your scripts.

How you discover semantic errors will vary depending on the error’s effects. Continuing the previous
example, you will notice an infinite loop quickly, because the script will not finish and you will need to
break out of the loop. By contrast, a while loop that never runs may be less obvious.

Logical Errors

A logical error occurs when you, the developer, have told the script to take the wrong action. Even though
the script is syntactically correct and semantically correct, what the script does is incorrect. For example, a
logical error might occur if you make a mistake with operator precedence when performing calculations or if
you use integer division where you should use floating-point division.
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Identify Common Python Errors

ython includes a wide variety of built-in exceptions for handling types of errors that occur

frequently. For example, a SyntaxError error occurs when Python’s parser encounters syntax it
cannot convert into valid code, such as when you omit a comma or include an extra parenthesis. A
TypeError error occurs when the code specifies the wrong type of object for an operation, such as
trying to add an integer and a string. A valueError error occurs when the code specifies the correct
type of object but an incorrect value, such as trying to return the square root of a negative number.

Table 10-1 explains common error types in Python.

Table 10-1: Common Errors in Python

Exception Occurs When

AssertionError An assert statement fails. An assert statement is a tool used for debugging
code.

AttributeError An attribute assignment or attribute reference is incorrect.

EOFError The input () function reaches the end-of-file condition.

FloatingPointError

An error occurs in a floating-point calculation.

GeneratorExit Code calls the close () method of a generator.

ImportError Importing the specified module fails.

IndexError The index number of a sequence is out of range.

KeyError The specified key is not in the dictionary.
KeyboardInterrupt The user gave a keyboard interrupt by pressing (£10+ (&) or (0.
MemoryError An operation runs out of memory.

ModuleNotFoundError

Python cannot find the specified module.

NameError

The specified variable is not found.

NotImplementedError

An abstract method requires a derived class to override the method; or a
developer uses this error as a placeholder to show a real implementation is still
needed.

OSError An operating system-related error occurs.

overflowError An arithmetic operation returns an error too large to represent.

ReferenceError A weak reference proxy accesses an attribute of an item that has been garbage
collected.

RuntimeError A runtime error occurs that does not fall into any other category.
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Exception Occurs When

StopIteration The next () function finds no further items in the iterator to return.

SyntaxError The parser encounters a syntax error.

IndentationError The indentation level of a statement is incorrect — for example, some
indentation is missing.

TabError The indentation consists of a mixture of tabs and spaces instead of only tabs or
only spaces.

SystemError An internal error occurs in the Python interpreter.

SystemExit The sys.exit () method runs.

TypeError An object is of the wrong type for the specified operation.

UnboundLocalError

A function or method refers to a local variable that has no value.

UnicodeError

Encoding or decoding Unicode characters causes an error.

UnicodeEncodeError

Encoding Unicode characters causes an error.

UnicodeDecodeError

Decoding Unicode characters causes an error.

UnicodeTranslateError

A Unicode-related error occurs during translation.

ValueError

An argument passed to a function or method has the correct type but an
incorrect value.

ZeroDivisionError

Division or modulo by zero is attempted.
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Meet the try... except Block

Python uses a type of object called an exception to handle errors. Python includes many built-in
exceptions, which are all derived from the same base class of exception. For example, using the
wrong name may cause a NameException exception, whereas supplying the wrong kind of value
may cause a ValueException exception.

When an error occurs, Python raises or throws an exception. You can catch or trap an exception so
that you can determine what has gone wrong and do something about it.

Python’s tool for handling exceptions is the try... except block, which looks like the
following pseudocode. Italics indicate placeholders, and the sections in brackets are optional.
try:
statementsl
[except error:
statementsZ2]
except:
statements3
[else:
statements4]
[finally:
statements5]

Here is how the try. .. except block works:

e try:. This keyword starts the try block.

® statementsli. This block contains one or more statements that may cause an exception. The try
block is said to wrap these statements.

e except error:.The except keyword starts an except block for the specified error. For example,
except NameError: starts an except block that controls what happens when a NameError error
occurs.

® statements2. This block contains one or more statements to run when the specified error
occurs.

® except:. The except keyword without a specific error starts an except block for any error.

® statements3. This block contains one or more statements to run when any error occurs.

® clse:. The else keyword starts a block specifying what to do if no error has occurred.

® statements4. This block contains one or more statements to run if no error has occurred.

e finally:. This keyword starts a block specifying what to do after the rest of the try. ..
except block has completed, whether an error has occurred or not.

® statementss5. This block contains one or more statements to run after execution reaches the £inal-
1y keyword.

The following subsections contain brief examples of try... except blocks.
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Trap Any Exception

If you just want to trap any exception that Python
raises, you can use a plain except statement, as in
the following example:

try:
X =
except:
print ("An error occurred.")

5/0

Trap One or More Particular Exceptions

A generic error message offers little help, so you will
often do better to trap one or more specific exceptions
that are likely to occur, as in the following example:

try:

x = 5/0
except (NameError) :

print ("A name is missing.")
except (ZeroDivisionError) :

print ("A divide-by-zero error
occurred.")
except:

print ("An error occurred.")

This example contains three except blocks:

® except (NameError) :. This block catches
NameError, the type of error that occurs when
your code specifies an item that does not exist.

® except (ZeroDivisionError) :. This block
catches ZerobivisionError, the error that oc-
curs when your code tries to divide by zero. As the
code stands, the x = 5/0 statement triggers a
ZeroDivisionError error.

® except:. This block catches any other errors.

The unqualified except block must be the last
except statement in the try... except block.
You cannot use except with a specific error after an
unqualified except block. Doing so causes the error
default 'except:'

SyntaxError: must be

last.

Add an else Block

Python supports adding an else block to a try. ..
except block. Here is an example:
try:

X =
except:

5/0

print ("An error occurred.")
else:
print ("No error occurred.")

An else block can be useful, but many try. ..
except blocks do not need one.

Add a £inally Block

You can include a finally block in your try. ..
except blocks to specify an action that Python
should always perform, whether or not an exception
has occurred. Here is an example:

try:
X =
except:
print ("An error occurred.")
finally:
print ("The try block has finished.")

5/0
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Cause Errors and Trap Exceptions

n this section, you cause errors in your code deliberately and observe the exceptions that Python

throws as a result. You then handle the exceptions by using try... except blocks. The first
try... except block you create is generic, returning the same error message for every exception it
catches. After that, you create a more sophisticated try... except block that displays specific error
messages for the exceptions you raised earlier, plus a generic error message for any other exception.

Cause Errors and Trap Exceptions

Cause Errors and Create a Generic Exception ece “w—wm—ss-"{ 1
Last login: Mon Apr 4 18:22:49 on console 8
Trap guy@Mac-Pro-3 ~ % python3
. . Python 3.10.0 (v3.10.0:b494f5935c, Oct 4 2021, 14:59:20
o Open a terminal window and launch Python. ) [Clang 12.0.5 (clang-1205.0.22.11)] on darwin
Type "help", "copyright", "credits" or "license" for mor

() The Python prompt appears. &;3":"2”;%%

Traceback (most recent call last):

e Type the following statement, which creates the S Le nestdin®, Line 1, 1‘nb<madu1e>0
. . . .o . eroDivisionError: avision y Zero
variable x and assigns to it the result of 5 divided >>> x =y
by 0. Press (Z15).
x = 5/0
An error occurs.
() Python displays the exception for the error:
ZeroDivisionError: division by zero
Type the following statement, which assigns to x
the value of variable y, and then press (1.
X =Y eoce " guy — Python — 56x27 J
Last login: Mon Apr 4 18:22:49 on console e
: (guy@Mac-Pro-3 ~ % python3
An error Occursl because y does nOt yet eX]St' Python 3.10.0 (v3.10.0:b494f5935¢c, Oct 4 2021, 14:59:20
) [Clang 12.0.5 (clang-1205.0.22.11)] on darwin
i 1 M Type "help", "copyright", "credits" or "license" for mor
ython displays the exception for the error:
e information.
. . . (>>> x = 5/0 ]
NameError: name 'yl is not defined Traceback (most recent call last):
File "<stdin>", line 1, in <module>
O Type the following try... except block, which ZeroDivisionError: division by zero
. o pe . >>> x =y
uses a single unspecified exception. Press (Z17] Traceback (most recent call last):
3 . File "<stdin>", line 1, 1in <module>
at the end of each line, and press (1] again at NemgErrors. mome Fy' 1= not deﬁneda
(>>> try
the end. i ‘- s/
(... except:
try: lloac "An error occurred."@
x = 5/0 -
'"An error occurred.@
except: > I

"An error occurred."

() Python returns 'An error occurred.' because
the try block catches the error.
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Trap Specific Errors eoe ErrET———

Type "help", "copyright", "credits" or "license" for mor 8|

. . . information.
@ 1n the same terminal window, type the following try. . . e ‘
. . ope Traceback (most recent call last):
except block, which includes specific messages for the File n<stdind®, line 1, in <module>
. . . . . ZeroDivisionError: division by zero
ZeroDivisionError exception and the NameError exception 555 x = y
. . . Traceback (most recent call last):
you raised earlier. Press (5117 at the end of each line. File cstdino®, Line 1, in <module>
NameError: name 'y' is not defined
(>>> try: I
try: [ x = 5/0 \
... except: |
X = 5/0 looo E:}t\r\ error occurred." |
except (ZeroDivisionError) : o o ‘
N error occurred.

"A divide-by-zero error occurred." e e
except (NameError) : -

"A name is missing."
except:

"An error occurred."

;t.\.d'ivide-by-zero error o:curred.'@
@ Press (Z770 to end the block. ded |

X = 5/0

I

o |
+.. except(ZeroDivisionError): ]
0ao "A divide-by-zero error occurred.'@ |
. except(NameError): |

I

I

I

I

I
I
[
1
[... "A name is missing."
... except:

i "An error occurred."
|

LN ] 7 guy — Python — 56x27 N

(@ Python returns the message 'A divide-by-zero error P h
occurred. ', because except (Zero except: :
|

loo0
[+ "An error occurred."
looo

DivisionError) catches the error.

'An error occurred.'
[>>> try:
. x = 5/0
. except(ZeroDivisionError):
"A divide-by-zero error occurred."

9 Type the same try. .. except block, but this time include
x = y to produce the NameError exception. Press (Z1] at
the end of each line.

. except:

|
I
I
I
. except(NameError): ]
|
I
"An error occurred." |

I

1
|
|
[
laoo "A name is missing."
1
1
1

try: :t.\.divide-by-zero error occurred.'
_ (>>> try: I
X = y looo X =y |
except (ZeroDiViSionError) . ... except(ZeroDivisionError): |
. K [ee "A divide-by-zero error occurred."@ |
"A divide-by-zero error occurred." (... except(NameError): I
[ "A name is missing." I
except (NameError) : ... except: \
n . . . " (.. "An error occurred." I
A name 1s missing. lnao |
except . ;:)nime is m1ss'\ng.'4
"An error occurred."

@ Press (Z177) to end the block.

(» Python returns the message 'A name is missing.’,
because the except (NameError) catches the error.

How many except statements can I include in a Can I use a try block without an
try... except block? except block?

You can have pretty much as many except statements as No. Each try block must be part of a

you need, as long as only the last of them is the except try... except block that includes at least
statement with no arguments. Each of the earlier except one except block. However, you can enter
statements must have an argument, such as pass as the sole statement in the except
except (NameError) Of Except (ZeroDivisionError). block to have the block exist but do nothing.
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Raise an Exception Manually

In the previous section, “Cause Errors and Trap Exceptions,” you caused the zeroDivisionError
and NameError errors deliberately by entering statements guaranteed not to work. This approach
is straightforward for some errors, but you might need to get creative to produce other errors. So
Python offers an alternative: You can raise specific exceptions manually to test your code.

To raise an exception, you use the raise command and specify the type of exception — for
example, raise Exception or raise RuntimeError. You can also specify the text to display to

the user when the exception or error is raised.

Raise an Exception Manually

Raise an Exception Outside of a try... except
Block

o Open a terminal window and launch Python.
() The Python prompt appears.

e Type the following statement, which uses the raise
keyword to raise a valueError error with a custom
message. Press (Z10).

raise ValueError ("This value is not valid.")
() Python returns the following:

Traceback (most recent call last):
File "<stdin>", line 1, in <module>
ValueError: This value is not valid.

Raise an Exception Inside of a try... except Block

o Still in the same terminal window and Python session, type
the following try block, which contains a statement that
raises a TypeError. Press (Z101] at the end of each line.

try:
raise TypeError

e Type the following except block, which catches the
TypeError exception. Press (1] at the end of each line,
and then press (5171 again to end the block.

except TypeError:
print ("A TypeError exception has
occurred.")

(® Python displays the resulting message:

A TypeError exception has occurred.
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e information.
&»» raise ValueError("This value is not vah‘d.")@
Traceback (most recent call last):

oo e guy — Python —sauzvﬂ
[guy@Mac-Pro-3 ~ % python3 I8

Python 3.10.0 (v3.10.0:b494f5935c, Oct 4 2021, 14:59:20
) [Clang 12.0.5 (clang-1205.8.22.11)] on darwin
Type "help", "copyright”, "credits" or "license" for mor

File "<stdin>", line 1, in <module>
ValueError: This value is not valid.

> I

eoe " guy — Python — 56x27
(guy@Mac-Pro-3 ~ % python3 1S
Python 3.10.0 (v3.10.0:b494f5935c, Oct 4 2021, 14:59:20
) [Clang 12.0.5 (clang-1205.0.22.11)] on darwin
Type "help", "copyright", "credits" or "license" for mor
e information.
(>>> raise ValueError("This value is not valid.") ]
Traceback (most recent call last):

File "<stdin>", line 1, in <module>
ValueError: This value is not valid.

(>>> try: |
58 raise TypeErrnr{ ]
(... except TypeError:

it print("A TypeError exception has occurred.")%
BEE

A TypeError exception has m:curred.o
P |




CHAPTER

Add an else Block or a £inally Block 10

ou can add an else block to a try... except block to execute statements when no exception

has occurred. You can also add a finally block containing statements that you want to execute
when the try... except block has finished running, whether or not any exception arises. This
section shows a £inally block that displays information, but the block can be useful for performing
cleanup operations, such as closing files.

Add an else Block or a £inally Block

0 Open a terminal window and launch eoe —suv—vvﬂw-—ems{
P thon [guy@Mac-Pro-3 ~ % python3 5]
y . Python 3.10.0 (v3.10.0:b494f5935¢c, Oct 4 2021, 14:59:20) [Cla
. . ng 12.0.5 (clang-1205.0.22.11)] on darwin
e Type the fO”.OW]ng try bl.OCk, which Type "help", "copyright", "credits" or "license" for more info
creates the variable n and assigns & [patien:
(>>> try: I
51 to it; creates the variable d and (- n =51 1
. ;. . . loag d = dint(input("Enter the integer divisor: ")) |
assigns the user’s input divisor, cast ... msg = str(n) + " divided by " + str(d) + " equals " +<.Q
to an integer; and creates the variable S ]
msg and ass‘igns a message to it. loos msg = "You cannot divide by zer'o."{ |
try:
n = 51
d = int (input ("Enter the

integer divisor: "))

msg = str(n) + " divided
by " + str(d) + " equals " +

str(n/d)
s [ XoN ] " guy — Python — 62x25
9 Type the followmg except block to T T i
handle a potential ZerobivisionError Python 3.10.0 (v3.10.0:b494f5935c, Oct 4 2021, 14:59:20) [Cla
. . ng 12.0.5 (clang-1205.0.22.11)] on darwin
exceptlon' Type "help", "copyright", "credits" or "license" for more info
L. rmation.
except ZeroDivisionError: (>>> try: |
(... n = 51 |
msg = "You cannot divide (... d = int(input("Enter the integer divisor: ")) ]
looa msg = str(n) + " divided by " + str(d) + " equals " + |
by zero." str(n/d)
. , . (... except ZeroDivisionError: |
0 Type the fOll.OW]ng finally blOCk, which (... msg = "You cannot divide by zero." |
] . (... finally: |
displays the contents of msg: o B ]
. oo |
flnally: (Enter the integer divisor: 4@ |
51 divided by 4 equals 12.75

print (msg) >>> I

e Press (1] again to end the block.
@ Type an integer at the prompt.

() The result appears.
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Create Nested try... except Blocks

ython enables you to nest try... except blocks inside other try... except blocks. Nesting
blocks enables you to perform more complex error handling.

If an exception is raised in the outer try... except block, the outer block handles the exception.
If the inner try. .. except block raises an exception, the inner block handles the exception; if it
fails to do so — for example, because it has no unqualified except statement — the outer block
takes over responsibility for handling the exception.

Create Nested try... except Blocks

o Open Visual Studio Code and create a new Python script.

e Type the following statement, which creates a variable
called adrFile and assigns to it the file addresses.

csv. Press (Z100.

adrFile = "addresses.csv"

e Type the following statement, which creates a variable named
addresses and assigns to it an empty list. Press (Z120.

adrs = []

O Type the following try block, which uses the open ()
function to open addressFile in Read Mode. Press (Z1J.

try: ) . oo =
f = open("adrFile", "r") —— i b
1 adrfile = "acdresses. sy’
. . rs=(]
At the same level of indentation, type the nested try block, ; '“""f..,m..,.m. .
which uses two for loops to iterate through the lines in £, £ | T tienidn r.eentinsat
. . . 7 curridr=[] [
split the addresses at the commas, and assign the resulting ¢ ;:;;;;;;;;;;;—_;;;;--‘=-w'n"-'"@
fields to the adrs list. Press (1] at the end of each line. 2 | G 0
12 print{®An errer occurred in the inrer try... except block.”| 1
3
try:

for line in f.readlines():
currAdr=[]
for field in line.strip('\n').
split (', "'):
currAdr.append (field)
adrs.append (currAdr)

G Indented to the level of the inner try block, type the inner
except block, which uses the print () function to display
an error message. Press (511 at the end of each line.

except:
print ("An error occurred in the inner
try... except block.")
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0 Press twice to remove the indent, and

then type the following except block, which runs

CHAPTER

Handling Errors 10

eoe ertorss oQm o,
% erorss % By @ -

Users >guy > Dropbox > TYN_Python > Code > Errors > @ errors5 > .
1 adrFile = "addresses.csv"

if the FileNotFoundError occurs. Press (1] at 2o
the end of each line. | pglTetarse
6 for line in f.readlines():
. . 7 curridr=(]
except FileNotFoundError: 8 for field in line.strip('\n').split(®, ):
print (£"The file '{adrFile}' was ;- | arendr-apgerdi tiela) |
not found.") U except:
12 print("An error occurred in the inner try... except block.")
. . 13 except FileNotFoundError:
e Press (EE25-5-) to remove the indent again, and 1| print(r*The file “adrrile) vas ot fnund-'wﬂ
. . except: o
then type the follow"ng unquahﬁed eXCept block, i? | Iprmt(”nn error occurred in the outer try... except hlock.“lﬁ

pressing (5] at the end of each line.

except:
print ("An error occurred in the

outer try... except block.")

Ln17,Col5 Spaces:4 UTF-8 LF Python 3710064-bit & 0

e Press [F7C .0 to remove the indent once more, - @'ﬂb%
and then type the following else block, which e s> s Tt G S8 s
closes £ and displays the addresses. Press (1] at 2 wiruel]
the end of each line. | fn opentadrFile,r)
6 faor line in f.readlines():

. 7 currAdr=[]
elSe ° 8 for field in line.strip('\n').split(','):

f.close ( ) 9 currAdriappe::(;‘le'Ld)

. 10 adrs.append(curradr =
prlnt (adrs) 11 except:
12 print{"An error occurred in the inner try... except block.")
. . . . 13 except FileNotFoundError:
@ Chck Run Python F]le 'In Term]nal ([>). 14 print(f"The file '{adrFile}' was not found.")
15 except:
. 16 :rmti"An error occurred in the outer try... except block.")
The Terminal pane appears. noese
1 «.close
19 print(adrs)
A FileNotFoundError occurs, because PR
addresses. csv does not exist. A R N
o ~ % Jusr/local, guy/Dropbox/TYY_Python/C

The except FileNotFoundError: block B e ] A T e 0

Spaces:4 UTF-B LF Python 3.10.0 64-bit 7

catches the exception.

(@ The error message appears. ® Click Run Python File in Terminal ([>).

Create a file named addresses.csv containing © The address information appears

address information in the folder Python is using.
Put each address on one line, with commas
separating the fields.

Can I have multiple levels of nested try... except blocks?
Yes, Python enables you to nest try... except blocks multiple layers deep. But your code is likely to
become confusing, especially to others.
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Create Custom Exceptions

s you have seen earlier in this chapter, Python includes a wide range of built-in exceptions. But
Python also lets you create your own custom exceptions, which enables you to track exactly what
is going wrong in your code.

To create custom exceptions, you create a class based on Python’s base class of exceptions. You can then
use a raise statement to raise instances of the exception, assigning a custom error message to make
clear the problem to the user. See Chapter 12, “Working with Classes,” for more information on classes.

Create Custom Exceptions

@ Open Visual Studio Code and create a new Python soe = 1 coa

. % erors 24 X (e ([
2 class InvalidTitle(Exception):
2 pass

o Type the following class header, which creates
a class named InvalidTitle based on the s T
Exception object.

class InvalidTitle (Exception) :

Type the pass keyword as the only statement for
the class, allowing the code to run without
taking any action. Press (5.2 twice, creating a
blank line.

pass

O Press to delete the indent, and then
type the start of a try block. Press (=107. s cos Sprcena Uhs s proon Snoces G

oo e a2 LN
try: & srrors_21 % i

Users > guy > Dropbox > TYV_Python > Code > Errors > & errars_2 >

e Type the following statement, which creates a e
variable named title and assigns to it the .
result of the input () function prompting fite S mmputlType the titte: "’@
the user to enter the title. Press (Z00. [7ioe TratTisietne titte s entirely ““'”””'"’0

title = input ("Type the title: ")

G Type the following if block, which uses the
isnumeric () method to check whether
title is entirely numeric and, if so, raises an
InvalidTitle instance with a custom error
message. Press (5] at the end of each line.

try

CRIC RN

if title.isnumeric():
raise InvalidTitle("The title is
entirely numeric.") [r@iao e e e T T e T
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Handling Errors 10

erors_2 { N=Hu Q]

@ Press to remove one step of indentation, and [ -

then type the following two e1if blocks, which use the
len () function to check the length of title and raise
InvalidTitle instances if it is too short or too long:
elif len(title) < 5:

raise InvalidTitle("The title is too
short.")

elif len(title) > 50:
raise InvalidTitle("The title is too

long.")

e Press once, and then type the following two
elif blocks, which raise InvalidTit1le instances for
all uppercase and all lowercase:
elif title.isupper() :

raise InvalidTitle("The title is all

uppercase.")
elif title.islower () :
raise InvalidTitle("The title is all

lowercase.")

© Press twice to remove the indentation, and
then type the following except statement, which casts
an InvalidTitle exception to IT and prints that
object:
except InvalidTitle as IT:

print (IT)

(@ Press once to remove the indent, and then
type the following if block, which displays title
if no exception has been raised:

else:
print (title)

®) Click Run Python File in Terminal ([>).

The Terminal pane appears.

Users > guy > Dropbox > TYV_Python > Code > Errors > # errors_2 > ...

1 class InvalidTitle(Exception):

2 pass

3

4 try:

5 title = input("Type the title: ")

6 if title.isnumeric():

7 raise InvalidTitle("The title is entirely numeric.")

8 elif len(title) < 5:

9 raise InvalidTitle("The title is too shnrt.“lﬂ

10 elif len(title) > 50: -
11 raise InvalidTitle("The title is too long.")

12 elif title.isupper():

13 raise InvalidTitle("The title is all uppercase.")@
14 elif title.islower():

15 raise InvalidTitle("The title is all lowercase.")

16

Ln16,Col9 Spaces:4 UTF-8 LF Python 310.064-bt & O

ermors_2 oQm ®

@ emors 2 x &pv o -

Users » quy > Dropbox > TYV_Python > Code » Ervors > @ errors_2 >

1  class InvalidTitle(Exception):

2 pass

3

4 try:

5 title = input("Type the title: ")

6 if title.isnumeric():

7 raise InvalidTitle("The title is entirely numeric.")
B elif len{title) < 5:

9 raise InvalidTitle("The title is too short.")

10 elif len(title) > 50: 1
11 raise InvalidTitle("The title is too long."}

12 elif title.isupper():

13 raise InvalidTitle("The title is all uppercase.")
14 elif title.islower():

15 raise InvalidTitle("The @le is all lowercase.")
16 except InvalidTitle as IT:@

17 print(IT)

18 else:

19 print!title)@

PROBLEMS  OUTPUT  TERMINAL  DEBUG CONSOLE v o~ %

~ % fusr/lacal ’ Tev_Python/Code/Errors) [ zsh quy

L]
errars_2

Type the title: 4aA Python guy
The title is too short

quydMac-Pro-3 ~ % |

) A0 Ln19,Col 17 Spaces:4 UTF-8 LF Python 3100 64-bt & [

When prompted, type a title.

() If the title provokes an exception, the

relevant message appears.

How should I test the custom exceptions further?

Click Run Python File in Terminal ([>) again, and then type a title designed to raise one of the errors. For
example, type a title that is all numbers, all uppercase, or all lowercase. Alternatively, type a title that has

fewer than 4 characters or more than 50 characters.
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Activities (5 Terminal =

Y
'
-
©
sl
A
&

Feb14 19:08 e

sam@vubuntu: ~

sam@vubuntu:~$ python3
Python 3.8.10 (default, Nov 26 2021, 20:14:08)
[GCC 9.3.8] on linux

'George']

= ["Antonia", "Brett"]
>>> print(n2)
'Antonia’, 'Brett']
>>> nl.insert(1, "Helen")
>>> print(ni)
['sam', 'Helen', 'George']
>>> nl.extend(n2)
>>> print(n1)
['sam', 'Helen', 'George', 'Antonia', 'Brett’']
>>> n1.append("sia")

‘George', 'Antonia’, 'Brett’,

'sia']
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n Python, a [ist is an object that enables you to store multiple items within a single variable. The

items can be of the same type or of different types. The list contains an index that enables you to
set or retrieve the individual items. Technically, a list is a mutable sequence, so you can change the
order of its items, add and remove items, sort the items, and so on.

A List Is Ordered and Indexed

In Python, a list is an ordered and indexed collection:

e Ordered. The items in a list appear in the order you set. You can change the order by adding items,
removing items, or reversing the order.

¢ Indexed. The list items are indexed using zero-based numbering, so the first list item is item o, the sec-
ond item is item 1, and so on. You use the index numbers to access the list items.

List Items Are Mutable

The items in a list are mutable, so you can change a list after creating it. For example, you can add items to
a list, remove items from it, or reverse its order.

Lists Can Contain Duplicate Values
A list can contain duplicate values, as there is no constraint requiring each value to be unique.

You can use the count () method to count the number of items in a list that have a particular value.

Understanding How Lists Compare to Tuples and Sets
Table 11-1 summarizes the three key attributes of lists, tuples, and sets in Python.

Table 11-1: Attributes of Lists, Tuples, and Sets

Collection Mutable Ordered Duplicates Allowed
List Yes Yes Yes
Set Yes No No
Tuple No Yes Yes
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Understanding How Lists Compare to Sets

In Python, both a list and a set can contain various types of data, which gives you great flexibility at the
risk of occasionally running into the wrong data type for your needs. Beyond that, however, lists differ
significantly from sets.

First, a list is ordered, while a set is unordered. Second, a list can contain duplicates, whereas a set cannot
contain duplicates. Third, and more technically, Python sets use hashing to store their values, which makes
lookups in sets fast and efficient but means the order of a set’s items may vary.

Understanding How Lists Compare to Tuples

The key difference between a list and a tuple is that a list is mutable whereas a tuple is immutable. Both
lists and tuples are ordered and can contain duplicate items. Both lists and tuples are sequential, which
enables you to iterate through the items they contain.

Tuples” immutability means that they are more memory efficient than lists and require less processing time.
When your code contains data that will not need to be changed, you may be able to improve performance by
using tuples rather than lists.

Understanding How Python Lists Compare to Arrays in Other Programming Languages

Python lists are similar to arrays in other programming languages, but lists offer greater flexibility. There are
two main differences between lists and arrays.

First, when you create an array, you specify its data type, such as float; the array can contain only items
that have that data type. By contrast, a list in Python can contain items of different data types, as needed.

Second, when you create an array, you specify the number of items it contains. Python allocates memory to
store each potential item, but you do not need to populate each item immediately, or indeed ever. By
contrast, a list’s size is dynamic, increasing as items are added, but each item must contain data, even if
the data type is None.
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o create a list, you declare a variable; enter the assignment operator, =; and then enter the list
items, separated by commas, within square brackets. For example, the statement 1ist1 = [1,
2, 3] declares a variable named 1ist1 and assigns to it three integers — 1, 2, and 3.

In this section, you create three lists in a terminal window. The first list contains integers, the
second list contains strings, and the third list contains four different data types.

0 Open a terminal window and launch Python.
The Python prompt appears.

e Type the following statement, which creates a
variable named 1ist1 and assigns five integers
to it, and then press (Z120:

listl = [1, 2, 3, 4, 5]

e Type the following statement, which uses the
print () function to display the contents of
list1, and then press (Z100:

print (listl)

Python displays [1, 2, 3, 4, 5]1.The
brackets indicate that the variable’s contents are
a list.

@ Type the following statement, which creates a
variable named 1ist2 and assigns two strings
to it, and then press (Z120:

list2 = ["Evie", "Frank"]

© Type the following statement, which creates a
variable named 1ist3 and assigns several kinds
of data to it. Press (Z1).

list3 = [11.5, "cats", True, 0]

@ Type the following statement to display the
contents of 1ist2. Press (F1L0.

print (list2)

Python displays ['Evie', 'Frank'l].
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& B Command Prompt - pythen - o0 x
Microsoft windows [version 10.0.22000.466]

(c) Microsoft corporation. A1l rights reserved. |

IC:\Users\guy>python

Python 3.10.0 (tags/v3.10.0:b494f59, Oct 4 2021, 19:00:18)
[Msc V. 1929 64 bit (AMD64)] on w1n32

Type "help", "copyright", "credits" or "license" for more 1
nformation.

>> 1istl = [1, 2, 3, 4, 5]

>> prmt('lwstl)
[1, 2, 3, 4, 5]
>>

B Command Prompt - o %

Microsoft windows [version 10.0.22000.466]
(c) Microsoft Corporation. A1l rights reserved. |

c-\users\guymython

Python 3.10.0 (tags/v3.10.0:b494f59, Ooct 4 2021, 19:00:18)
[Msc V. 1929 64 bit (AMD64)] on win32
Type "help", "copyright™, "credits"” or "Ticense" for more i

nformation.
p>> listl = [1, 2, 3, 4, 5]
o> pr1nt('\1st]1)

P>> 1ist2 = ["Evie" rank"]A
>> 1ist3 = [11.5, cats", True, 0]
@prmt(ﬁstz)
Evie', 'Frank']

>> pr1nt('\1st3)

[11.5, 'cats', True, 0]

>>

@ Type the following statement to display the
contents of 1ist3. Press (F10.

print (list3)

Python displays [11.5, 'cats',
True, O0].



ython provides 11 methods for working with lists. Three of these methods — append (),

extend (), and insert () — enable you to add items to the list. Conversely, three other
methods — clear (), pop (), and remove () — enable you to remove one or all methods from the
list. The other five methods enable you to sort the list, return an element by its position in the list,
return the number of items that match specific criteria, and create a copy of the list.

Method
append ()
clear ()

pop ()
remove ()

reverse ()

sort ()

list4 =
list5 =

Table 11-2 explains Python’s methods for working with lists.

Table 11-2: Methods for Working with Lists
Use This Method To

Add an element to the end of the list.

Remove all the elements from the Llist.

Create a copy of the list.

Count the number of list elements that match the specified value.

Extend the list by adding the elements from another list or other iterable.

Return the index number of the first list element that matches the specified value.
Insert an element in the list at the specified index position.

Remove the list element at the specified index position.

Remove the first list element that matches the specified value.

Reverse the order of the whole list.

Sort the list in ascending order, descending order, or ordered by the function specified.

The following list provides examples of using these methods. You will use the methods more
extensively during the first half of this chapter.

e (reate a list named 1ist4 and a list named 1ists:

["Brian", "Charlene", "Dan"]

["Eva", "Finn"]

e Insert an item at the first index position in the list 1ist4:
list4.insert (0, "Abigail")

e Extend the list 1ist4 by adding the elements from 1ist5:
list4.extend(list5)

e Add the item Gloria to the end of the list 1ista4:
list4.append("Gloria")

e Sort the list 1ist4 alphabetically:
list4.sort ()

e Remove the second item from the list 1ist4:
list4 .pop (1)

e Remove all the items from the list 1ist4:
list4.clear ()
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ython’s lists are mutable, so you can change a list after creating it. Often, you will want to add
items to the list, as explained here, or remove items from it, as explained in the following section,
“Remove Items from a List.” You can use the append () method to add a single element to the end of

a list, use the insert () method to insert an item at
extend () method to extend the list by adding items

\ Add Items to a List

a specific index position in the list, or use the
from another list or from another iterable element.

0 Open a terminal window and launch Python.
The Python prompt appears.

Q Type the following statement, which creates
the variable n1 and assigns a list of two

strings to it. Press (512].

nl = ["Sam", "George"]

6 Type the following print () statement, and
then press (Z127, to display the contents of
nl:

print (nl)

Python displays ['Sam', 'George'l].

sam@vubuntu: ~

sam@vubuntu:~$ python3

Python 3.8.10 (default, Nov 26 2021, 20:14:08)

[GCC 9.3.0] on linux

Type "help", "copyright", "cregifs" or "license" for more information.
>>> nl = ["sam", "George"]%

>>> print(ni)

Q Type the following statement, which creates
the variable n2 and assigns a list of two
other strings to it. Press (Z10].

n2 = ["Antonia", "Brett"]

a Type the following print () statement, and &
then press (Z11), to display the contents of
n2:

print (n2)

Python displays ['Antonia',
'Brett'].
a Type the following statement, which uses

the insert () method to insert a string at
position 1 — second — in n1. Press (5.

sam@vubuntu: ~

sam@vubuntu:~$ python3

Python 3.8.10 (default, Nov 26 2021, 20:14:08)

[GCC 9.3.0] on linux

Type "help", "copyright", "credits" or "license" for more information.
>>> nl = ["Sam", "George"]

>>> print(n1)

['Sam', 'George']

>>> n2 = ["Antonia", "Brett"]@
>>> print(n2)

['Antonia', 'Brett']

>>> nil.insert(1, "Helen")@
>>>

nl.insert (1, "Helen")
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0 Press () four times, making Python enter the

print (nl) statement again, and then press

Enter §
print (nl)

Python displays ['Sam', 'Helen',
'George'].

sam@vubuntu: ~

sam@vubuntu:~$ python3

Python 3.8.10 (default, Nov 26 2021, 20:14:08)
[Gcc 9.3.8] on linux

Type "help", "copyright", "credits" or "license" for more information.
>>> nl = ["Sam", "George"]

>>> print(n1)

['Sam', 'George']

>>> n2 = ["Antonia", "Brett"]

>>> print(n2)

['Antonia', 'Brett']

>>> nl.insert(1, "Helen")

@ Type the following statement, which uses £;§a:;;e,;::;:?;g)%‘]
the extend () method to add n2 to the end G ) L ceorge’, ‘antonta’, ‘Brect’]
of n1, and then press (Z120: > 1

nl.extend (n2)

@ Press () twice to enter the print (nl)
statement once more, and then press (510 :

print (nl)

Python displays ['Sam', 'Helen',
'George', 'Antonia', 'Brett'].

sam@vubunktu: ~

sam@vubuntu:~$ python3

. . Python 3.8.10 (default, Nov 26 2021, 20:14:08)

@ Type the following statement, which uses the [Gcc 9.3.0] on linux

. Type "help"”, "copyright”, "credits" or "license" for more information.
append () method to add a string to the end 2> n1 = ["Sam", "George"]

>>> print(n1)

of n1, and then press (Z77): ['san’, 'George']

>>> n2 = ["Antonia", "Brett"]
>>> print(n2)

[ 'Antonia’', 'Brett']

>>> nl.insert(1, "Helen")

>>> print(n1)

@ Press () twice to enter the print (n1) i T
statement yet again, and then press (Z123. o e

>>> print(n1)

nl.append("Sia")

['Sam', 'Helen', 'Georgcggm 'Antonia', 'Brett']
print (nl) @:i{:zﬁq;}("ma")@
. 'Sam', 'Helen', 'George', 'Antonia', 'Brett', 'Sia']
Python displays ['Sam', 'Helen',
'George', 'Antonia', 'Brett',
'Sia'l.

How do I extend a list with items from an iterable other than a list?

Use the extend () method and specify the iterable as the argument. For example, say you type 1ist0 =
[1, 31 and press (Z1] to create a list, then type tupleo = (11, 17) and press (E.] to create a
tuple. You can use 1ist0.extend (tuple0) to extend 1ist0 with the items from tupleo. Typing
print (1isto) returns [1, 3, 11, 17]. Similarly, you can type seto = {7, 9, 13} and press (31-)
to create a set, and then type 1ist0.extend (set0) to add the set to 1isto. Python adds the tuple’s
items in the order you created them, but the order of the set’s items varies.
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ython provides three methods for removing items from a list. When you need to remove a single

item by specifying its index position, use the pop () method. When you need to remove the first
item that matches the value you specify, use the remove () method; you may then need to check for
other instances of the item in the list and remove them too if necessary. When you need to remove

all the items from the list, use the clear () method.

Remove Items from a List

0 In Visual Studio Code, create a new script, and then save it.

9 Type the following statement, which creates a variable
named dx and assigns to it a list of integers. Press (Fi154.

dx = [1, 3, 4, 4, 4, 5, 7, 4, 8, 4, 11]

e Type the following statement, which uses the print ()
function to display a string giving the number of instances
of 4 in the list. Press (F104.

print ("The list contains " + str(dx.
count (4)) + " instances of 4.")

e Type the following statement, which uses the index ()
method to return the position of the first 4 in the ax list
and the print () function to display a string announcing
its removal. Press (Z1C0.

print ("Removing the 4 at index position " +
str(dx.index(4)) + ".")

a Type the following statement, which uses the pop ()
method of the dx list to remove the first 4 by specifying
its index position. Press [Z107.

dx.pop (dx.index (4))

@ Type the following statement, which starts a while loop
that runs while the count () method returns more than
one 4 in the dx list. Press (Z15).

while dx.count (4) > 1:

0 Copy the step 4 statement and paste it onto the line after
the while line, accepting the indent that Visual Studio
Code automatically applies.

print ("The list contains " + str(dx.
count (4)) + " instances of 4.")
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Type the following statement, which creates a variable orx [ECESG

. . . . % list-remove_1.oy X B @1 m
called msg and assigns to it a string announcing the o o D I o L i
. oy e . ey 1 dx=11, 3, 4, 4, 4,5, 7, 4, 8 4, 11
removal of the 4 at the index position it specifies. 2 print{*The List contains " str(Bu.comt(e)) + * instances
Press :]. 3 print("Removing the 4 at index position " + str{dx.index(4))
1.1
) , , , 4 dx.popldx.index(4))
msg = "Removing the 4 at index position 5 while dx.count(d} > 1:
. 6 print("The list contains " + str{dx.count{4)) + "
" + str(dx.index(4)) + "." instances of 4.") 0
7 msg = "Removing the 4 at index position " + str(dx.index
. . (4)) + .
Q Type the following statement, which uses the 6 dx.mnm:‘nﬂ
. . 9 print(msg
remove () method to remove the first instance of 4 i
from ax. Press (512].
dx.remove (4)
@ Type the following statement, which uses the print ()
function to display msg. Press (F100.
print (msg) @0A Ln10,Col1 Spaces:4 UTF-8 LF {} Python & [
@ Press ((-5.C 121 to remove the indent, ending the . e W’ .
while block, and then type the following statement T e 5 1 4 g i
tO display the COI’]tentS Of dX. PT'ESS :]' 2 Z:lsz(-)me list contains " + str(dx.count{4)} + " instances
3 print{"Removing the 4 at index position " + str(dx.index(4))
pI‘ll’lt (dX) 4 dx.popldx.index(4))
5 while dx.count(4) > 1:
@ Type the following statement, which uses the clear () © | print(fThe tct fontains 4 stritcontia)) + ” 1
method to remove the contents of dx. Press (Z121. T %7, "Rencving the 4 at index position *  strid.dndex
8 dx. remove(4)
dx.clear () 11
11 nx.near(!*B
@ Type the following statement to display the contents 13 i _ —
Of dx h— nOth'ing. g:i-‘r_f“ac‘—Pnl:—E‘- % Jusr/local/bin/python3 /Users/guy/Dropbox/TYV_Pythan/Code/Lists/Li Ef"“} n

1 The list cont
print (dx) Ranoving ihe
ex position 2.
nstances of 4.

@ Click Run Python File in Terminal ([>). e R

The Term-inal pane appears‘ @04 Ln12,Col 10 Spacesi4 UTF-B8 LF () Python & 0

The print () statements display the output as the
while loop whittles down the instances of 4 until
only one remains.

Is there an easy way to deduplicate a list?

Yes. You can deduplicate — remove duplicate values from — a list by creating a set from the list. For example,
you could create a list containing duplicate values by typing myList = [1, 1, 2, 2, 3, 3] and pressing
(2. You could then type mySet = set (myList) and press (5. to create a set called mySet containing
{1, 2, 3}.Ifyou want to end up with a list rather than a set, convert the set to a list — for example, type

myList = list (mySet) and press (31 to get a list called myList containing [1, 2, 3].
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ften, you will need to determine whether a list contains a particular item and, if it does, where

that item is. Python provides the count () method and the index () method to take care of
this need. You use the count () method to return an integer value giving the number of elements
in the list that match a specified value. If this number is greater than 0, you can use the index ()
method to return the index number of the first item in the list that matches your specified value.

\ Locate Items and Access Data in a List

0 Open a terminal window and launch Python.
The Python prompt appears.

Q Type the following statement, which
creates a variable named scores and
assigns to it a list containing several

integers. Press (51].
scores = [20, 15, 40, 48, 15, 8]

6 Type the following statement, which
uses the 1len () function to return the
number of items in the scores list.

Press (Z100.

print (len (scores))

Python displays 6, the number of items.

Q Type the following statement, which uses the
count () method to determine the number
of instances of 15 in scores, and then

press [Z000:
scores.count (15)

Python returns 2, because the scores list
contains two instances of 15.

e Type the following statement, which uses
the index () method to return the index
position of the first instance of 15 in the list.

Press (Z120.

scores.index (15)
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+-B8 Command Prompt - python - o x
pt - pyt

C:\Users\guy>python |
Python 3.10.0 (tags/v3.10.0:b494f59, Oct 4 2021, 19:00:18)
[MSC v.1929 64 bit (AMD64)] on win32

Type "help", "copyright", "credits" or "license" for more i

nformation.
>>> scores = [20, 15, 40, 48, 15, B]Q

>>> print(len(scores))

&8 Command Prompt - python - o x
pt - pyt

C:\Users\guy>python |
Python 3.10.0 (tags/v3.10.0:b494f59, Oct 4 2021, 19:00:18)
[MSC v.1929 64 bit (AMD64)] on win32

Type "help", "copyright", "credits" or "license" for more 1
nformation.

>>> scores = [20, 15, 40, 48, 15, 8]

>>> print(len(scores))

6
>>> scores.count (15)0
2
>>> scores. 'index(lS)ﬂ




Python returns 1, indicating that the first instance
of 15 is at index position 1 in the list — in other
words, it is the second item.

@ Type the following statement, which uses the
count () method to determine the number of
instances of 36 in scores, and then press (Z120:

scores.count (36)

Python displays 0, because the scores list
contains no instances of 36.

0 Type the following statement, which uses the
index () method to return the index position of
the first instance of 36 in the list. Press (Z121.

scores.index (36)

Python returns an error: ValueError: 36 is
not in list.

EN Command Prompt - python - a X

C:\Users\guy>python

Python 3.10.0 (tags/v3.10.0:b494f59, Oct 4 2021, 19:00:18)
[MSC v.1929 64 bit (AMD64)] on win32

Type "help"”, "copyright", "credits" or "license" for more 1

hformation.

>>> scores = [20, 15, 40, 48, 15, 8]

>>> print(len(scores))

6

>>> scores.count(15)

2

>>> scores.index(15)

1
>>> scores.count (36)@
0

>>>

EH Command Prampt - o X

C:\Users\guy>python

Python 3.10.0 (tags/v3.10.0:b494f59, Oct 4 2021, 19:00:18)
[MSC v.1929 64 bit (AMD64)] on win32

Type "help", "copyright", "credits" or "license" for more i

nformation.

>>> scores = [20, 15, 40, 48, 15, 8]

>>> print(len(scores))

6

>>> scores.count(15)

2

>>> scores.index(15)
1
>>> scores.count(36)
0

>>> scores.index(36)

Traceback (most recent call last):
File "<stdin>", line 1, in <module>

alueError: 36 is not in Tist

>>>

How can I determine the number of unique values in a list?
Create a set containing the contents of the list, and then use the 1en () function to return the number of items
in the set. For example, if you create the scores list as explained in the main text, you can type a statement

such as my set =

set (scores) and press (Z1- to create a set name my set containing the unique values

from scores. You can then type print (len(my set)) to display the number of items in my set.
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ython provides two methods for sorting the items in a list. The reverse () method simply

reverses the current sort order of the list, so if you have a list named names1 that contains
["Alex", "Blake", "Cody"), namesl.reverse () returns ["Cody", "Blake", "Alex"].
The sort () method is more widely useful, enabling you to sort a list in ascending order, in
descending order, or in the order given by a function you specify.

\ Sort the Items in a List

Sort Using the sort () Method and the
reverse () Method

0 Open a terminal window and launch Python.
The Python prompt appears.

Q Type the following statement, which creates a
variable named k7 and assigns a list of three
fruits to it. Press (Fi150.

k7 = ["tomato", "avocado", "okra"]

e Type the following statement, which sorts the
k7 list into ascending order, and then press

(Enter ¥
k7.sort ()

0 Type the following statement, which displays
the contents of k7, and then press (50 ):

print (k7)

Python displays ['avocado', 'okra',
'"tomato'].

a Type the following statement, which use the
reverse argument to sort the k7 list in
descending order, and then press (Z157):

k7.sort (reverse = True)

@ Press () twice to repeat the

print (k7) statement, and then press (Z1-0:

print (k7)

Python displays ['tomato', 'okra',
'avocado'].
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sam@vubuntu: ~ 12

sam@vubuntu:~$ python3

Python 3.8.10 (default, Nov 26 2021, 20:14:08)

[GCC 9.3.0] on linux

Type "help", "copyright", "credits" or "1i se" for more information.
>>> k7 = ["tomato", "avocado", "okra"]

>>> k7.sort(
>>>

sam@vubuntu: ~

sam@vubuntu:~$ python3
Python 3.8.10 (default, Nov 26 2021, 20:14:08)
[GCC 9.3.0] on linux

Type "help", "copyright", "credits" or "license" for more information.
>>> k7 = ["tomato", "avocado", "okra"]
>>> k7.sort()
print(k7)
'avocado', 'okra', 'tomato']
>>> k7.sort(reverse = True)
print(k7)
[ 'tomato', 'okra', 'avocado']

[>>>




a Type the following statement, which uses the
reverse () method to reverse the list’s order, and

then press (Z100:

k7.reverse ()

6 Press () twice to repeat the print (k7)
statement again, and then press (Z.00.
print (k7)

Python displays ['avocado', 'okra',
'tomato'] again.

Sort Using a Function That Provides
Sort Criteria

a Type the following function, which implements a
crude sort by the last character of the input. Press
(5107 at the end of each line, and then again to
end the function and create a blank line.

def sort by last(n):
return n[-1]

Note: Indent the second line by four spaces.

Q Type the following statement, which creates a
variable named animals and assigns a list of
three animals to it. Press (Zi14.

animals = ["cat", "dog", "snake"]

6 Type the following statement, which uses the
sort () method to sort the animals list by the
sort_by last function. Press (Z.0].

animals.sort (key=sort by last)

Can the sort () method sort items of different types?

sam@vubuntu: ~

sam@vubuntu:~$ python3

Python 3.8.10 (default, Nov 26 2021, 20:14:08)
[GCC 9.3.0] on linux

Type "help”, "copyright", "credits” or "license" for more information.
->> k7 = ["tomato”, "avocado”, "okra"]

>>> k7.s0rt()

>>> print(k7)

['avocado', 'okra', 'tomato']

>>> k7.sort(reverse = True)

>>> print(k7)

['tomato', 'okra', ' do']

>>> k7.reverse()0
print(k7)
'avocado', 'okra', 'tomato']

o>

/A sam@vubuntu: ~ (o] = = o x

sam@vubuntu:~$ python3

Python 3.8.10 (default, Nov 26 2021, 20:14:08)
[GCC 9.3.8] on linux

Type "help”, "copyright", "credits" or "license" for more information.
->> k7 = ["tomato”, "avocado”, "okra"]

>>> k7.sort()

>>> print(k7)

['avocado', 'okra', 'tomato']

>>> k7.sort(reverse = True)

>>> print(k7)

['tomato', 'okra', 'avocado']

5> k7.reverse()

>>> print(k7)

['avocado', 'okra', 'tomato']

s>

>>> def sort_by last(n):

N return n[-1]

>>> animals = ["cat", "dog", “snake"]o
>>> animals.sort(key=sort by last)
&prlnt(animals)

‘snake', 'dog', 'cat']

>>>

e Type a print () statement to display the
contents of animals, and then press (Z150:

print (animals)

Python displays ['snake', 'dog',
"cat '], the terms sorted by their last letters.

The sort () method can sort different types of numeric items successfully. For example, say you type x15 =
[0, -1, False, True, 1.2] and press (S, ] to create a list named x15, you can then type x15.
sort () to sort the list, even though it contains three types of values: int, bool, and float. Sorting the
list in ascending order returns [-1, 0, False, True, 1], because Boolean False has the value 0 and
Boolean True has the value 1. However, if you add a string to the list, the sort () method returns a
TypeError error, because Python cannot compare the string with the numeric values.
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n Python, a dictionary is an object that enables you to store collections of data. The items in the
dictionary consist of key/value pairs, in which a key enables you to access the corresponding value —
similar in concept to a conventional dictionary, in which you look up a term to find its meaning.

Technically, a dictionary is an ordered, mutable sequence, so you can add items, remove specific
items, or simply delete the entire contents of the dictionary.

Understanding What Python Dictionaries Are

dictionary or remove items from it.

In Python, a dictionary is an ordered, mutable collection that cannot have duplicates:
® Ordered. The items in a dictionary have a specific order, which Python maintains.
e Mutable. A dictionary is mutable, so you can change its contents. For example, you can add items to the

¢ No duplicates. Each key in the dictionary must be unique so that you can identify each key unambigu-
ously. However, the values assigned to the keys can contain duplicates.

name and the value being Spot:
dog0 = {"name": "Spot"}

You can create a dictionary on a single line of code, as
in the following example, which shows a single logical
line wrapped to multiple physical lines by the
constraints of the book.

dogl = {"name": "Minnie", "breed":
"Chihuahua", "weight": 5, "height": 6,
"age": 6}

Understanding the Layout of a Python Dictionary

To create a dictionary, you enter its key/value pairs within braces, {}. Usually, you assign the entire
dictionary to a variable so that you can refer to it easily. For example, the following statement creates a
variable named dog0 and assigns to it a dictionary consisting of a single key/value pair, the key being

Variable Opening brace Colon Closing brace

dog0 = {"name": "Spot"}

Assignment operator Key Value

248




Normally, however, it is more convenient to break the dictionary over multiple lines of code, using the kind
of layout shown in the following example:

cleg? { Variable Opening brace
"name": "Max", ‘
"breed": "Newfoundland", dOg’Z = {
"weight": 130, n n. wy " T
"height": 30, e ey
"age": 4 "breed": "Newfoundland",
} Keys— "weight™: 130, —— Values
Here, each key — name, breed, and "height": 30,
SO On — appears on a se.parate line Tage™ g 4
followed by a colon and its value, *} —
making the code easier to read
quickly. ‘

Closing brace

You Access Dictionary Items by Key

To access an item in a dictionary, you specify the item’s key. For example, to access the value for the breed
key in the dog2 dictionary, you specify dog2 ["breed"].

Dictionaries Are Ordered in Python 3.7 Onward

Python 3.7 changed dictionaries from unordered collections to ordered collections. If you are using Python
3.6 or an earlier version, your code’s dictionaries will be unordered — that is, the items in a dictionary will
be in an order, but that order will not be fixed.

As long as you access your dictionary items by key, it makes little difference whether the dictionary items
are ordered or unordered. But if you access your dictionary items by index position — for example, by
creating a list of the dictionary’s keys and using that to determine a key’s position — you should be aware
of the difference, because in Python 3.6 or earlier the items’ index positions are likely to change.
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hen you need to store data in a container that enables you to look up elements of the
data quickly and easily, create a dictionary and assign it to a variable. You enter the entire
dictionary within braces, {}, using a colon to connect each key to its value and a comma to separate

each key/value pair from the next pair.

You can then either display the entire dictionary — for example, to verify its contents and
completeness — or return individual values by specifying their keys.

0 Open a terminal window and launch Python.
The Python prompt appears.

9 Type the following statement, which creates
a variable named dog3 and assigns to it a
dictionary containing several canine attributes.
Press (=] at the end of each line.

dog3 = {
"name": "Belle",
"breed": "Rottweiler",
"weight": 125,
"height": 26,
"age": 8
!

6 Type the following statement, which uses the
print () function to display the entire dog3
dictionary. Press (511

print (dog3)

Python displays the dictionary’s keys and values
on a single logical line, wrapped here:

{'name': 'Belle', 'breed':
'Rottweiler', 'weight': 125,
'height': 26, 'age': 8}

Q Type the following statement, which uses the
print () function to display the breed key
from the dog3 dictionary. Press (2.

print (dog3 ["breed"])

Python displays Rottweiler.
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Create a Dictionary and Return Values

Command Prompt - python

C:\Users\guy>python
Python 3.10.0 (tags/v3.10.0:b494f59, Oct
[MSC v.1929 64 bit (AMD64)] on win32

ype "help", "copyright", “credits" or
nformation.
>>> dogS = {
‘name" Be11e
... "breed": "Rottweiler" 4
- "we1ght 125,
sao "height 1 26,
... "age": 8
>>>

4 2021,

- [m] x

|
19:00:18)

"license" for more i

B Command Prompt

C:\Users\guy>python
Python 3.10.0 (tags/v3.10.0:b494f59, Oct
[MSC V. 1929 64 bit (AM064)] on w1n32

Type "help", "copyright", "credits" or
nformation.
>>> dugS = {
‘name" Be11
breed Rottwe11er y
we1ght 125,
... "height": 26,
... "age": 8
TR
&prmt (dog3)
name Be]]e , 'breed’': 'Rottweiler’,

ight': 26, 'age 8}

>>> pr1nt(dog3[ ‘breed" 1D
Rottweiler

>

4 2021,

‘weight":

- o x

|
19:00:18)

"1icense" for more i
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ython provides 11 methods for working with dictionaries. Five of these methods — fromkeys (),

get (), items (), keys (), and values () — enable you to retrieve information from a
dictionary. On the other side of the coin, three methods — pop (), popitem(), and clear () —
enable you to remove one or more entries from the dictionary. One method, update (), lets you
insert key/value pairs. One method, setdefault (), does double duty, returning information if it is
there and adding it if it is not. Finally, the copy () method enables you to copy an entire dictionary.

Table 11-3 explains Python’s methods for working with dictionaries.

Table 11-3: Methods for Working with Dictionaries

Method Use This Method To

clear () Remove all the key/value pairs from the dictionary.

copy () Create a copy of the entire dictionary.

fromkeys () Return a dictionary containing the specified keys and their values from this dictionary.
get () Return the value of the specified key.

items () Return a list containing a tuple for each key/value pair in the dictionary.

keys () Return a list of the dictionary’s keys, without their values.

pop () Remove the items whose key you have specified.

popitem() Remove the last key/value pair inserted in the dictionary.

setdefault () Return the value of the specified key, if it exists; if it does not exist, insert the key and
assign it the specified value.

update () Insert the specified key/value pairs in the dictionary.
values () Return a list of all the dictionary’s values.

The following list provides quick examples of using these methods. You will use the methods more
extensively during the remainder of this chapter:

e Return the keys from the dog3 dictionary:
>>> dog3.keys
dict_keys(['name', 'breed', 'weight', 'height', 'age'])

e Insert a key/value pair, with the key id chip, in the dog3 dictionary:
>>> dog3.update ({"id chip": "yes"})

e Return the value of the key coat, if it exists, and assign the given value if the key does not exist. In the
first instance, the key does not exist, so Python creates it and assigns the value provided. In the second
instance, the key exists, so Python returns the current value.

>>> dog3.setdefault ("coat", "short")
'short'

>>> dog3.setdefault ("coat", "long")
'short'
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ython’s fromkeys () method enables you to create a dictionary whose keys come from an existing

iterable, such as a list, a set, or another dictionary. This way of creating a dictionary is convenient
when you have an iterable that contains the data required for the keys in a new dictionary you want to
create. The fromkeys () method lets you either assign the same value to each of the key/value pairs
or not assign a value, leaving the values blank until you populate them otherwise.

0 Open a terminal window and launch Command Pramgt - python - o0 «x
Python. C:\Users\guy>python |
Python 3.10.0 (tags/v3.10.0:b494f59, Oct 4 2021, 19:00:18)
[MSC v.1929 64 bit (AMD64)] on win32
The Python prompt appears. ¥pe "help", "copyright", "credits" or "license" for more i
t 5
. . g>grggtlggctor = ["space", "character", "cost", "'interact'ivg
e Type the following statement, which ity"]
creates a variable named pet factor and B
assigns to it a list of factors to consider
when choosing a pet. Press (Z1).
pet factor = ["space",
"character", "cost",
"interactivity"]
6 Type the following statement,
which creates a variable named
considerations and assigns to it a
dictionary whose keys are derived by
using the fromkeys () method on the
pet_factor list. Press (Z10). &8 Command Prompt - prvon T 0 x
1 1 = 1 IC:\U th |
considerations = dict. Pyéhgﬁrg}gg?%p)(’tagrs]/vi.10.0:b494f59, Oct 4 2021, 19:00:18)
fromkeys (pet factor) [MSC v.1929 64 bit (AMD64)] on win32 . ]
— T%«'pe "I;e_'lp", "copyright", "credits" or "license" for more i
ormation.
0 Type the fou_ow'ing statement, which 2_>> [j':et_factor = ["space"”, "character", "cost", "interactiv
o
uses the print () function to display a1>¥ ;ng;gggﬁggggﬁﬁ;ggg-fromkeys(pet-factor)

: : ": None, ' ter': None, 'cost': None, 'int ti
the contents of considerations. 10 Noney ) character i None, cos oS EtEract!
Press (Z10. e
print (considerations)

Python displays { 'space': None,
'character': None, 'cost':
None, 'interactivity':
None}.
Note: Each key contains the value None
because the fromkeys () method in
step 3 did not assign a value to the keys.
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e Type the following statement, which creates a B2 Command Pompi - o=

1 1 1 1 C:\Users\guy>python |
variable named pet_pros and assigns to it a list P;[rthon 3.3%06@395/\63.1g.g]:b494f59é20ct 4 2021, 19:00:18)
3 3 MSC v. 1! 4 bit (AMDE4 on win
of benefits of having a pet. Press (517). Type “Help®, “copyright®. ‘cradits” or "Ticense" for more i
nformation.
" . - >>> pet_factor = ["space", "character", "cost", "interactiv
pet pros = ["companionship", ity"]
= . . >>> considerations = dict.fromkeys(pet_factor)
"affection", "exercise", "memory", 5>> print(considerations)
{"space': None, "character': None, 'cost': None, "interacti
"schedule"] vity': None}
>>> pet_pros = ["companionship", "affection”, "exercise", 'Q
. . memory", "schedule"
e Type the following statement, which creates a po2icat = dict fronkeve(pet pros’ Trise)

variable called cat and assigns to it a dictionary
whose keys are derived by using the fromkeys ()
method on the pet pros list. The statement
assigns a default value of True to each key.

Press (Z150.

cat = dict.fromkeys (pet pros, True)

@ Type the following print () statement to display & o o -~ o *x
the contents of cat, and then press (Z1T3: o3 2 Ve /v3. 10.0:b404f59, Oct 4 2021, 19:00:18) |

[MsC v.1929 64 bit (AMD64)] on win32

print (cat) T¥pe "2;1;}". "copyright"”, "credits" or "license"” for more i
ntormation.
>>> ?et_factor = ["space", "character", "cost", "interactiv
. . . ity"
Python displays { 'companionship': True, >>> considerations = dict.fromkeys(pet_factor)
\ ) >>> print(considerations) i .
'affectlon' . True, 'exercise': {t:p?ce’;: N\;ne, 'character': None, 'cost': None, 'interacti
Vity = one
True 'memory‘ : True 'schedule': ;Z;ogsE_p[:ih:dE;gﬁmpﬂniOnSh'ip", Jaffection”, texerciset,
’ . ’ . ,
True} >> cat :(digg.from eys(pet_pros, True)
. tpprm ca
'companionship': True, 'affection': True, 'exercise': True
, 'memory': True, 'schedule': True}
You can now change the values of the keys, P
as needed.

How do I use the copy () method with a dictionary?

Create a variable, and then use the copy () method to assign a copy of the dictionary to it. For example, if
the variable myD contains a dictionary, you can use a statement such as newD = myD.copy () to create a
new variable and copy the dictionary to it. The copy contains copies of the references from the original
dictionary. Changes you make to the copy do not affect the original dictionary.

You can also use the assignment operator to copy a dictionary — for example, newD = myD. This approach
creates a new reference to the original dictionary. Changes you make to the new dictionary, such as clearing
its contents, affect the original dictionary.
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hen you need to add one or more key/value pairs to a dictionary, use the update () method.
You can either add the key/value pairs by providing their information directly or add them from
an iterable object — for example, from another dictionary. The update () method places the new

key/value pairs at the end of the dictionary.

You can also add a key/value pair to a dictionary by using the setdefault () method. If the key/
value pair already exists, this method returns the current value. If the key/value pair does not exist,

this method creates the pair and assigns the value you provide.

Add a Key/Value Pair to a Dictionary

0 Open a terminal window and launch Python.
The Python prompt appears.

e Type the following statement, which creates a variable
named dog4 and assigns to it a dictionary containing
a single key/value pair. Press (F100.

dog4 = {"name": "Rex"}

e Type the following statement, which uses the
update () method to add one key/value pair to

dog4, and then press (Z100):
dog4 .update ({"breed": "Newfoundland"})

Q Type the following print () statement, and then
press (Z100:

print (dog4)

Python displays { 'name': 'Rex', 'breed':
'Newfoundland'}.

a Type the following update () statement, which adds
two more key/value pairs, and then press (Z15):

dog4 .update ({"age": 5, "color": "black"})

a Press () twice to enter the print () statement again,
and then press (F100):
print (dog4)

Python displays { 'name': 'Rex', 'breed':
'Newfoundland' , 'age': 5, 'color':
'black'}}.
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sam@vubuntu: ~ 1

ubuntu:~$ python3
Pvthon 3.8.10 (default, Nov 26 2021, 20:14:08)
[Gee 5.3.0] on Linux
['ype “help®, “copyright* ' or "license” for more information

55> dogd = ( name”: "Rex “,@
>> dog4.update((" hreed "Newfoundland"}
-

m@vubuntu:~$ python3
Python 3.8. 10 (default, Nov 26 2021, 20:14:08)
[GCC §.3.0] on linux
Type "help”, "copyright”, "credits” or "license" for more information.
>>> dega = ( name": "Rex"

}
b>> dog4.update({"breed":  "Newfoundland"})
prlnt(dug“)
('name’: ‘Rex’, 'breed': 'Newfoundland'}
>> dogd.update({"age": 5, "color” hla:k"}@
Drtnt(dugﬁ)
‘name': 'Rex', 'breed': 'Newfoundland', 'age’': 5, ‘color': 'black'}

s2> stats = {"height”: 23, "weight": 146
>>>

0 Type the following statement, which

creates a variable named stats and
assigns it a dictionary containing two
key/value pairs. Press (Z1].

stats = {"height": 28,
"weight": 146}



Q Type the following statement, which uses the
update () method to insert the key/value pairs
from stats into dog4. Press (21 ).

dog4 .update (stats)

Q Press () thrice to enter the print ()
statement again, and then press (Z1:3:

print (dog4)

Python displays { 'name': 'Rex',
'breed': 'Newfoundland', 'age':
5, 'color': 'black', 'height':

28, 'weight': 146}.

@ Type the following statement, which uses the
setdefault () method to return the value
of the breed key, if it exists, and to create the
key/value pair if it does not. Press (51].

dog4 .setdefault ("breed")

Python returns 'Newfoundland', because the
breed key does exist.

@ Type the following statement, which uses the
setdefault () method to return the value of
the temperament key, if it exists, and to create
the key/value pair if it does not. Press (51 J.

dog4 .setdefault ("temperament",
"amiable")

Python returns 'amiable', which tells you that
the temperament key's value is amiable.

@ Type the following print () statement, which
displays the temperament key's value, and then

press (=1 :

print (dog4 ["temperament"])

Python displays amiable.

>>> stats = {"height": 28 eight": 146}
>>> dog4.update(stats)
&print(dogfl)

sam@vubuntu: ~

sam@vubuntu:~$ python3

Python 3.8.10 (default, Nov 26 2021, 20:14:08)

[GCC 9.3.0] on linux

Type "help", "copyright"”, "credits" or "license" for more information.
>>> dog4 = {"name": "Rex"}

>>> dog4.update({"breed": "Newfoundland"})

>>> print(dog4)

{'name': 'Rex', 'breed': 'Newfoundland'}

>>> dog4.update({"age": 5, "color": "black"})

>>> print(dog4)

{'name': 'Rex', 'breed': 'Newfoundland', 'age': 5, 'color': 'black'}

{'name': 'Rex', 'breed': 'Newfoundland', 'age': 5, 'color': 'black', '
height': 28, 'weight': 146}

>35> dog4.setdefault("hreed")@

'Newfoundland'

>>>

sam@vubuntu: ~

sam@vubuntu:~$ python3

Python 3.8.10 (default, Nov 26 2021, 28:14:08)

[GCC 9.3.08] on linux

Type "help", "copyright", "credits" or "license" for more information.
>>> dog4 = {"name": "Rex"}

>>> dog4.update({"breed": "Newfoundland"})

>>> print(dog4)

{'name': 'Rex', 'breed': 'Newfoundland'}

>>> dog4.update({"age": 5, "color": "black"})

>>> print(dog4)

{'name': 'Rex', 'breed': 'Newfoundland', 'age': 5, 'color': 'black'}
>>> stats = {"height": 28, "weight": 146}

>>> dog4.update(stats)

>>> print(dog4)

{'name': 'Rex', 'breed': 'Newfoundland', 'age': 5, 'color': 'black', '

height': 28, 'weight': 146}
>>> dog4.setdefault("breed")
'Newfoundland'

>>> dog4.setdefault("temperament”, "amiable" )0
'amiable’

>>> print(dog4["temperament”] )@
amiable

>>>

What happens if I use the update () method for a key that exists?
If the key already exists, Python updates it with the new value you supplied.
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ython provides three methods that enable you to remove key/value pairs from a dictionary. First,
you can use the pop () method to remove an item by specifying its key. Second, you can use the
popitem() method to remove the last key/value pair that was added to the dictionary; because
Python places the newest key at the end of the dictionary, this method removes the last key and
its value. Finally, you can use the clear () method to remove all keys and their values from the

dictionary, leaving the dictionary empty.

\ Remove Key/Value Pairs from a Dictionary

0 Open a terminal window and launch Python.
The Python prompt appears.

9 Type the following statement, which creates
a variable named ocelot and assigns to
it a dictionary containing eight key/value

pairs. Press (Z12).

ocelot = {
"Kingdom": "Animalia",
"Phylum": "Chordata",
"Class": "Mammalia",
"Order": "Carnivora",
"Suborder": "Feliformia",
"Family": "Felidae",
"Subfamily": "Felinae",
"Genus": "Leopardus"
!

0 Type the following statement, which uses the
popitem () method to remove the last

key/value pair. Press (Z12].

ocelot .popitem()

Python displays ('Genus', 'Leopardus')
to indicate that it has removed the Genus key,
whose value was L.eopardus.

Note: In Python versions 3.6 and earlier, the
popitem () method removes a random key/value
pair from the dictionary rather than the last pair.

0 Type the following statement, which uses the
popitem () method again but this time assigns the
resulting tuple to a variable named y. Press (2.

y = ocelot.popitem()
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eoe guy—ﬂylhon—ﬁﬁx!?%
guy@Mac-Pro-2 ~ % python3
Python 3.10.0 (v3.10.0:b494f5935c, Oct 4 2021, 14:59:20) [Clang 1
2.08.5 (clang-1205.0.22.11)] on darwin
Type "help", "copyright", "credits" or "license" for more informat
jon.
»>>»> ocelot = {
. "Kingdom": "Animalia",
. "Phylum": "Chordata",
. "Class": "Mammalia",

... "Order": "Carnivora",
.+. "Suborder": "Feliformia" ,@
. "Family": "Felidae",

. "Subfamily": "Felinae",
. "Genus": "Leopardus"

o3
>>> ||

|

eoe
guy@Mac-Pro-2 ~ % python3
Python 3.10.0 (v3.10.0:b494f5935¢c, Oct 4 2021, 14:59:20) [Clang 1
2.8.5 (clang-1205.0.22.11)] on darwin
Type "help", "copyright", "credits" or "license" for more informat
jon.
>>> ocelot = {

.. "Kingdom": "Animalia",

. "Phylum": "Chordata",

guy — Python — 66x29

. "Class": "Mammalia",
... "Order": "Carnivora",
. "Suborder": "Feliformia",
.. "Family": "Felidae",
. "Subfamily": "Felinae",
. "Genus": "Leopardus"
}

>>> ocelot.popitem()

('Genus', 'Leopardus')
>>> y = ocelot.popitem()
>>> I

|




e Type the following print () statement to
display the contents of y. Press (Z11.

print (y)

Python displays ('Subfamily',
'Felinae').

Q Type the following statement, which uses the
pop () method to remove the Class key, and

then press (Z150):

ocelot.pop("Class™")

Python displays 'Mammalia' to indicate
the value that was assigned to the key it has
removed.

0 Type the following print () statement to
display the contents of the ocelot dictionary
as they now stand. Press (Z101.

print (ocelot)

'Animalia’,
'Order':
'Suborder':

'Family':

Python displays { 'Kingdom' :
'Phylum': 'Chordata',
'Carnivora',

'Feliformia', 'Felidae'}.

e Type the following statement, which uses the
clear () method to remove the dictionary’s
contents, and then press (Z157.

ocelot.clear ()

Q Press () twice to enter the print () statement
again, and then press (Z150):

print (ocelot)

Python displays { }, indicating that the dictionary
is empty.

® ® guy — Python — 66x29
guy@Mac-Pro-2 ~ % python3 s
Python 3.10.0 (v3.10.0:b494f5935c, Oct 4 2021, 14:59:20) [Clang 1
2.0.5 (clang-1205.0.22.11)] on darwin

Type "help", "copyright", "credits" or "license" for more informat
ion.
>>> ocelot = {
.. "Kingdom": "Animalia",
. "Phylum": "Chordata",
. "Class": "Mammalia",
. "Order": "Carnivora",

. "Suborder": "Feliformia",
. "Family": "Felidae",

. "Subfamily'": "Felinae",

. "Genus": "Leopardus"

cao

>>> ocelot.popitem()
('Genus', 'Leopardus')

>>> y = ocelot.popitem()
o»printm

('Subfamily', 'Felinae')
33> nceLot.pop(“Class")@
'Mammalia'
>>> print(ocelotm

[ N ] [ guy — -zsh — 66x29
Python 3.10.0 (v3.10.0:b494f5935¢c, Oct 4 2021, 14:59:20) [Clang 1%
2.0.5 (clang-1205.0.22.11)] on darwin

Type "help", "copyright", "credits" or "license" for more informat
jon.
ocelot = {

33>
... "Kingdom": "Animalia",

. "Phylum": "Chordata",

. "Class": "Mammalia",

. "Order": "Carnivora",

. "Suborder": "Feliformia",
. "Family": "Felidae",

. "Subfamily": "Felinae",

. "Genus": "Leopardus"

vee }

>>> ocelot.popitem()
('Genus', 'Leopardus')

>>> y = ocelot.popitem()

>>> print(y)

('Subfamily', 'Felinae')

>>> ocelot.pop("Class")

'Mammalia’

>>> print(ocelot)

{'Kingdom': 'Animalia', 'Phylum': 'Chordata', 'Order': 'Carnivora'
s 'Suborder’ 'Family': 'Felidae'}

: 'Feliforgda',
>5> ocelot.clear()@
>>> print(ocelot)
TN
23>

What happens if I use the pop () method on a key that does not exist?

If the key does not exist, the pop () method causes Python to throw a KeyError error. The error includes
the name of the missing key so you can easily identify the problem.
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ou can return a value from a dictionary by entering the corresponding key’s name in brackets after
the dictionary’s name — for example, dogl ["breed"] returns the value of the breed key in the
dictionary called dog1. Alternatively, you can use the get () method to return the value for a specific key.

You can use the keys () method to return all of a dictionary’s keys, use the values () method to
return all its values, or use the items () method to return both the keys and the values. These three
methods return views that update automatically when the dictionary’s contents change.

0 Open a terminal window and launch Python. obac mmmmm o - pythen - o0 x
: h |
The Python prompt appears. ?&ﬁiﬁr?%%"‘éﬁag?/va.1u.o:b494f59, oct 4 2021, 19:00:18)
[MSC”EI%;P eiog;:'iéﬁl\tm'j'm‘)'gr:g'i?;nggr "license" for more i
. . Type “he , f
9 Type the following statement to create a variable e Lt
called dogs and assign to it a dictionary e ::Eﬁggﬁa& ﬁgggggoér!ﬂ
containing a canine’s key attributes. Press (2. o ;wilghﬁﬂi 70’
dogS _ { >>>
... "name": "Hondje",
"breed": "Boerboel",
"height": 24,
"weight": 70
6 Type the following statement, which uses the
get () method to return the value of the
breed key. Press (Z10).
dOgS ' get ( "breed" ) & Comman: d Prompt - python — [m] X
: h |
Python returns ' Boerboel'. S#ﬁiﬁrizzggézgﬁﬂgé'/\és.1gigib494f59§20ct 4 2021, 19:00:18)
MSC v. 1t (AMD on win
Q Type the following statement, which uses the rype “help”, “copyright”, "credits” or "license® for more i
keys () method and displays all the keys in the - gEg;eZ:{”Hondjg”,1
. . ... "breed": "Boerhoel",
dog5s dictionary, and then press [(Z100: L1l theight®: 24,
}we1ght : 70
print (dog5.keys ()) %ééeggg:ii:t(;b;eed‘(‘))
. print(dogs.keys
Python d-|sp|_ay$ dict_keys ([ 'name' , aict_keys(['name', "breed’, 'height', 'weight'])

>>>

'breed', 'height', 'weight']). B
Note: The keys () method returns a list containing
the keys. Similarly, the values () method returns a
list containing the values.
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e Type the following statement, which uses the

values () method and displays all the values in

the dogs dictionary, and then press (=00

print (dog5.values())

Python displays dict values (['Hondje',
'Boerboel', 24, 701).

@ Type the following statement, which creates a
variable named g and assigns to it the result
of using the items () method on the dog5s

dictionary. Press (Z120.
g = dog5.items ()

Note: The items () method returns a list of tuples,
each containing a key/value pair.

0 Type the following statement, which uses the
print () function to display the contents of qg.

Press (5120.

print (q)

Python displays dict items ([ ('name',
'Hondje'), ('breed', 'Boerboel'),
("height', 24), ('weight', 70)1).

E¥ Command Prompt - python - [m] x

C:\Users\guy>python

Python 3.10.0 (tags/v3.10.0:b494f59, oct 4 2021, 19:00:18)
[MSC v.1929 64 bit (AMDE4)] on win32

Type "help", "copyright", "credits" or "license" for more i

nformation.

>>> dogs = {

. "name": "Hondje",

.. "breed": "Boerboel",
. "height": 24,
. "weight": 70

oo dog5.get("breed")
'Boerboel”’
>>> print(dog5.keys())

ict_keys(['name', 'breed', 'height', 'weight'])
print(dog5.values())

ict_values(['Hondje', 'Boerboel’, 24, 70])
>>> gq = dog5.items ()
55>

B3 Commend Prompt - O x

IC:\Users\guy>python
Python 3.10.0 (tags/v3.10.0:b494f59, oct 4 2021, 19:00:18)
[MSC v.1929 64 bit (AMDE4)] on win32
Type "help", "copyright", "credits" or "license" for more i
nformation.
p>> dogh = {
... "name": "Hondje",
... "breed": "Boerhoel",
... "height": 24,
. "weight": 70

ooo I

p>> dog5.get("breed")

'Boerboel”

Bb>> print(dogs.keys())

idict_keys(['name', 'breed', 'height', 'weight'])
Bb>> print(dog5.values())

idict_values ([ 'Hondje', 'Boerboel’, 24, 70])

>> ¢ = dog5.items ()
&print(q)
ict_items ([('name', 'Hondje'), ('breed', 'Boerboel'), ('he

ight', 24), ('weight', 70)]1)
B>>

What does it mean that keys (), values (), and items () return view objects?

Using the keys () method, the values () method, or the items () method returns a view object, an
object that gives you a view of the current data inside the dictionary. For example, say you execute the
statement dogé = {"name": "Rover"}, creating a dictionary named dogé with one key/value pair. If
you then execute the statement n = dog6.items (), n contains dict_items ([ ('name’,
'Rover')]). But if you then execute the statement dogé ["name"] = "Spot", changing the value of
the name key in the dictionary, n now contains dict items ([ ('name', 'Spot')]), because the view

gives you the current data from the dictionary.
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CHAPTER 12

Working with
Classes

In this chapter, you work with Python’s classes, which enable you to create
custom objects in your scripts. You learn to create a class, create objects
based on that class, and work with those objects. Because of the nature of
classes, this chapter is set up as an extended example using Visual Studio
Code rather than terminal windows, and we recommend you work through
the chapter from start to end.

% BranchOffice > @
class Branchi
company = "CheeseWheat Associates"
sector = "food science"
@classmethod
def showClassInfo{self):
ci = self.company + ", a "
ci = ci + self.sector + " trendsetter"
return ci
__init_ (self, city, street, state, zip, manager):
self.city = city
self.street = street
self.state = state
self.zip = zip
self.manager = manager
def getInfo(self):
br = (
f'{self.city} Office\nm\n"
f"Manager: {self.manager}\n\n"
f'{self.street}\n"
f'{self.city}, {self.state} {self.zip}"
)
return br
@staticmethod
def cm2ef(m3):

a= BranchOffice("Arcata", "442 Front", "CA", "95221-1111", "Aurora
Smith")
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Understanding Classes and Instances

In Python, a class is a template for creating objects of a particular type — a “class” of object,

in computer terms. When you need to create standardized objects of the same type, you can
declare a class for that type of object. You can then create what are called instances of the class —
individual objects based on the class.

In this chapter, you create a class called Branchoffice to use for creating objects that store data
on the individual branch offices of a notional company. After creating the class, you can create a
separate instance for each branch office.

When Should You Create a Class?

Consider creating a class when you need to create consistent objects of a type that Python itself does not
provide.

Classes are especially useful for encapsulation, using a single object both to store data and to provide
functionality for manipulating that data. Creating a class makes encapsulation easy, as you can define
attributes to store the data and construct methods to provide the necessary functionality.

How Do You Create a Class? class Keyword Class name Colon

You create a class by using a class header statement. The class ‘ ‘ i
header begins with the c1ass keyword. Next, it provides the class BranchOffice:

name you want to give the class. Like other headers, the class DUDOpass

header ends with a colon, after which the statements that ‘

belong to the class definition are indented by four spaces. Four spaces of pass placeholder
indentation

For example, the following class header creates the class called

BranchOf fice. The second statement, pass, is a placeholder indicating where code for the class will
appear. As with other Python structures, the code for the class is indented by four spaces beyond the
class header.

class BranchOffice:
pass
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CHAPTER

Working with Classes 12

How Are Python Class Names Usually Capitalized?

Python convention is to use a capital letter at the start of each word in the class — for example,
BranchOf fice. This capitalization style is sometimes called Pascal Case, named after the programming
language Pascal, which in turn was named after the French mathematician and philosopher Blaise Pascal.

How Do You Create an Instance of
a Class?

After creating a class, you can create an
instance of the class, an object based on
the class. Creating an instance is
sometimes referred to as instantiating
the instance.

To create an instance, you create a
variable and assign an object based on
the class. The following statement creates
a variable named a and assigns to it an
instance of the Branchof fice class:

a = BranchOffice()

The illustration shows the relationship
between a class and instances of that
class.

BranchOffice class

Instances of BranchOffice class
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Create a Class and Instantiate Instances

In this section, you create the BranchOffice class, giving it the absolute minimum of code
required for Python to run it without raising errors. You then create two instances of the
BranchOffice class, verify their class type using the type function, and compare the two
instances to prove that they are not the same object.

Because this chapter presents an extended example, we recommend you work in Visual Studio Code
rather than in a terminal window. Using Visual Studio Code enables you to return easily to the code
you have written so far and make changes to it without extensive retyping.

Create a Class and Instantiate Instances

0 Open Visual Studio Code and create a new ooe ‘0

Python script. Boess x . bv D

Users > guy Dropbox YV_Pythor Code BRSSe s ® class
. . 1 B hoffice:
0 Type the following statement, which creates the &C e 4

BranchOffice class, and then press (100 B = Branchofficef])
class BranchOffice:

Visual Studio Code automatically indents the
next line.

9 Type the following pass statement, which enables
Python to run the class code without raising an
error. Press (210 twice.

pass

0 Type the following statement, which creates a
variable named a and assigns to it an instance of AR e UeD) [ Gt SO0

the Branchoffice class. Press [0 see ==

@ class B3 o~ @D -

Users > guy > Dropbox > TYV_Python > Code > Classes > # class
class BranchOffice:
pass

1
2
9 Type the following statement, which creates 3 8 - oranchotice() a

a = BranchOffice()

b = Branchoffice()

a variable named b and assigns to it another [P intieyoetan
instance of the BranchOffice class. !

Press (F100.

b = BranchOffice()

Q Type the following statement, which uses the
type function to retrieve the type of a and
the print () function to display the result.

Press (2000

print (type(a))

Ln6, Col1 Spaces:4 UTF-B LF Python 310064-bit & 0
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0 Type the following statement, which uses the
type function to retrieve the type of b and the
print () function to display the result.

Press (Z000.

print (type (b))

Q Type the following statement, which uses the
print () statement to display the result of
comparing a and b. Press (2.

print (a == Db)

©) Click Run Python File in Terminal ([>).

The Terminal pane appears.

@ Python displays the object types of a and b. Each
object is of the following type:

<class '_ _main__ .BranchOffice's>

© Python displays False as the result of the
a == b comparison. This indicates that a and b
are not the same object, even though they are of
the same object type. Similarly, if you have two
quarters in your pocket, they are equal in that
they have the same value, but they are separate
coins, not the same coin.
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class

@ class ® &[} v M -
Users > guy > Dropbox > TYV_Python > Code > Classes > # class >

1 class BranchOffice:

2 pass

3 a = Branch0ffice()

4 b = BranchOffice()

5 print(type(a))

6 print(typc(b])ﬁ 1

8 print{a == b)

Ln8, Col1 Spaces:4 UTF-8 LF Python 3.10.064-bit & 0

class

@ class X B~ M -
Users > guy > Dropbox > TYV_Pythen > Code > Classes > % class >

1 class BranchOffice:

pass
a = BranchOffice()
b = BranchOffice()
print(type(a)) -
print(type(b))
print{a == b)

WU s WN

PROBLEMS ~ OUTPUT  TERMINAL  DEBUG CONSOLE

B python-guy +~ M @ ~ x

guy@ac-Pro-3 ~ % fusr/local/bin/python3 /Users/quy/Dropbox/TYV_Python/Code/Classes/

class
<class '__main__.BranchOffice'>
<class '__main__.BranchOffice's
False

quy@ac-Pro-3 ~ % ||

Ln8, Col1 Spaces:4 UTF-8 LF Python 3.10.064-bit & 0

What does comparing the a object and the b object prove?

Checking whether a == b — in other words, whether a is equal to b — enables you to see that these two
objects created from the same class are not identical. If you compare a to itself — for example,
print (a == a) — Python returns True; likewise if you compare b to itself.
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Understanding Class and Instance Attributes

nce you have created a class, Python enables you to set two types of attributes related

to it: class attributes and instance attributes. In this section, you learn the difference
between class attributes and instance attributes and how to create both types. You also learn
about the init () method of the class object, a special method that runs automatically when
you create a new instance from a class, and the self keyword, which Python uses to refer in code
to an object itself.

Given that a class is a template that defines an object type and that an instance of a class is an object that
uses that class as its template, you can quickly grasp the difference between class attributes and instance
attributes.

e (lass attribute. A class attribute applies to the class as a whole, so every instance of the class has the
same information for the attribute. Any changes you make to the attribute apply to the entire class. You
can access a class attribute either through the class itself or through any instance of the class.

¢ Instance attribute. An instance attribute applies only to a particular instance of a class, not to the class
as a whole. Any changes you make to an instance attribute are confined to that instance. You can access
the attribute only through that instance.

Understanding How You Set Class Attributes

To set a class attribute, you place a statement in the class definition block. After the class header and
indented by four spaces as usual, you create a variable for the attribute and then assign the appropriate
data to it.

For example, the following statements show the Branchoffice class header followed by a statement that
creates the variable company and assigns to it a company name.

class BranchOffice:
company = "CheeseWheat Associates"
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Understanding How You Set  Class header
Instance Attributes \

To set an instance attribute, you ~ Class BranchOffice:

use the init () method of O000def  init  (self, address, manager)
the class object. After the class ‘

header, and indented by four Four spaces of def __init () self Instance

spaces, place the header for the indentation keyword  method name keyword attributes

__init__ () method. The header

consists of the def keyword, the init () name, the self parameter, and the name of each instance
attribute you want to set. For example, the following method header provides the names address and
manager:

class BranchOffice:
def  init (self, address, manager) :

The self parameter refers to the current instance of the class — the instance that is being initialized by
the init () method. The word self is the default term for this parameter, and it is usually easiest to
use self. However, you can use a different word instead of self if you prefer. No matter which word you
use, you must supply it as the first parameter of any function you define in the class.

After specifying the names of the instance attributes in the init () method header, you can set the
values for these attributes, as in the following example:

class BranchOffice:
def init (self, address, manager) :
self.address = address
self .manager = manager
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Set Class and Instance Attributes

In this section, you extend the BranchOffice class by setting class attributes and instance
attributes for it. To set the class attributes, you include statements in the class definition block.
To set the instance attributes, you add code for the class’s _init () method. The method’s name
has two underscores before it and two after it.

The class attributes for the BranchOffice class are company and sector. The instance attributes
for the instances of the BranchOffice class are manager, street, city, state, and zip.

Set Class and Instance Attributes

0 In Visual Studio Code, open the script you created soe ‘0
earlier. #oess  x Be @ -
Users > guy > Dropbox » TYV_Python » Code > Classes » ® class »
-cli ] o 1 class BranchOffice:
Q Double. click the pass statement in line 2 to e seheat Aosociatest g
select it, and then type over it the following sector = “food science” 7

statement, which creates the variable company
and assigns to it the company name. Press (=1 ].

5 a = BranchOffice()
6 b = BranchOffice()
7 print(type(a))

8 print(type(b))
9
')

company = "CheeseWheat Associates" print{a == b)

1

Note: When you replace the pass statement, make
sure you maintain the indentation for the company
statement.

e Type the following statement, which creates the
variable sector and assigns a string to it.

Press (=00
sector = "food science"
Ln4,Col9 Spaces:4 UTF-8 LF Python 3.10.0 64-bit & [
Q Type the following statement, which uses the def soe o=
keyword to create the _init () method for the ok X CRRuEE
class. The statement gives self as the required first B
argument and adds five instance attributes: city, 2 company = “CheeseWheat Associates"
3 sector = "food science"
street, state, Zip, and manager. Press :] 4 def __init_ (self, city, street, state, z-p,@ |
manager):
def  init (self, city, street, Z self.city = CitV@
state, Zip, manager) : 7 a = Branch0ffice()
8 b = Branchoffice()
Note: Type two underscores before init and two 9 print(type(a))
. 10 print{(type(b))
after it. 11 print{a == b)

a Type the following statement, which assigns to
the city attribute of the self object the value
passed by the city argument in the call to
initialize the class. Press (501

self.city = city

268 ®0 A Ln6, Col9 Spaces:4 UTF-8 LF Python 3.10.064-bit & 0



@ Type the following four statements, which
similarly populate the street, state, zip, and
manager attributes of the se1f object. Press
(510 at the end of each line.

self.street = street
self.state = state
self.zip = zip

self .manager = manager

0 Click inside the parentheses of the a =
BranchOffice () statement, and then type in
strings for the five instance attributes.

a = BranchOffice ("Arcata", "442 Front",
"CA", "95521-1111", "Aurora Smith")

Note: You do not need to provide a value for the
self attribute.

Q Repeat step 7 for the b = Branchoffice ()
statement:

b = BranchOffice("Blythe", "6 Lincoln",
"CA", "92225-1234", "Art Kimura")

Q Select the five print () statements, and then
type over them the five following statements,
pressing (5] at the end of each line:

print (a.manager)
print (a.street)
print (a.city)
print (a.state)
print(a.zip)

@ Click Run Python File in Terminal ([>).
The Terminal pane opens.

@ Python displays the information from the instance
attributes of the a object.

CHAPTER

12

@ class ® B~ M -

Working with Classes

eoce class

Users > guy > Dropbox > TYV_Python > Code > Classes > ® class >
1 class BranchOffice:

company = "CheeseWheat Associates"

sector = "food science"

def __init__ (self, city, street, state, zip,

manager) :

5 self.city = city

6 self.street = street *

7 self.state = state

8 self.zip = zip

9

Q

1

ENTNN]

self.manager = manager@
a = BranchOffice("Arcata", "442 Front", "CA"@

'95521-1111", "Aurora Smith")|
12 b = Branch0ffice()
13 print(type(a))
14  print{type(b))
15 print{a == b)

% class X

Users > guy > Dropbox > TYV_Python > Code > Classes > @ class »
g

5 self.city = city

6 self.street = street

7 self.state = state

8 self.zip = zip

9 self.manager = manager

10

11 a = BranchOffice("Arcata", "442 Front", "CA",

"95521-1111", "Aurora Smith")

12 b = BranchOffice("Blythe", "6 Lincoln",
'92225-1234", "Art Kimura")

13 print(a.manager)

14 print(a.street)

15 print{a.city)

16 print(a.state)

17 print(a.zip]|

Twﬂ‘(, U

PROBLEMS ~ OUTPUT  TERMINAL  DEBUG CONSOLE Python-guy +~ [ W ~ X
guy@ac-Pro-3 ~ % /usr/lacal/bin/python3 /Users/guy/Dropbox/TYV_Python/Code/Classes/
class

Aurora Smith

442 Front

Arcata
CA

95521-1111
guy@ac-Pro-3 ~ % []

Ln17 Col13 Spaces:4 UTF-8 LF Python 3.10064-bit & 0O

Must I assign an initial value to a class
attribute?

Yes, each class attribute must receive an initial
value. But you can assign None as an initial value if
you do not have an actual value to assign.

How do I return a class attribute?

Use the class name, a period, and the attribute
name. For example, print (BranchOffice.
company) displays the company attribute of the
BranchOffice class.
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Grasp Class, Instance, and Static Methods

method is a unit of code that performs an action on an object. A method is similar to a function,

but it is bound to a particular object rather than being globally available. Python enables you to
create and use three different types of methods within a class: class methods, instance methods, and
static methods. In this section, you learn how these three types of methods work and how they differ
from each other. You also learn how and when to use each type of method.

A class can contain class methods, instance methods, and static methods. You create any methods needed
when you define the class, including the methods’ code as part of the class definition.

Class Methods

A class method belongs to the class object that declares it. A class method can access only data within the
class itself, not data within any particular instance of the class. A class method can change the data in the
class.

You would create a class method to take action in the class, such as changing the class’s state.

Instance Methods

An instance method belongs to a particular instance created from the class object that declares the method.
An instance method can access data within that instance, but it cannot access data within other instances
created from the same class object. An instance method can also access data within the class itself by using
the self. class  attribute.

You would create an instance method to take action within a particular instance of the class, accessing data
from within the class itself if necessary.

Static Methods

A static method is bound to the class that declares it but cannot change the data in the class; it also cannot
access, let alone change, the data in an instance based on the class. A static method is similar to a function
except that it belongs to the class’s namespace and becomes available only when you create the class.

You would create a static method to add functionality that was needed only when the class or an instance
of the class was active and that did not require access to the data of either the class or the instance.
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Which Type of Method Should You Use in Your Classes?

Generally speaking, instance methods are the most widely useful of the three types of methods bound to
classes, because an instance method can manipulate data either in its own instance or in the class on which
the instance is based. By contrast, a class method can manipulate data only in its own class; and a static
method cannot even access data within its own class, though it can perform other actions freely.

When you create a method inside a class definition, Python makes the method an instance method by
default. You can change the method to a class method or an instance method if necessary.

The following sections show you how to create and call instance methods, class methods, and static
methods.

Create an Instance Method

To create an instance method, you place code inside the class definition. The first line of the instance
method is the method head, which consists of the def keyword, the method name, parentheses containing
the required parameter self and any other parameters, and a colon. For example, the first of the following
statements starts the class definition, the second is a comment, and the third contains the method header
for an instance method called getManagerName:

class BranchOffice() :
# the def _ init  function appears here
def getManagerName (self) :

After the method header, you include the statements for the method, indented by four spaces. Here is an
example:

class BranchOffice() :
# the def  init  function appears here
def getManagerName (self) :
mgr = f£"{self.city} Office Manager: {self.manager}"
return mgr

Call an Instance Method

You can call an instance method only from an instance of the class. For example, the first of the following
statements creates a variable named ¢ and assigns to it an instance of our Branchoffice class. The
second statement calls the getManagerName () method and displays the resulting information.

¢ = BranchOffice("City of Industry", "1810 Elm", "CA", "91748-0019", "Ri Zhang")
print (c.getManagerName () )

continued P>
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Grasp Class, Instance, and Static Methods (continued)

ython provides two different ways of creating class methods and static methods. The first way is

to use the eclassmethod decorator for a class method or the estaticmethod decorator for
a static method. The second way is to use the classmethod () method or the staticmethod ()
method. Both ways work, and you should know how to use them, because you may encounter them
in code. However, the classmethod () method and staticmethod () method are considered
“un-Pythonic,” and using the decorators is considered better practice.

Create a Class Method

To create a class method, you place code inside the class definition, as for an instance method. But before
the method header for the class method, you place the @eclassmethod decorator. This decorator tells
Python to turn the method into a class method.

For example, the first of the following statements starts the class definition, and the second is a comment,
as before. The third statement supplies the @classmethod decorator. The fourth statement is the method
header for the showClassInfo method. The fifth line is the method’s only statement, setting it to return
a string including self.company, the company attribute of the class object.

class BranchOffice() :

# the def  init  function appears here
@classmethod
def showClassInfo(self) :

return "Company Name: " + self.company

You can also create a class method by using the classmethod () method to return a class method from
an instance method. For example, if you have created an instance method called info () in the
BranchOffice class, you can create a class method of info () like this:

BranchOffice.info = classmethod (BranchOffice.info)
You can then call the info () method through the Branchoffice class like this:

BranchOffice.info ()

Call a Class Method
You can call a class method either from the class itself or from an instance of the class.

From the class, use the class name followed by a period and the method name, like this:
print (BranchOffice.showClassInfo())

From an instance of the class, use the instance name followed by a period and the method name. For
example, if you have created an instance called c, you can call the class method like this:

print (c.showClassInfo())
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Create a Static Method

You create a static method in a similar way to a class method: You place the method’s code inside the class
definition, but you precede it with the @estaticmethod decorator, which tells Python to turn the method
into a static method.

For example, the first statement shown in the following code block starts the class definition, the second
contains a comment, and the third provides the @staticmethod decorator. The fourth statement is the
method header for the cm2cf method, which returns the approximate number of cubic feet for the number
of cubic meters specified by the m3 parameter. The fifth line is the method’s only statement, setting it to
return m3 multiplied by 35. 3, the number of cubic feet in a cubic meter.

class BranchOffice() :
# the def _ init  function appears here
@staticmethod
def cm2cf (m3) :
return m3 * 35.3

As with a class method, you can create a static method by using the staticmethod () method to return a
static method from an instance method. For example, if you have created an instance method called
convert () in the BranchOffice class, you can create a static method of convert () like this:

BranchOffice.convert = staticmethod (BranchOffice.convert)

Call a Static Method

To call a static method, you call it either via the class name and the method name or via the object name
and the method name.

For example, say you have instantiated an object called officel of the Branchoffice class. The class
includes the static method jp. You can call the static method via the class like this:

BranchOffice.jp ()
Or you can call the static method via the object like this:

officel.jp()
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Create an Instance Method

In this section, you create an instance method called getInfo ()in the Branchoffice class. This
instance method pulls information from the instance’s attributes, such as the city attribute and
the manager attribute, so that it can return an f-string containing information about the branch
office the instance represents.

In an instance method, the first parameter refers to the instance itself. The default term for this
parameter is self; it is generally easiest and clearest to use self, but you can use a different term
instead if you prefer.

Create an Instance Method

0 In Visual Studio Code, open the Python script for your class.  [2=° % i
Q Click the line after the end of the _init () method, T roas Branchor e R G
. . 2 company = "CheeseWheat Associates"
press (1" to apply a four-space indent, and type the following 3 | sectors ot i )
. . 4 def __init__(self, city, street, state, zip, manager):
statement, which declares the getInfo () method and gives s setfcity = city
it the required self parameter. Press (2. . , selfstate = state -
d f tI f ( lf) 9 self:manager = man.
e ge nro(se : 10 def getInfn(selfi:Q
11 br = {
. . . 12 f'{self.city} Office\n\n"
Python automatically indents the next line one step further. 5 ’ 0
14 a = BranchOffice("Arcata", "442 Front", "CA", "95221-1111",
: : . “Aurora Smith")
e Type the following statement, which creates the variable 15 b e BranchOffica("Blythet, "6 Lincola, "CAY, "92225-1234,
. . . . . “Art Kimura")
br and begins assigning to it a group of f-strings that pull 1 print(a.nanager)
. . . . . . . 17  print(a.street)
information from the instance attributes and combine it with 1 printla.cit)
. . 19  print(a.state
static text. Press (2] at the end of each line. % print (a.zip)
br = (
fr{self.city} Office\n\n" — _
e Type the following three statements, which add to the group s iy > Dropbe > T pyon > Codl > Clasae >  lees - &
. 10 def getInfo(self):
of f-strings: 1 br = (
12 f'{self.city} Office\n\n"
f'"Manager: {self.manager}\n\n" It ftanagers {se -ensgernmn’
£ { self.street } \1’1" :Z ) ' {self.city}, {self.state} {setf.zip}@
fr{self.city}, {self.state} {self.zip}" . “t“’""r@
) 19 a = BranchOffice("Arcata", "442 Front", "CA", "95221-1111", T
"Aurora Smith")
. 20 b = BranchOffice("Blythe", "6 Lincoln", "CA", "92225-1234",
e Press :] to unindent one step, and then type the p P imet) m‘@
following return statement, which returns br:
return br MOSLENS  OUTAUT  TEWINAL  DEBUG cONSoLE D ron-an ++ 0 @~ x
. e -3 ~ % Jusr/local/binfpythond /Users/guy/Dropbox/TH_Python/Code/Classes/classd
Select the five print () statements, and type the o
following print () statement over them: L s

Ln2,Col19 Spaces:4 UTF-8 LF Python 310.064-bit & 0 |

print (a.getInfo())

@ Click Run Python File in Terminal ([>). The Terminal pane opens.

@ Python displays the branch office information.
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n this section, you create a class method called showClassInfo () in the BranchOffice class.
This class method returns the class’s company attribute and sector attribute and places them in
an f-string that it returns to the code that called it.

To create the class method, this section uses the @classmethod decorator rather than the
classmethod () method. The first parameter in the class header refers to the class itself. This
section uses the default term for this parameter, self, but you can use a different term if you like.

0 In Visual Studio Code, open the Python script for se s mﬁﬂ

@ classs 3 x be @

yOUf' CI.aSS. Users > guy > Dropbax > TYV_Pythan > Code » Classes > # class5 > i3 BranchOffice > @ showClassinfo

1 class BranchOffice:

a Click after the sector = "food science" line, and é e e e e |
then press (5] to create a new line.

e a Class Method

classmethod
def shanlassInFn(self):@
6 [
. 7 def __init__(self, city, street, state, zip, manager):
€© Type the following eclassmethod decorator, and then I ey
9 self.street = street
pI’ESS :]: 10 self.state = state
11 self.zip = zip
@classmethod E s self.ma;\::i;: manager
14 br = (
Q Type the following method header, and then press (=10 . e
17 f'{self.street}\n"
g .city}, {self. 3 {self.zip}"
def showClassInfo(self): . ) st etneate et
20 return br
. . . . . M
Visual Studio Code indents the next line automatically. 2 s = Branchoreice(Arcata®s 442 Front?, *C% *SSZZI-TAE", “Aurora
Smith")
e Type the following two statements, which create 5 b = BranchOficel"Blyihe, S Lincola’, "CA', "I,
a variable named ci and assign to it the class’s 4 print(a-getinfo())

LnG, Col9 Spaces:d UTF-8 LF Python 310064-bit & 0O

company attribute and sector attribute plus some

linking text. Press (Z107. e &D 5

Users > guy > Dropbox > TYV_Python > Code > Classes > @ cla:
i = 6 = self.

ci = self.company + ", a " 7 Cim i+ selfisector s * e 5 )

ci = ci + self.sector + " trendsetter" B&'EFW ol ) )
9 def __init_ (self, city, street, state, zip, manager):

. . 10 self.city = city
@ Type the following statement, which ends the method 1 self.street = street

12 self.state = state

and returns ci. Press (Z.. 2 et ey

self.manager = manager
. 15 def getInfo(self):

return ci 16 br=¢

17 f'{self.city} Office\n\n"
. . . 18 f"Manager: {self.manager}\n\n"
At the end of the script, edit the print () statement 1 Fiselt. streeth\n" i
. 20 f'{self.city}, {self.state} {self.zip}"

to the following: 2 )

22 return br
. . 23
prlnt (Branchofflce .showClassInfo () ) 24 a = BranchOffice("Arcata", "442 Front", "CA", "95221-1111", "Aurora

Smith")
25 b = BranchOffice("Blythe", "6 Lincoln", "CA", "92225-1234", "Art

Q Click Run Python File in Terminal ([>). Kinura®)

26 print(Branch0ffice. shawclassInfo()Jl

The Term'lnal_ pane openS. PROBLEMS ~ OUTPUT  TERMINAL  DEBUG CONSOLE (] Python - guy Mm@ ~x
A Q:y@‘l;ﬁ;??’:—: ~% /:sr.‘mc:u:uvnymmz /uicr’i/gwluropnaxln’v}y(nan/cuuctllasses/cmsss
© The class method displays the class information. Y v — 128 Colse e 4T3 UF i 3100540t 7.
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Create a Static Method

In this section, you create a static method in the Branchoffice class. The method is called
cm2cf () and converts cubic meters to cubic feet. The method takes a single argument, m3, which
gives the number of cubic meters, and returns the corresponding number of cubic feet. Because a
static method accesses neither the class nor any instance of it, it does not use the self parameter.

This section uses the @staticmethod decorator rather than the staticmethod () method to tell
Python to create the static method.

\ Create a Static Method

0 In Visual Studio Code, open the Python script for your class. B¢ ‘“‘Q [
@ Click on the blank line following the return br 1 bttticn
statement at the end of the getInfo () method, and 2 | B
then press (-] to indent the line by one step. | ey s
7 ci = ¢l o self.sector « " trendsetter"
. ] return ci
e Type the following estaticmethod decorator, and then 3 | ot nisctemit stty, atrocts stote, o, smmpels
press (Z0100: AR |
13 self.zip = zip
@staticmethod || seitimeser = saouper
16 br=(
Q Type the following method header, and then press (=10 ): H PE it
d f 2 f ( 3) ;‘E‘ ;"f::::::::}{.;ﬂhs!al:} {self.zip}"
e cmzcC m : 2 ]
et br
Python indents the next line by another step. ezs ;""l":’"'i '0
26 = GranchOffice(“Arcata®, “442 Front®, “CA", “95221-1111%, “Aurora
e Type the following return statement, which returns a Faa— e e e
string including the m3 value multiplied by 35.3 and (T o -
lightly rounded. Press (Z1°3 twice. s - e 0 . 7

ef cmde t
etul tr{round(m3 = 35.3, 1)) + * cubic fne:'@
ice("Arcata™, "442 Front™, “CA", "95221-1111", ora

27 b = BranchOffice("Blythe”, “6 Lincoln™, “CA*, “02235-1734", “Art

return str(round(m3 * 35.3, 1)) + %
" cubic feet"

Kimura")
G At the end of the SCI’]pt, Change the prlnt ( ) 28 :;.'::lr:i':\:"-;:'\"-l'_:c.c'|2(l'II:.cs‘hrl:u:{"Enter the nusber of (uouﬂ

statement to the following, which prompts the user to
enter the number of cubic meters, converts the resulting
string to a float, passes it to the cm2cf method, and
displays the result.

print (BranchOffice.cm2cf (float (input
("Enter the number of cubic meters: "))))

0 Click Run Python File in Terminal ([>).

The Terminal pane opens.

Q Type the input number and press (=11
© The result appears.
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his section presents the code for the class you have created in this chapter. The class starts

with the class definition (A), followed by statements defining the class attributes company
(B) and sector (C). The @classmethod decorator (D) precedes the showClassInfo () class
method. The init () method (E) declares and populates variables for each new instance of the
class. The getInfo () instance method (F) displays information about a particular instance. The @
staticmethod decorator (G) introduces the cm2cf () static method, which converts cubic meters
to cubic feet. The code then instantiates two instances (H) of the class, and the print () statement
(I) displays information.

wclass BranchOffice:

company = "CheeseWheat Associates'%
sector = "food science"
@classmethod
def showClassInfo(self):
ci = self.company + ", a
ci = ci + self.sector + " trendsetter"
return ci
&def __init__(self, city, street, state, zip, manager):
self.city = city
self.street = street
self.state = state
self.zip = zip
self.manager = manager
&def getInfo(self):
br = (
f'{self.city} Office\n\n"
f"Manager: {self.manager}\n\n"
f'{self.street}\n"
f'{self.city}, {self.state} {self.zip}"

)
return br
staticmethod
def cm2cf(m3):
return str{round(m3 % 35.3, 1)) + " cubic feet"
a = BranchOffice("Arcata", "442 Front", "CA", "95221-1111",
“"Aurora Smith")
b = BranchOffice("Blythe", "6 Lincoln", "CA", "02225-1234",
"Art Kimura")
%print{BranchOffice.cm2cf(float(input("Enter the number of

cubic meters: "))))
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A

a mode, 96
a+ mode, 96
abs () function, 166, 168
accessing
contents of imported modules, 45
data in lists, 244-245
adding
comments to code, 42-43
else blocks, 225, 229
finally blocks, 225, 229
items
to lists, 240-241
to tuples, 65
key/value pairs to dictionaries, 254-255
adjusting
order of operations, 113
order of precedence using parentheses, 115
string capitalization, 200-203
aiter () function, 168
algorithms, 4
alias, importing modules/objects under an, 46
all() function, 168

American Standard Code for Information Interchange (ASCII),
183

AND (&) operator, 120, 126
anext () function, 168

any () function, 168

Append and Read Mode, 96, 107
append () method, 239, 240-241
Append Mode, 96

appending data to files, 106-107
applying themes, 22-23

Arch, 15

arithmetic operators, 112-115
arrays, compared to lists, 237

ASCII (American Standard Code for Information Interchange),
183

ascii () function, 168

AssertionError, 222
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assigning values to variables, 53
assignment operators, 116-117

Atom, 19

AttributeError, 222

Auto Save feature (Visual Studio Code), 33
auto saving, in Visual Studio Code, 27
AutoComplete list, 35

B

backslash, 83, 185

basename () method, 95

bin () function, 168, 170, 171

binary strings, 171

bitwise operators, 126-127

bool () function, 62-63, 74, 75, 168
Boolean values, 62-63

braces ({}), 206-207, 212-213, 217, 248, 250
break statement, 145, 149, 151, 154, 155
breakpoint () function, 168

build types, 7

built-in functions, 168-171

byte code, 220

bytearray () function, 168

bytes () function, 168

C
C programming language, 54
callable () function, 168
calling
class methods, 272
instance methods, 271
static methods, 273
capitalization
of classes, 263
of strings, 200-203
capitalize () method, 188

carriage-return characters, creating multiline strings using,
187

casefold () method, 188, 203
center () method, 188, 189



changing
order of operations, 113
order of precedence using parentheses, 115
string capitalization, 200-203
character codes, 183
character sets, 183
chdir () method, 82-83, 92
child directory, 78
chr () function, 75, 168
class attributes
about, 266-267
returning, 269
setting, 268-269
class methods
about, 270
calling, 272
creating, 272, 275
classes and instances
about, 57, 262
class attributes, 266-269
class methods, 270-273
code for classes, 277
creating
class methods, 275
classes, 262, 264-265
instance methods, 274
static methods, 276
instance attributes, 266-267
instance methods, 270-273

instantiating instances,
264-265

setting class and instance attributes,
268-269

static methods, 270-273
classmethod () function, 168, 272, 275
cleaning up strings, 192-193
clear () method, 239, 242-243, 251, 256
close () method, 97, 100-101
closing files manually, 97
cm2cf () method, 276

code editors
about, 16

compared with integrated development environments
(IDEs), 17

entering comments in, 41
examples of, 19
recommended, 19
coding
adding comments to code, 42-43
for classes, 277
commenting out the code, 41
comments, 40-43
creating scripts in Visual Studio Code, 32-33
executing commands in Terminal window, 38
importing modules/objects, 44-49
main () function, 30-31
methods of modules, 48-49
repetitive code, 37
running
code in Visual Studio Code, 34-37
scripts in Terminal window, 39
saving scripts in Visual Studio Code, 32-33
writing code in Visual Studio Code, 34-37
collections, displaying, 73
colon (:), 131, 164
command line, launching scripts via, 31
commenting out the code, 41
comments, 40-43
comparison operators, 118-119
compile () function, 168
compile-time errors, 220
complex () function, 75, 168
computing platform, 4
concatenating
integers, 197
strings, 196-197
+ operator, 59
configuring Visual Studio Code, 26-27
\ (continuation) character, 40
continue statement, 145, 156-157
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continuing loops, 145
converting
binary strings to decimal values, 171
data types, 74-75
hexadecimal strings to decimal values, 171
octal strings to decimal values, 171
copy () method, 90, 239, 251, 253
copying files and directories, 88-91
copytree () method, 90
count () method, 188, 190, 239, 244-245
creating
class methods, 272, 275
classes, 262, 264-265
comments using # character, 40
custom exceptions, 232-233
dictionaries
about, 250
from existing iterables, 252-253
directories, 84-87
empty tuples, 65
functions
with no parameters and no returns, 176
with no parameters but returns, 174-175
with optional parameters, 178-179
with parameters and returns, 172
with parameters but no returns, 173
that return multiple values, 177
if statements, 133
if...elif statements, 137
if...elif...else statements, 139
if...else statements, 135
instance methods, 271, 274
instances of classes, 263
lists, 238
for loops, 148-149
multiline strings, 186-187
nested if statements, 141
nested try. . .except blocks, 230-231
numeric for loops using range () function, 147
scripts
about, 58-59
in Visual Studio Code, 32-33
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sets with contents, 67

single-line strings, 184-185

static methods, 273, 276

strings
about, 182, 204-209
using .format method, 212-213
using f-strings, 214-215
using interpolation operator, 210-211
using template strings, 216-217

variables, 53

while loops, 152-153

cross-platform programming, 4

D
data
appending to files, 106-107
writing to files, 102-103
Data section, in files, 79
data types
about, 54-55
converting, 74-75
for default values, 179
exception, 57
instance, 57
mapping, 56
numeric, 54-55
sequence, 55
set, 56
day_ of week () function, 167
%d operator, 211
Debian-based distributions, 15

decimal values, converting binary, octal, or hexadecimal
strings to, 171

deduplicate, 243

def keyword, 164, 165

default values, data types for, 179

definite iteration, using for loops for, 144
delattr () function, 168

deleting directories, 84-87

development build, 7

development tools, for Python, 16-19
dict data type, 56



dict () function, 75, 168
dictionaries
about, 248-249
adding key/value pairs to, 254-255
creating
about, 250
from existing iterables, 252-253
for loops that iterate through, 149
formatting strings with, 209
methods for, 251
removing key/value pairs from, 256-257
returning
keys and values from, 258-259
values, 250
working with, 72-73
dir () function, 47, 168
directories. see files and directories
directories and files
about, 78-79
appending data to files, 106-107
checking file status, 100-101
closing files, 97, 100-101
copying, 88-91
creating
directories, 84-87
files, 98-99
deleting directories, 84-87
file structure, 79
listing, 80-81
loading os module, 80-81
modules for working with, 79
moving, 88-91
navigating directories, 82-83
open () function, 96
opening files
about, 98-99
for reading and writing, 104-105
reading text files, 108-109
renaming, 88-91
splitting file paths, 94-95

system information, 92-93

user information, 92-93

writing data to files, 102-103
directory path, 78
dirname () method, 95
disabling path length limit, 11
displaying

collections, 73

information using print () function, 171
distributions, 4
division (/) operator, 115
divmod () function, 168
domain-specific programming language, 4
double quotes, 69
downloading

Python on Windows, 8-11

Visual Studio Code, 20-21
duplicate values, 236
dynamic typing, 52

elements, 66
else blocks, adding, 225, 229

else statements, in loops,
158-159

encode () method, 188, 189
ending for loops, 149
End-of-file marker, in files, 79
endswith () method, 188, 190
engineers, as Python users, 5
entering
comments in code editors, 41
comments in IDEs, 41
comments in Terminal windows, 41
enumerate () function, 168

environment variables, returning
information using, 93

EOFError, 222
= operator, 116
equal to (==) operator, 118
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error handling
adding
else blocks, 229
finally blocks, 229
causing errors, 226-227
creating
custom exceptions, 232-233
nested try. . .except blocks, 230-231
error types, 220-221
identifying common errors, 222-223
raising exceptions manually, 228
trapping exceptions, 226-227
try...except block, 224-225
escape character, 83
eval () function, 168
exception data type, 57
exceptions
creating custom, 232-233
raising manually, 228
trapping, 225, 226-227
exec () function, 168
exiting loops early using break statements, 155
expandtabs () method, 189
expanduser () method, 82-83, 92
explicit conversion, 74
extend () method, 239, 240-241
extensions, for Visual Studio Code, 24-25

F
Fedora, 15
file paths, splitting, 94-95
FileExistsError error, 85
files and directories
about, 78-79
appending data to files, 106-107
checking file status, 100-101
closing files, 97, 100-101
copying, 88-91
creating
directories, 84-87
files, 98-99
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deleting directories, 84-87
file structure, 79
listing, 80-81
loading os module, 80-81
modules for working with, 79
moving, 88-91
navigating directories, 82-83
open () function, 96
opening files

about, 98-99

for reading and writing,
104-105

reading text files, 108-109

renaming, 88-91

splitting file paths, 94-95

system information, 92-93

user information, 92-93

writing data to files, 102-103
filter () function, 168
finally blocks, adding, 229
find () method, 188, 189, 198-199
float data type, 54
float () function, 75, 168
floating-point numbers

storing, 54

troubleshooting, 115

working with, 60-61
FloatingPointError, 222
floor division, 112
folder path, 78
folders. see files and directories
for loops

creating, 148-149

ending, 149

how they work, 146-147

using for definite iteration, 144
format () method, 168, 188, 189
.format method

building strings using, 212-213

formatting strings using,
206-207



format_map () method, 189
formatting

strings, 204-205

strings using . format method, 206-207

strings using f-strings, 207-209

strings using template strings, 209
from. . .import statement, 44
fromkeys () method, 251, 252-253
frozenset () function, 169
f-strings

about, 204

building strings using, 214-215

formatting strings using, 207-209
function description, 164
function name, 164
functions

abs (), 166, 168

aiter (), 168

all(), 168
anext (), 168
any (), 168

ascii(), 168

bin(), 168, 170, 171

bool (), 62-63, 74, 75, 168

breakpoint (), 168

built-in, 168-171

bytearray (), 168

bytes (), 168

callable(), 168

chr (), 75, 168

classmethod (), 168, 272, 275

compile (), 168

complex (), 75, 168

creating
with no parameters and no return, 176
with no parameters but a return, 174-175
with optional parameters, 178-179
with parameters and returns, 172
with parameters but no returns, 173
that returns multiple values, 177

day of week(), 167

delattr (), 168

dict (), 75, 168
dir(), 47, 168
divmod (), 168
enumerate (), 168
eval (), 168
exec (), 168
filter(), 168
float (), 75, 168
frozenset (), 169
getattr (), 169
globals (), 167, 169
hasattr (), 169
hash (), 169
help(), 169

hex (), 75, 169, 170, 171
id(), 122, 123, 169
input (), 58-59, 164, 169, 170
int (), 58-59, 74, 75, 115, 169, 171
isinstance (), 169
issubclass (), 169
iter(), 169

len(), 169, 191

list (), 75, 169, 170
locals (), 169

main (), 30-31

make title(), 201-202
map (), 169

max (), 169
memoryview (), 169
min (), 169
mkdir (), 84-87
next (), 169

object (), 169

oct (), 75, 169, 170, 171

open (), 79, 96-109, 169, 170

ord (), 75, 170

parameters and returns, 166-167

pow (), 170

print (), 53, 58-59, 150, 154, 164, 167, 170, 171, 277
property (), 170

range (), 147, 170

repr (), 170
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functions (continued)

G

reversed (), 170
round (), 170

set (), 67, 75, 170
setattr (), 168, 170
slice(), 170
sorted (), 170, 171
staticmethod (), 170, 276
str(), 68-69, 75, 170
sum (), 170
super (), 170

syntax, 164-165
tuple (), 75, 170
type (), 170

zip (), 170

general-purpose programming language, 4
generating

class methods, 272, 275
classes, 262, 264-265
comments using # character, 40
custom exceptions, 232-233
dictionaries

about, 250

from existing iterables, 252-253
directories, 84-87
empty tuples, 65
functions

instances of classes, 263
lists, 238
for loops, 148-149
multiline strings, 186-187
nested if statements, 141
nested try. . .except blocks, 230-231
numeric for loops using range () function, 147
scripts
about, 58-59
in Visual Studio Code, 32-33
sets with contents, 67
single-line strings, 184-185
static methods, 273, 276
strings
about, 182, 204-209
using . format method, 212-213
using f-strings, 214-215
using interpolation operator, 210-211
using template strings, 216-217
variables, 53
while loops, 152-153
GeneratorExit, 222
get () method, 251
getattr () function, 169
getcwd () method, 80
getInfo () method, 274, 277
getpass module, 92
Getting Started screen (Visual Studio Code), 23
getuser () method, 92

with no parameters and no returns, 176
with no parameters but returns, 174-175
with optional parameters, 178-179
with parameters and returns, 172
with parameters but no returns, 173
that return multiple values, 177
if statements, 133 H
if...elif statements, 137 hasattr () function, 169
if...elif...else statements, 139 hash () function, 169
if...else statements, 135 Header section, in files, 79
instance methods, 271, 274 help () function, 169

glob () method, 80

glob (Global) module, 79

globals () function, 167, 169

greater than (>) operator, 118

greater than or equal to (>=) operator, 118
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hex () function, 75, 169, 170, 171
hexadecimal strings
converting to decimal values, 171
returning, 171
high-level programming language, 54
home directory, returning, 92
HOME variable, 93

I
id () function, 122, 123, 169
identity operators, 122-123
IDLE app, 9, 18
if statements
about, 30-31, 130-132
creating, 133
if...elif statement, 136-137
if...elif...else statement, 138-139
if...else statement, 134-135
nested, 140-141
if...elif statement, 130, 136-137
if...elif...else statement, 130, 138-139
if...else statement, 130, 134-135
immutable data, 55
implicit conversion, 74
import statement, 44, 79
import sys command, 81
ImportError, 222
importing
modules, 44-48
objects, 44-48
scripts, 31
in operator, 124
indefinite iteration, using while loops for, 144-145
IndentationError, 223
index () method, 189, 198-199, 239, 244-245
indexed lists, 236
IndexError, 222
infinite loops, 151
infinite while loops, 153
__init__ () method, 266-267, 268-269, 277
input () function, 58-59, 164, 169, 170

insert () method, 239
installing
Python
on Linux, 14-15
on Macs, 12-13
on Windows, 8-11
Visual Studio Code
about, 20-21
extensions for, 24-25
on Linux, 21
on mac0S, 21
instance attributes
about, 266-267
setting, 268-269
instance data type, 57
instance methods
about, 270
calling, 271
creating, 271, 274
instances. see classes and instances
instantiating instances, 264-265
int data type, 54
int () function, 58-59, 74, 75, 115, 169, 171
integer division, 112
integers
concatenating, 197
storing, 54
working with, 58-59
integrated development environments (IDEs)
about, 9, 17
compared with code editors, 17
entering comments in, 41
examples of, 18
recommended, 19
Interactive Interpreter, importing scripts into, 31
interpolation operator
building strings using, 210-211
formatting strings using, 204-205
interrupting
infinite while loops, 153
loops, 145
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i0S, 5

iPad0s, 5

is not operator, 122, 123

is operator, 122, 123

isabls () method, 95

isalnum() method, 140, 188, 190
isalpha () method, 140, 188
isascii () method, 140, 188
isdecimal () method, 188
isdigit () method, 188
isfile () method, 82-83
isidentifier () method, 188
isinstance () function, 169
islower () method, 188, 190
isnumeric () method, 140, 188, 190
isprintable () method, 188
isspace () method, 140, 188
issubclass () function, 169
istitle() method, 188
isupper () method, 188, 190, 200-203
items () method, 251, 258-259
iter () function, 169

join () method, 189
joining strings using concatenation operator, 196

K

KeyboardInterrupt, 222

KeyError, 222

keys () method, 258-259

key/value pairs
adding to dictionaries, 254-255
removing from dictionaries, 256-257
returning from dictionaries, 258-259

L

LANG variable, 93

launching
scripts via command line, 31
Visual Studio Code, 22-23
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leading spaces, 192
len () function, 169, 191
less than (<) operator, 118
less than or equal to (<=) operator, 118
Linux
about, 5
installing
Python, 14-15
Visual Studio Code on, 21
updating Python, 15
versions for, 7
list data type, 55
list () function, 75, 169, 170
listdir () method, 80
lists
about, 236-237
accessing data in, 244-245
adding items to, 240-241
compared to arrays, 237
compared to sets, 237
compared to tuples, 237
creating, 238
creating for loops that use, 148
of files and directories, 80-81
locating items in, 244-245
methods for, 239

of methods/variables in modules/
objects, 47

removing items from, 242-243
sorting items in, 246-247
using for loops with, 146-147
working with, 70-71

1just () method, 189

loading os (Operating System) module, 80-81

locals () function, 169

logical errors, 221

logical operators, 120-121

LOGNAME variable, 93

loops
for, 146-149
about, 144-145



break statements in, 154-155
continue statements in, 156-157
else statements in, 158-159
infinite, 151
nesting, 160-161
while, 150-153
lower () method, 188, 203
low-level programming language, 54
lstrip() method, 189

M
mac0S
about, 5
installing Visual Studio Code on, 21
versions for, 7
Macs
installing Python, 12-13
updating versions on, 13
main () function, 30-31
makedirs () method, 84-87
make title() function, 201-202
maketrans () method, 189
map () function, 169
mapping data type, 56
mathematicians, as Python users, 5
max () function, 169
members, 66
membership operators, 124-125
MemoryError, 222
memoryview () function, 169
methods
about, 270
append (), 239, 240-241
basename (), 95
capitalize (), 188
casefold(), 188, 203
center (), 188, 189
chdir (), 82-83, 92
for checking/changing case, 188
clear (), 239, 242-243, 251, 256
close (), 97, 100-101
cm2cf (), 276

copy (), 90, 239, 251, 253
copytree (), 90

count (), 188, 190, 239, 244-245
for dictionaries, 251
dictionary, 251
dirname (), 95
encode (), 188, 189
endswith (), 188, 190
expandtabs (), 189
expanduser (), 82-83, 92
extend (), 239, 240-241
find (), 188, 189, 198-199
for finding within strings, 189
format (), 168, 188, 189
.format, 206-207, 212-213
format_map (), 189
fromkeys (), 251, 252-253
get (), 251

getcwd (), 80
getInfol(), 274, 277
getuser (), 92

glob (), 80

index (), 189, 198-199, 239, 244-245
insert (), 239
isabls (), 95
isalnum(), 140, 188, 190
isalpha (), 140, 188
isascii (), 140, 188
isdecimal (), 188
isdigit (), 188
isfile(), 82-83
isidentifier(), 188
islower (), 188, 190
isnumeric (), 140, 188, 190
isprintable (), 188
isspace (), 140, 188
istitle (), 188
isupper (), 188, 190, 200-203
items (), 251, 258-259
join(), 189
keys (), 258-259

for laying out strings, 189
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methods (continued)
listdir(), 80
listing in modules/objects, 47
for lists, 239
ljust (), 189
lower (), 188, 203
lstrip(), 189
makedirs (), 84-87
maketrans (), 189
of modules, 48-49
move (), 90, 91
partition(), 189, 192
pop (), 239, 242-243, 251, 256
popitem(), 251, 256
read (), 104-105
readable (), 105
reload (), 47
remove (), 88, 239, 242-243
rename (), 88
replace (), 188, 189
for returning information about strings, 188
reverse (), 239, 246-247
rfind (), 189, 198-199
rindex (), 189
rjust (), 189
rmdir (), 86-87, 88
rmtree (), 86
rpartition (), 189
rsplit (), 189
rstrip(), 189
seek (), 104-105
seekable (), 105
setdefault (), 251, 254-255
showClassInfo(), 275
shutil.copy (), 89
shutil.copyfile (), 89
sort (), 239, 246-247
split (), 94-95, 189
splitext (), 94-95
splitlines(), 189
startswith (), 188
string, 188-189
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strip(), 189
swapcase (), 188
title(), 188, 200-203
today (), 167
for transforming strings, 189
translate (), 189
update (), 251, 254-255
upper (), 188
values (), 251, 258-259
writable (), 105
write (), 102-103, 104-105
z£i11 (), 188, 189, 193
min () function, 169
mkdir () function, 84-87
modifying
order of operations, 113
order of precedence using parentheses, 115
string capitalization, 200-203
ModuleNotFoundError, 222
modules
importing
about, 44-48
under an alias, 46
objects from, 45
scripts into, 31
listing methods/variables in, 47
methods of, 48-49
reloading, 47
unimporting, 49
for working with files and directories, 79
modulus, 112
move () method, 90, 91
moving files and directories, 88-91
multiline strings
creating, 186-187
creating informal comments using, 40
mutable dictionary, 248
mutable lists, 236

N

NameError, 222
navigating directories, 82-83



nested if statements, 140-141

nested try. . .except blocks, creating, 230-231
nesting loops, 145, 160-161

new-line characters, creating multiline strings using, 187
next () function, 169

not equal to (!=) operator, 118

not in operator, 124

NOT (~) operator, 120, 126
NotImplementedError, 222

numeric conditions, while loop using, 150
numeric data types, 54-55

0

object () function, 169
objects
importing
about, 44-48
under an alias, 46
from modules, 45
listing methods/variables in, 47
unimporting, 49
oct () function, 75, 169, 170, 171
octal strings
converting to decimal values, 171
returning, 171
OLDPWD variable, 93
open () function, 79, 96-109, 169, 170
opening
files, 98-99

files for reading and writing,
104-105

operating system
determining, 92
verifying, 81

operations, order of, 113

operators
arithmetic, 112-115
assignment, 116-117
bitwise, 126-127
comparison, 118-119
identity, 122-123

logical, 120-121
membership, 124-125
OR (|) operator, 120, 126
ord () function, 75, 170
order of operations, 113
ordered data, 55
ordered dictionary, 248, 249
ordered lists, 236
os (Operating System) module, 79, 80-81, 88, 90, 93
OSError, 222

OverflowError, 222

P
parameters
about, 164
creating functions
with no returns and no, 176
with no returns but, 173
with optional, 178-179
with returns and, 172
with returns but no, 174-175
function, 166
parent directory, 78
parentheses, changing order of precedence using, 115

Parentheses, Exponentiation, Multiplication, Division,
Addition, and Subtraction (PEMDAS), 112, 113

partition () method, 189, 192
PATH variable, 11

PEMDAS (Parentheses, Exponentiation, Multiplication,
Division, Addition, and Subtraction), 112, 113

+ operator, 116

+= operator, 116

pop () method, 239, 242-243, 251, 256
popitem () method, 251, 256

pow () function, 170

print () function, 53, 58-59, 150, 154, 164, 167, 170,
171, 277

programming language, 4
property () function, 170
PWD variable, 93

.py file extension, 44
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PyCharm, 18
Python
about, 4-5
applying themes, 22-23
choosing versions, 6-7
configuring Visual Studio Code, 26-27
development tools for, 16-19
downloading
Visual Studio Code, 20-21
on Windows, 8-11
installing
on Linux, 14-15
on Macs, 12-13
Visual Studio Code, 20-21
Visual Studio Code extensions, 24-25
on Windows, 8-11
launching Visual Studio Code, 22-23
upgrading on Windows, 11
Python Software Foundation (website), 5

Q

quotes
about, 69
creating multiline strings using triple, 186
inside strings, 185

R

r mode, 96
r+ mode, 96
range data type, 55
range () function, 147, 170
Read and Write Mode, 96, 108
read () method, 104-105
Read Mode, 96, 108
readable () method, 105
reading
opening files for writing and, 104-105
text files, 108-109
ReferenceError, 222
release candidates, 7
reload () method, 47
reloading modules, 47
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remove () method, 88, 239, 242-243
removing

items
from lists, 242-243
from tuples, 65
key/value pairs from dictionaries, 256-257
rename () method, 88
renaming files and directories, 88-91
repeating strings, 196-197
repetition, nesting loops to create complex, 145
repetition operator, 197
repetitive code, 37
replace () method, 188, 189
repr () function, 170
return statement, 164, 165
returning
binary strings, 171
class attributes, 269
hexadecimal strings, 171
home directory, 92
information about strings, 190-191
information using environment variables, 93
keys from dictionaries, 258-259
octal strings, 171
parts of strings via slicing, 194-195
username, 92
values, 250
values from dictionaries, 258-259
returns
about, 164
creating functions
with no parameters and no, 176
with no parameters but, 174-175
with parameters and, 172
with parameters but no, 173
function, 166
reverse () method, 239, 246-247
reversed () function, 170
rfind () method, 189, 198-199
rindex () method, 189
rjust () method, 189
rmdir () method, 86-87, 88



rmtree () method, 86
round () function, 170
rpartition () method, 189
rsplit () method, 189
rstrip () method, 189
running
code in Visual Studio Code, 34-37
scripts
about, 58-59
in Terminal window, 39
runtime errors, 220

RuntimeError, 222

S

saving scripts in Visual Studio Code, 32-33

scientists, as Python users, 5
scripts
creating, 58-59

creating in Visual Studio Code, 32-33

importing
about, 31
scripts into other, 31
launching via command line, 31
running
about, 58-59
in Terminal window, 39
saving in Visual Studio Code, 32-33
seek () method, 104-105
seekable () method, 105
self keyword, 266-267
semantic errors, 221
sequence data type, 55
set data type, 56
set () function, 67, 75, 170
setattr () function, 168, 170
setdefault () method, 251, 254-255
sets
compared to lists, 236, 237
working with, 66-67
setting
class attributes, 268-269
instance attributes, 268-269

SHELL variable, 93

showClassInfo () method, 275

shutil (Shell Utility) module, 79, 87, 88, 90, 91
shutil.copy () method, 89
shutil.copyfile () method, 89

signed right shift (>>), 126

single quotes, 69

# (single-line) character, 40, 43

single-line strings, creating, 184-185

slice () function, 170

slicing, returning parts of strings via,
194-195

sort () method, 239, 246-247
sorted () function, 170, 171
sorting items in lists, 246-247
split () method, 94-95, 189
splitext () method, 94-95
splitlines () method, 189
splitting file paths, 94-95
stable build, 7
startswith() method, 188
statements
about, 164
break, 145, 149, 151, 154, 155
continue, 145, 156-157
else, 158-159
from. . .import, 44
if...elif, 130, 136-137
if...elif...else, 130, 138-139
if...else, 130, 134-135
import, 44, 79
return, 164, 165
static methods
about, 270
calling, 273
creating, 273, 276
static typing, 52
staticmethod () function, 170, 276
Stoplteration, 223
storing
floating-point numbers, 54
integers, 54
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str data type, 55
str () function, 68-69, 75, 170
strings
about, 182-183
backslash inside, 185
building
about, 182
for loops that iterate through, 148-149
using . format method, 212-213
using f-strings, 214-215
using interpolation operator, 210-211
using template strings, 216-217
checking/changing capitalization of, 200-203
cleaning up, 192-193
concatenating, 196-197
formatting
about, 204-205
using . format method, 206-207
using f-strings, 207-209
using template strings, 209
multiline, 186-187
quotes inside, 185
repeating, 196-197
returning
information about, 190-191
parts of, via slicing, 194-195
searching for strings inside other, 198-199
single-line, 184-185
strings, 204-209
tools for manipulating, 183
transforming, 192-193
working with, 68-69
strip () method, 189
Sublime Text, 19
sum () function, 170
sunsetting, 6
super () function, 170
SUSE, 15
swapcase () method, 188
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syntax errors, 220-221
SyntaxError, 223
sys module, 92
SystemError, 223
SystemExit, 223

systems, getting information about,
92-93

T

TabError, 223
template strings
about, 204
building strings using, 216-217
formatting strings using, 209
Terminal app, 12-13
Terminal window
Ctrl + Cin, 153
executing commands in, 38
running scripts in, 39
text
building strings
with . format method, 212-213
with f-strings, 214-215
with interpolation operator, 210-211
with template strings, 216-217
changing string capitalization, 200-203
checking string capitalization, 200-203
cleaning up strings, 192-193
concatenating strings, 196-197
creating
multiline strings, 186-187
single-line strings, 184-185
repeating strings, 196-197
returning
information about strings, 190-191
part of strings via slicing, 194-195

searching for strings inside other strings,
198-199

string methods, 188-189
strings, 182-183



tools for building strings, 204-209
transforming strings, 192-193
text files, reading, 108-109
themes, applying, 22-23
Thonny, 18
title() method, 188, 200-203
today () method, 167
tools
for building strings, 204-209
for manipulating strings, 183
trailing spaces, 192
transforming strings, 192-193
translate () method, 189
trapping exceptions, 225, 226-227
troubleshooting floating-point numbers, 115
try...except block, 224-225, 230-231
tuple data type, 55
tuple () function, 75, 170
tuples
compared to lists, 236, 237
empty, 65
working with, 64-65
.txt file extension, 78
type command, 53, 264-265
type () function, 170
TypeError, 223

U
UnboundLocalError, 223
Unicode Transformation Formats (UTF), 183
UnicodeDecodeError, 223
UnicodeEncodeError, 223
UnicodeError, 223
UnicodeTranslateError, 223
unimporting modules/objects, 49
update () method, 251, 254-255
updating

Python on Linux, 15

versions on Macs, 13

Visual Studio Code, 27

upgrading Python on Windows, 11
upper () method, 188
USER variable, 93

username, returning, 92

users, getting information about,
92-93

'/

ValueError, 223

values
assigning to variables, 53
returning, 250

values () method, 251, 258-259

van Rossum, Guido, 7

variables
about, 52-53
assigning values to, 53
Boolean values, 62-63
converting data types, 74-75
creating, 53
data types, 54-57, 74-75
dictionaries, 72-73
floating-point values, 60-61
formatting strings with, 208
integers, 58-59
listing in modules/objects, 47
lists, 70-71
sets, 66-67
strings, 68-69
tuples, 64-65

verifying
file status, 100-101
operating system, 81

string capitalization,
200-203

versions, 81

versions
choosing, 6-7
updating on Macs, 13
verifying, 81
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Visual Studio Code
about, 19
Auto Save feature, 33
auto saving in, 27
configuring, 26-27
creating scripts in, 32-33
downloading, 20-21
installing
about, 20-21
extensions for, 24-25
on Linux, 21
on mac0S, 21
launching, 22-23
running code in, 34-37
saving scripts in, 32-33
updating, 27
writing code in, 34-37

w

w mode, 96
w+ mode, 96
web developers, as Python users, 5
websites
Atom, 19
IDLE app, 18
PyCharm, 18
Python Software Foundation, 5
Sublime Text, 19
Thonny, 18
Visual Studio Code, 20
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while loops
how they work, 150-151
using for indefinite iteration, 144-145
Windows
about, 5
downloading Python, 8-11
installing Python, 8-11
upgrading Python, 11
versions for, 7
Windows path, 11
Wolfram Mathematics, 4
writable () method, 105
Write and Read Mode, 96
write () method, 102-103, 104-105
Write Mode, 96
writing
code in Visual Studio Code, 34-37
data to files, 102-103
opening files for reading and, 104-105

X

x mode, 96
XOR (") operator, 126

Z

zero-based numbering, 71
ZeroDivisionError, 223
zero-fill left shift (<<), 126
z£i11 () method, 188, 189, 193
zip () function, 170
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