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Chapter 1

Getting Started

Although graphical user interfaces are omnipresent in today’s technology,
command-line interfaces were the predominant method of interaction during the
early stages of computing. In graphical user interfaces, it is customary to utilize
a mouse to interact with icons or windows in order to accomplish various tasks.
In contrast, command-line interfaces necessitate more keyboard-based interaction.
To provide a comprehensive definition of a command-line interface, it is first
necessary to explore the fundamental concepts of consoles, terminals, terminal
emulators, and shells.

1.1 Console

The console, also referred to as a system console, computer console, root console,
or operator’s console, has a long and storied history that dates back to the early
days of computing. Historically, a console was a hardware component that allowed
users to interact with a computer, as depicted in Figure 1.1.1

This image shows that the control unit of the IBM 1620 computer is made up of
two main components. On the left is the front panel where the operator works, as
seen in Figure 1.2. On the right, there is a typewriter. The control unit allows
operators to input text or instructions, which the computer then reads or executes
as per their input.
The introduction of computers has led to the evolution of the console from a hard-
ware concept to a software concept. Consequently, the console has taken on a new
name: the virtual console. This virtual console is distinct and separate from the
physical console hardware. By observing the Linux system’s boot process, one can
easily observe that after the computer’s hardware self-test, once the boot loader
takes control, the system soon enters the system console. During this process, the
Linux system boot information is typically displayed, as shown in Figure 1.3.2

1https://en.wikipedia.org/wiki/System_console#/media/File:IBM_1620_Model_1.jpg
2https://en.wikipedia.org/wiki/Linux_console#/media/File:Knoppix-3.8-boot.png

1

https://en.wikipedia.org/wiki/System_console#/media/File:IBM_1620_Model_1.jpg
https://en.wikipedia.org/wiki/Linux_console#/media/File:Knoppix-3.8-boot.png
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Figure 1.1: Console of the IBM 1620 Model 1

Figure 1.2: Operator console panel of the IBM 1620 Model 1
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Figure 1.3: Linux virtual console

1.2 Terminal

Similar to a console, a terminal was initially a computer hardware device. In terms
of appearance, the terminal resembled a combination of the display screen and
keyboard that we use today. The terminal allowed users to input commands and
data into the computer system. It also displayed the outcome of the computer’s
processing to the user. Figure 1.4 depicts the widely popular DEC VT100 termi-
nal.3

It may seem puzzling why terminal devices originally emerged. However, when
considering their origins, it becomes clear that this innovation was largely driven
by necessity. When computers first emerged, they were incredibly costly and inac-
cessible to the general public. Computers were often only found in large commercial
establishments or university research institutions. As a result, terminals were de-
veloped to enable the sharing of computing resources. With the passage of time
and advancements in technology, terminals eventually became obsolete. However,
they were later revived in a modern form, now referred to as terminal emulators
or virtual terminals.

3https://en.wikipedia.org/wiki/Computer_terminal#/media/File:DEC_VT100_terminal.
jpg

https://en.wikipedia.org/wiki/Computer_terminal#/media/File:DEC_VT100_terminal.jpg
https://en.wikipedia.org/wiki/Computer_terminal#/media/File:DEC_VT100_terminal.jpg
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Figure 1.4: DEC VT100 terminal

1.3 Terminal Emulator

A terminal emulator is a software application that replicates the functionality of a
physical terminal device. These programs can also display complex terminal fea-
tures, such as escape sequences used for managing text color and cursor placement,
similar to those found in traditional terminals. One popular example of a termi-
nal emulator in Linux is shown in Figure 1.5, which depicts Xterm, a widely used
terminal application.

Regardless of whether you operate on Linux, macOS, or Windows, numerous ter-
minal emulator options are currently available. A selection of well-known terminal
emulators for each of these three operating systems is listed below.
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Figure 1.5: Xterm terminal emulator

1.3.1 Linux

• Xterm4: Xterm is the standard terminal emulator for the X Window System,
providing features similar to those found on DEC VT102 and Tektronix 4014
terminals, with added support for ISO/ANSI color modes.

• GNOME Terminal5: GNOME Terminal serves as the primary terminal ap-
plication within the GNOME desktop environment. It offers functionalities
comparable to those of Xterm. In addition to these capabilities, the appli-
cation also provides support for multiple configurations, tab management,
mouse events recognition, and several other notable features.

• Konsole6: Konsole is the standard terminal application in the KDE desk-
top environment. It offers several useful features such as tabbed terminals,
multiple user profiles, a bookmarking function, and a search option.

• rxvt-unicode7: rxvt-unicode, which was originally derived from rxvt, includes
support for Unicode characters and offers a wide range of customization op-
tions. Furthermore, rxvt-unicode provides daemon mode and embedded Perl
programming capabilities, making it a versatile terminal emulator and the
preferred choice of the author.

• kitty8: Kitty is a fast and feature-rich terminal emulator that utilizes a graph-
ics processing unit (GPU). It provides support for graphics, emojis, and hy-

4https://invisible-island.net/xterm/
5https://gitlab.gnome.org/GNOME/gnome-terminal/
6https://kde.org/applications/system/konsole/
7http://software.schmorp.de/pkg/rxvt-unicode.html
8https://sw.kovidgoyal.net/kitty/

https://invisible-island.net/xterm/
https://gitlab.gnome.org/GNOME/gnome-terminal/
https://kde.org/applications/system/konsole/
http://software.schmorp.de/pkg/rxvt-unicode.html
https://sw.kovidgoyal.net/kitty/
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perlinks. Furthermore, kitty offers a comprehensive window management
system, allowing users to organize their workspace into tabs, splits, and mul-
tiple layouts. Additionally, kitty is scriptable and can be extended using
the Python programming language, providing users with a high degree of
customization.

1.3.2 macOS

• Terminal: The Terminal application is the default terminal emulator that
comes pre-installed with macOS. Although it has limited features, two of its
most notable functions are the ability to set the TERM environment variable
and a built-in search function that can be used to locate user manuals, also
known as Man pages.

• iTerm29: iTerm2 is a highly sought-after, open-source alternative to the de-
fault terminal on macOS, boasting an array of impressive features such as
window splitting, auto-completion, mouseless copying and pasting, and a
rich history of pasted commands, among others. As a macOS user, you may
find iTerm2 to be an indispensable terminal emulator that is sure to exceed
your expectations.

1.3.3 Windows

• Mintty10: Mintty is a terminal emulator that supports multiple environments,
including Cygwin, MSYS, and Windows Subsystem for Linux (WSL). It is
compatible with Xterm, offering features such as 256-color and true-color
support, as well as Unicode and Emoji compatibility.

• ConEmu11: ConEmu is a highly popular, open-source terminal emulator de-
signed for Windows, which features a tabbed interface, multiple graphic win-
dow modes, and user-friendly text block selection.

1.4 Shell

The shell is a command interpreter that reads, parses, and executes user input
commands. In addition to interacting directly with users, modern shells also pos-
sess programming capabilities, supporting basic programming elements such as
variables, arrays, functions, loops, and conditional statements.
The term “shell” originates from its position as the outermost layer of the operating
system, relative to the Unix and Linux core, or kernel. This also means that the
shell serves as a user interface to access system services, playing a crucial role in
interacting with the kernel, as illustrated in the accompanying Figure 1.6.

9https://www.iterm2.com/
10https://mintty.github.io/
11https://conemu.github.io/

https://www.iterm2.com/
https://mintty.github.io/
https://conemu.github.io/
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Figure 1.6: The shell and the kernel
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During the development of Unix and Linux, numerous shells have emerged, with
some notable examples including sh, csh, ksh, bash, and zsh.

1.4.1 sh

The sh, also known as the Bourne Shell, was the default shell for the seventh
edition of Unix. The sh was developed by Stephen Bourne at Bell Labs and was
released in 1979. Its popularity significantly increased following the publication of
“The Unix Programming Environment,” which was written by Brian Kernighan
and Rob Pike.

The Bourne Shell has been largely replaced by later versions of shells, and on
modern Linux systems, sh is usually a symbolic link to a compatible shell. For
instance, on the Debian 12 system used by the author of this book, sh is equivalent
to dash.

root@toydroid:~# ls -l /bin/sh
lrwxrwxrwx 1 root root 4 Jan 24 2017 /bin/sh -> dash

On the author’s other system, which runs Arch Linux, the command sh actually
refers to the Bash shell.

root@codeland:~# ls -l /bin/sh
lrwxrwxrwx 1 root root 4 Feb 7 15:15 /bin/sh -> bash

1.4.2 csh

The C-shell (csh), which was developed by Bill Joy, was widely distributed via the
Berkeley Software Distribution (BSD). Modeled after the C programming language,
the C-shell was designed to provide C programmers with a familiar interface, in-
corporating several user-friendly interactive elements. A number of its innovative
features, including command history, aliases, directory stacks, filename completion,
and job control – which were ultimately adopted by other shells – originated from
the C-shell.

The tcsh, an enhanced version of csh, is currently the default shell used in FreeBSD.

1.4.3 ksh

The KornShell, commonly referred to as ksh, was developed by David Korn and
initially released in 1983. It is compliant with the POSIX standard and offers
backward compatibility with the Bourne Shell, incorporating several features from
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the C-shell. A significant feature of the KornShell is the option to use either vi or
Emacs command-line editing modes, enabling users to operate in their preferred
way. Furthermore, the Korn Shell includes the feature of associative arrays.

KornShell was initially distributed as a proprietary software, so its widespread
adoption was limited. As a result, alternative versions emerged, including Public
Domain KornShell (pdksh) and MirBSD KornShell (mksh), the latter of which
eventually became the default shell on Android.

1.4.4 bash

Bash originated as part of the GNU Project, with the primary objective of replacing
the Bourne Shell. Brian Fox developed the initial version, which was first released in
1989. Over time, Bash has gained immense popularity and has become the default
shell for the majority of Linux distributions. In addition, with the introduction
of the Windows Subsystem for Linux (WSL), Bash can now also be installed and
utilized on Windows 10.

The name “bash” stands for Bourne-again shell, an acronym derived from the
words “bourne” and “again” and the abbreviation “sh” for shell. It follows POSIX
standards and incorporates features from various shells, such as sh, csh, and ksh.

1.4.5 zsh

The Z-Shell, commonly referred to as Zsh, was first developed by Paul Falstad
and made available in 1990. This powerful shell has significantly expanded upon
the functionality of the Bourne Shell by incorporating features from various other
shells, including tcsh, ksh, and bash.

In terms of interactive user experience, Zsh truly excels. For example, it supports
option completion for commands and allows for customizable right-side prompts,
as shown in Figure 1.7.

This book primarily concentrates on Bash and Zsh, which are currently the two
most widely used shells.

1.5 Command-Line Interface

Users input instructions through a Command-Line Interface (CLI). After submit-
ting a command, the shell assumes responsibility for interpreting and executing
the instruction.

In contrast to CLI, GUI stands for Graphical User Interface, which uses graphical
means to enable user-computer interaction. Given its ease of use, modern operat-
ing systems, including Linux, macOS, and Windows, all provide a graphical user
interface.
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Figure 1.7: Right prompt in Zsh

Just because a graphical user interface is generally more user-friendly than a
command-line interface, it does not mean we should completely abandon the
command-line interface. In fact, experienced users often excel in using the
command-line interface due to several advantages.

1.5.1 Powerful Functionality

Let’s take a look at an example:

xiaodong@codeland:~$ history |
awk '{CMD[$2]++;count++;}END \
{ for (a in CMD)print CMD[a] " " \
CMD[a]/count*100 "% " a;}' |
grep -v "./" |
column -c3 -s " " -t |
sort -nr |
nl |
head -n10

After running this command on the author’s macOS system, the output is as fol-
lows:

1 1348 14.3771% cd
2 1034 11.0282% l
3 838 8.93771% git
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4 569 6.06869% ssh
5 513 5.47142% cat
6 405 4.31954% vim
7 372 3.96758% brew
8 360 3.83959% scp
9 265 2.82637% rm

10 264 2.8157% grep

This command, despite appearing intimidating due to the use of seven commands,
including history, awk, grep, column, sort, nl, and head, connected by the pipe
symbol (|), yields a fascinating result. It statistically analyzes all the commands
you have executed in the command line and displays the top 10 most frequently
used commands, along with their usage counts and corresponding percentages.

The pipe symbol enables the output of the previous command to be used as in-
put for the next command, allowing seemingly unrelated commands to collaborate
seamlessly, much like building with blocks. This is where the true power of the
command line lies.

1.5.2 Flexible and Efficient

Let’s consider another example. Suppose we want to find photos taken in
March from the photos directory and save their file names to a text file called
mar_photos.txt. In a graphical user interface, we might open a file manager
(such as GNOME Files on Linux or Finder on macOS). We would navigate to
the photos directory and switch to detailed view mode. Then, we would carefully
scan through the files and identify the photos we need. Now, how would we write
the file names to the text file? We could type them out manually or use copy and
paste to save some effort. However, if we have many files to find, this would be a
laborious task.

However, if we’re working from the command line, we can accomplish this with a
simple command:

xiaodong@codeland:~$ cd photos; \
ls -l | grep 'Mar' | awk '{ print $9 }' > mar_photos.txt

1.5.3 Can Be Automated

Using the command line also has the benefit of allowing us to automate various
operations. The shell enables us to compile our commands into functions or scripts,
which not only can be executed repeatedly but also work more efficiently than
manual inputs.
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xiaodong@codeland:~$ ./script.sh

1.6 How to Enter the Command Line

From the previous descriptions, you should now understand that the interface where
we input commands is provided by the shell. How do we execute the shell? There
are two ways to access the command line, as shown below.

1.6.1 Enter the Command Line Through the Console

To conserve system resources, Linux servers typically do not come with a graphical
user interface. After booting up, you will enter the command-line interface after
logging in by inputting your username and password at the console prommpt.

login:
Password:

As an ordinary user, you typically use a Linux desktop system with a graphical
user interface. Once it’s launched, you’re taken directly to the desktop. To access
the console, follow these steps:

1. Press Ctrl + Alt + F1 to access console number 1.

2. Use the keyboard shortcut Ctrl + Alt + F2 to switch to console number 2.

3. Following suit, you can enter the 3rd, 4th, 5th, and 6th consoles in sequence.
By default, Linux typically provides six consoles.

4. To switch back to the desktop from the console, simply press Ctrl + Alt +
F7.

If we lose our bearings in the console jungle, we can use the tty command to
determine which console we are currently using.

1.6.2 Access the Command Line Through the Terminal Em-
ulator

Another way to access the command-line interface is by using a terminal emulator.
The choice of terminal emulator program varies depending on the operating system
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being used. As the author of this book, I personally prefer to use rxvt-unicode on
Linux and iTerm2 on macOS.

In general, terminal emulator programs are tied to the system’s login shell (or
default shell). Some terminal emulators provide the ability to change the shell,
allowing users to conveniently choose their preferred shell. If the shell cannot be
changed directly from the terminal program, it can also be altered using the chsh
command. For instance, to change the default shell to zsh, the following command
can be executed:

xiaodong@codeland:~$ chsh -s /bin/zsh

To determine the current shell you’re using, simply run the command echo
$SHELL.

1.7 Hello, the Command Line

In “The C Programming Language”, the first program introduced by the authors
Brian W. Kernighan and Dennis M. Ritchie is to display the message “Hello world”
on the screen. To illustrate the use of the command line, we will also display a
similar message - “hello, the command line”.

When we enter the console or open a terminal emulator, we typically see a
command-line interface similar to the one shown in Figure 1.8.

Figure 1.8: Command line interface

From Figure 1.8, we can see that a typical command-line interface usually consists
of the following components:

1. The name of the currently logged-in user, which in this case is xiaodong.

2. codeland is the hostname, consistent with the output of hostname -s.

3. The current working directory, with ~ representing the user’s home di-
rectory, which corresponds to /home/<username> on Linux systems and
/Users/<username> on macOS.
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4. The $ symbol represents the command prompt. Typically, the command-
line prompt for regular users differs from that of the superuser (root), for
example, in Bash, the default prompt for the root user is #.

5. The command to be executed, in this case, echo -e "\tHello, command
line", includes not only the echo command itself but also its options (-e)
and parameters (\tHello, command line)). Options and parameters of a
command are typically enclosed in quotes (") to prevent ambiguity due to
special characters such as spaces. Both single quotes (') and double quotes
(") can be used, but they have different semantic implications.

In addition to these five parts, we can also see characters like @, :, and spaces in
this command prompt. The @ symbol is used to separate the username from the
hostname, similar to how it is used in email addresses. The colon : serves as a
prompt. Spaces are commonly used to separate command options and arguments.
It’s worth noting that the command prompt can be customized, so your interface
may differ from the one presented here.

Now, please follow along and enter echo -e "\tHello, command line" after the
command prompt ($ or #). If you make a mistake while typing, don’t panic; simply
press the Backspace or Delete key to delete the error and re-enter the correct
text. When you’ve finished entering all the characters, press the Enter key.

What did you discover? The command line echoed a message ‘hello, command line’
back to us. Furthermore, the \t in the echo command parameters produced a tab
character in the output, resulting in an indentation effect.

xiaodong@codeland:~$ echo -e "\tHello, command line"
Hello, command line

Congratulations. You’ve just successfully executed a command in the terminal.
Doesn’t it feel less daunting than you imagined? In the following chapters, we’ll
show you how to use the command line more efficiently, thereby boosting your
productivity.



Chapter 2

Magical Auto-Completion

If you’ve written code before, you’ve probably heard of “code completion.” This
feature is a staple in popular code editors and IDEs (Integrated Development En-
vironments) and is widely appreciated by developers. The shell completion I’m
about to discuss is similar in concept. I’m confident that once you’ve learned
about the topics covered in this chapter, you’ll grow to love it. First, we’ll explore
what auto-completion entails, then examine how to trigger it, and finally delve into
the various types of auto-completion, including file and path names, program and
command names, usernames, hostnames, and variable names, before introducing
programmable completion.

2.1 What Is Auto-Completion

Looking back, the feature I wanted to learn first when studying the command
line is definitely auto-completion. Why do I say that? Because auto-completion
allows us to input just the beginning of a command or filename and have the shell
automatically complete the rest. For those who despise typing lengthy commands
or file names, auto-completion is a veritable godsend. By significantly streamlining
input and saving time, auto-completion greatly boosts our operational efficiency.

To illustrate what is meant by auto-completion, let’s consider an example. Suppose
I wanted to type a complete command line directly in Bash:

xiaodong@codeland:~$ ls -l reallylongname.txt

to view the information about the text file reallylongname.txt.

Then I entered the input:

15
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xiaodong@codeland:~$ ls -l r

I press the Tab key, and Bash auto-completes the rest of the file name for me.

xiaodong@codeland:~$ ls -l reallylongname.txt

Now let’s try the same task with Bash. By leveraging the power of Bash, I saved
17 keystrokes. Isn’t that a refreshing experience?

Let’s take another example:

xiaodong@codeland:~$ ls -l f

Next, press Tab key, and Bash auto-completes the file.

xiaodong@codeland:~$ ls -l file

Next, I press Tab key twice in a row. At this point, Bash displays a list of 5 files
that can be completed automatically.

xiaodong@codeland:~$ ls -l file
file1 file2 file3 file4 file5

I enter 1 to complete the Bash auto-completion process.

Comparing these two examples, we can observe that if the initial characters we
enter are unique, Bash automatically completes the remaining content. On the
other hand, if the characters are not unique, a list of candidate completions is
provided. However, this requires us to press the Tab key twice in a row, which can
be a bit tedious.

Below we optimize the Bash automatic completion configuration to make it more
user-friendly. Open the ~/.inputrc file using a text editor (create one if it doesn’t
exist) and add the following content:

# completion
set show-all-if-ambiguous on
set visible-stats on
set colored-completion-prefix on
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With show-all-if-ambiguous enabled, you can view the list of completion can-
didates by pressing Tab key only once. The visible-stats option explains
the type of each candidate by adding indicator symbols to the end of each list
item, such as @ for symbolic links, / for directories, and so on. Finally, the
colored-completion-prefix option highlights the prefix characters in color. The
effect is shown in Figure 2.1.

Figure 2.1: Bash autocomplete configuration results

2.2 Trigger Auto-Completion with Keys

Through these examples, we can also see that to trigger auto-completion, it is
usually just a matter of pressing the Tab key. Both Bash and Zsh use this as their
default setting.

2.3 File Name and Path Name Auto-Completion

The above example shows file name auto-completion in Bash. Below, we’ll take a
look at another example of file name auto-completion in Zsh. Let’s say I type in

xiaodong@codeland:~$ ls -l f

After pressing Tab key, Zsh automatically completed the filename for me.

xiaodong@codeland:~$ ls -l file

I continue by pressing the Tab key, at which point Zsh provides an auto-completion
menu with possible options.

xiaodong@codeland:~$ ls -l file
file1 file2 file3 file4 file5

Pressing Tab key again will allow you to select a specific menu item.
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xiaodong@codeland:~$ ls -l file2
file1 **file2** file3 file4 file5

Then press the Enter key to complete the auto-completion process.

xiaodong@codeland:~$ ls -l file2

Finally, press Enter key again to execute the command.
Have you noticed the difference in auto-completion between Bash and Zsh? While
Bash only provides a list of auto-completion options without allowing us to select
a specific item, Zsh offers more flexibility in this regard. This is another example
of how Zsh outshines Bash in terms of user interaction. Personally, I prefer using
Zsh for this very reason. If you haven’t tried Zsh yet, I highly recommend giving
it a shot.
Talking about alternative completion lists, in Bash, I have a fondness for the short-
cut Alt + ?. After Bash completes file, instead of pressing Tab key, I press Alt
+ ?, and Bash instantly displays a list of alternative completions.

xiaodong@codeland:~$ ls -l file
file1 file2 file3 file4 file5

There is another scenario where we want the shell to disable completion for certain
file types. To achieve this, we can use the FIGNORE variable. In the following
example, I want to view the contents of Welcome.java, so I only want the shell to
complete .java files and exclude .class files.

xiaodong@codeland:~$ cat W
Welcome.class Welcome.java
xiaodong@codeland:~$ cat Welcome.

After assigning the .class extension to the FIGNORE variable, the shell indeed
excluded the .class file type for me.

xiaodong@codeland:~$ FIGNORE='.class'
xiaodong@codeland:~$ cat W<Tab>
xiaodong@codeland:~$ cat Welcome.java

If you want to exclude multiple file types, simply separate them with a colon (:).
For example:
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xiaodong@codeland:~$ FIGNORE='.o:.class'

This tells the shell to exclude .o and .class files from auto-completion. Both
Bash and Zsh currently support FIGNORE.
Path name completion is similar to file name completion, but after completion,
it automatically appends a / (slash) for easier navigation to the next level of the
path. In the following example, while inputting

xiaodong@codeland:~$ cd g

Pressing Tab key again, the shell completes the full name, appending a / at the
end.

xiaodong@codeland:~$ cd guessing_game/

Next, I continue to type s and press Tab key, this time the shell completes the
subdirectory src.

xiaodong@codeland:~$ cd guessing_game/src/

When the initial character is not unique, Bash has the same behavior as file name
completion, where pressing Tab key displays a list of possible completions.

xiaodong@codeland:~$ cd h
hello/ hello_world/
xiaodong@codeland:~$ cd hello

Incidentally, auto-completion is not only useful in command-line interfaces but also
in some graphical applications. For instance, I can use it to open files in GIMP, as
shown in the following Figure 2.2.

2.4 Command Name and Program Name Auto-
Completion

Command completion without options is almost the same as filename completion.
Let’s look at an example. If you’ve seen the movie “The Matrix”, then the following
scene should be very familiar. When I type
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Figure 2.2: Auto-completion of file names in GIMP

xiaodong@codeland:~$ cmat

Pressing Tab key, Bash instantly auto-completes the cmatrix command for me.

xiaodong@codeland:~$ cmatrix

While I’m typing

xiaodong@codeland:~$ cma

I then pressed Tab key, and Bash provided me with a list of alternative completions.

xiaodong@codeland:~$ cma
cmake cmake-gui cmapcube cmark cmark-gfm cmatrix

At this point, you need to enter t again to complete the completion.



2.4. COMMAND NAME AND PROGRAM NAME AUTO-COMPLETION 21

xiaodong@codeland:~$ cmat

What if I enter only c (the first character of a command)

xiaodong@codeland:~$ c

Next, I press the Tab key, and Bash asks me: “Display all 474 possibilities? (y or
n)”. I press y to display them. If I press n, they will not be displayed.

xiaodong@codeland:~$ c
Display all 474 possibilities? (y or n)

Because the list of items available for auto-completion is too long to fit on one
screen, Bash uses the more paginated viewer to display it. Now you can press
Space to flip to the next page, or press q to exit, as shown in Figure 2.3.

Figure 2.3: Command auto-completion candidates

Besides automatically completing command names, the shell can also automat-
ically complete a program’s subcommands, such as status in git status, as
well as command options. However, Bash requires the installation of a separate
bash-completion package, while Zsh does not need an additional package due to
its built-in support for this feature.
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The source code for bash-completion can be found on GitHub1, where you can
learn how to install and configure it.

In Debian or Ubuntu, this can be achieved by executing

xiaodong@codeland:~# apt install bash-completion

to install it.

In addition to installing bash-completion on Fedora, I recommend installing
bash-completion-extras as well.

xiaodong@codeland:~# yum install bash-completion bash-completion-extras

On Arch Linux, you can input

xiaodong@codeland:~# pacman -S bash-completion

to perform the installation.

To configure bash-completion, simply add the following command to your
~/.bashrc (personal) or /etc/bash.bashrc (system-wide) file.

[ -r /usr/share/bash-completion/bash_completion ] \
&& . /usr/share/bash-completion/bash_completion

Before using Zsh’s command completion feature normally, we also need to add the
following content to the ~/.zshrc configuration file:

# completion
autoload -U compinit
compinit -i

Let’s take a look at an example of a command option for auto-completion. I’m
typing:

1https://github.com/scop/bash-completion

https://github.com/scop/bash-completion
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xiaodong@codeland:~$ find -

Immediately press Tab key, and Bash will list the available auto-completion op-
tions. See Figure 2.4 for illustration.

Figure 2.4: Alternate command completion list

I then type ina

xiaodong@codeland:~$ find -ina

And again, press the Tab key, the Bash will auto-complete the -iname option.

xiaodong@codeland:~$ find -iname

The following example demonstrates Bash autocompletion in action. Upon typing

xiaodong@codeland:~$ git in

After that, press Tab key, Bash provides a list of subcommands that can be auto-
matically completed.
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xiaodong@codeland:~$ git in
info init instaweb

Then enter i

xiaodong@codeland:~$ git ini

And when you press Tab key again, Bash will auto-complete the subcommand
init for you. The process is the same for running the git status subcommand.

xiaodong@codeland:~$ git init

In contrast to Bash, Zsh provides a better user experience for command option
completion. In the following example, you will see that Zsh not only lists the
options available for completion but also provides a brief description of each option.
As shown in Figure 2.5, you can also select these list items.

Figure 2.5: Command option auto-completion in Zsh

For subcommands, Zsh provides the same level of completion as it does for com-
mand options.

Furthermore, subcommand and option completion can also be used together. In
the following example, I first completed the subcommand git status, and then
completed the option --verbose.
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xiaodong@codeland:~$ git sta
stash -- stash away changes to dirty working directory
status -- show working-tree status
xiaodong@codeland:~$ git status --v
xiaodong@codeland:~$ git status --verbose

2.4.1 Zsh Auto-Suggestion Plugin

For Zsh users, I highly recommend a useful command auto-suggestion plugin called
zsh-autosuggestions2. This plugin borrows the auto-suggestion feature from the
fish shell, allowing loyal Zsh enthusiasts to enjoy this functionality as well.
Installing zsh-autosuggestions is straightforward – simply clone it from GitHub to
your local machine and refer to zsh-autosuggestions.zsh in your .zshrc, then
reopen your terminal.

xiaodong@codeland:~$ git clone \
https://github.com/zsh-users/zsh-autosuggestions.git \
~/.zsh-autosuggestions
xiaodong@codeland:~$ echo source \
~/.zsh-autosuggestions/zsh-autosuggestions.zsh \
>> ~/.zshrc
xiaodong@codeland:~$ source ~/.zshrc

Below, let’s take a look at how zsh-autosuggestions works. First, I will demon-
strate the behavior without enabling the zsh-autosuggestions plugin. When
typing commands like ls -l and cd hello_world, the only assistance provided is
command completion, and there are no automatic suggestions. However, once the
zsh-autosuggestions plugin is enabled, upon typing ls, a grayed-out suggestion
-la appears automatically. This is because Zsh recalls that I previously entered
the command ls -la, prompting the autosuggestion. This is illustrated in Figure
2.6.

Figure 2.6: Command auto-suggestions in Zsh

At this point, we have two options: one is to press → (right arrow key) to accept
the suggestion, and the other is to continue entering new content, thereby abandon-
ing the suggestion. After entering cd h, Zsh also provides automatic suggestions
ello_world.

2https://github.com/zsh-users/zsh-autosuggestions

https://github.com/zsh-users/zsh-autosuggestions
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2.5 Username, Hostname, and Variable Name
Auto-Completion

In addition to the common filename and command completion, shell auto-
completion also supports other types of completion, fully demonstrating the
versatility of shell auto-completion. Let’s take a look at how shell auto-completes
usernames.

When I input

xiaodong@codeland:~$ ls ~

Following that, I pressed Tab key, and Bash presented me with a list of existing
usernames on the system. As shown in Figure 2.7.

Figure 2.7: Username auto-completion candidates in Bash

I typed x and hit Tab again, and Bash automatically completed the username
xiaodong.

xiaodong@codeland:~$ ls ~x<Tab>
xiaodong@codeland:~$ ls ~xiaodong/

In Zsh, we can see that, unlike Bash, the username completion list has a slightly
different appearance. Bash includes the ~ prefix and a trailing / (forward slash).
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Figure 2.8: Username auto-completion candidates in Zsh

Zsh, on the other hand, only shows the username itself. This is illustrated in the
following Figure 2.8.

If you frequently use ssh to log in to remote machines, hostname auto-completion
will be a helpful feature. Let’s take a look at an example. When I type

xiaodong@codeland:~$ ssh xiaodong@l

After pressing Tab key, Bash displays a list of hostnames that can be auto-
completed.

xiaodong@codeland:~$ ssh xiaodong@l
xiaodong@lab.github.com xiaodong@localhost
xiaodong@linuxtoy.org xiaodong@localhost.localdomain
xiaodong@codeland:~$ ssh xiaodong@l

I then type i and press Tab key, and this time Bash automatically completes the
full hostname linuxtoy.org. Alternatively, you can directly press Tab key after
@ to display a list of all hostnames.

xiaodong@codeland:~$ ssh xiaodong@li<Tab>
xiaodong@codeland:~$ ssh xiaodong@linuxtoy.org
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Not only hostnames, but IP addresses can also be automatically completed. Al-
ternatively, typing ssh l and pressing Tab key allows Bash to auto-complete the
hostname.

xiaodong@codeland:~$ ssh l
lab.github.com linuxtoy.org localhost

By now, you may be wondering where Bash finds these hostnames to auto-complete.
Well, one source is the contents of the /etc/hosts file, and the other is the ssh
configuration file, such as ~/.ssh/config. As shown in Figure 2.9, if you plan
to let Bash auto-complete frequently used hostnames, you might consider adding
them to these two files. Additionally, the ~/.ssh/known_hosts file is also included.
Any hosts that you have logged into via ssh will be included in this file.

Figure 2.9: Sources of auto-completion hostname

The automatic completion feature for hostnames in Zsh is similar to Bash and will
not be discussed here.
Finally, let’s take a look at automatic completion of variable names. When I input

xiaodong@codeland:~$ echo $

Press Tab key again and then press y when prompted, and Bash will display all
available variable names that can be completed. As shown in Figure 2.10.
I then continue typing and press the Tab key to auto-complete the BASH_VERSION
variable.
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Figure 2.10: List of possible variable name completions in Bash

xiaodong@codeland:~$ echo $BASH_VERSION

The auto-completion of variables in Zsh is similar to that in Bash. However, on my
system, it provides more completion options than Bash, as shown in Figure 2.11.

Figure 2.11: Variable name auto-completion suggestions in Zsh

Overall, these completion types differ slightly from the file name and command
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name autocompletion we discussed earlier, as they are accompanied by a special
prefix character, as shown in Table 2.1.

Table 2.1: Username, hostname, and variable name auto-
completion prefix characters

Prefix character Auto-completion type
~ Username
@ Hostname
$ Variable name

2.6 Programmable Auto-Completion

Now that you are familiar with the usage of command line auto-completion, you
may wonder as a developer, “How can I add command completion for my own pro-
grams or scripts?” Fortunately, leveraging the programmable completion features
provided by Bash and Zsh, we can easily customize command line completion.
Let’s dive into the details with an example.

2.6.1 Bash Example

Suppose I have written a program named mycmd with two command line options,
--help and --version. Let’s see how command completion works for it. When I
type

xiaodong@codeland:~$ mycmd -

And after pressing the Tab key, Bash presents me with a complete list of options
for the command and auto-completes it to mycmd --.

xiaodong@codeland:~$ mycmd -
--help --version
xiaodong@codeland:~$ mycmd --

I then typed h followed by pressing Tab key, and Bash automatically completed
the option --help. Ah-ha, that was exactly the kind of command completion I
was looking for. So, how can we achieve programmable completion?


