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Dedication

This book is dedicated to Ken Moffat.

Ken Moffat first posted to the LFS mailing lists on May 19th, 2001. There he discussed building L FS from the previous
February. In the last 25 years Ken became an editor and active on the mailing lists, always willing to help.

One of Ken'savid interests was computer fonts. To that end he created awebsite that is still active at https://typosetting.
linuxfromscratch.org/. He was also the editor who spearheaded the security advisories and he took care of countless
security updates and problems during histime as an editor.

Ken passed away on June 26th, 2025. He is missed.


https://typosetting.linuxfromscratch.org/
https://typosetting.linuxfromscratch.org/
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Preface

Foreword

My journey to learn and better understand Linux began back in 1998. | had just installed my first Linux distribution
and had quickly become intrigued with the whole concept and philosophy behind Linux.

There are always many waysto accomplish asingletask. The same can be said about Linux distributions. A great many
have existed over the years. Some still exist, some have morphed into something else, yet others have been relegated
to our memories. They all do things differently to suit the needs of their target audience. Because so many different
waysto accomplish the same end goal exist, | began to realize | no longer had to be limited by any one implementation.
Prior to discovering Linux, we simply put up with issuesin other Operating Systems as you had no choice. It was what
it was, whether you liked it or not. With Linux, the concept of choice began to emerge. If you didn't like something,
you were free, even encouraged, to change it.

| tried anumber of distributions and could not decide on any one. They were great systemsin their own right. It wasn't
amatter of right and wrong anymore. It had become a matter of personal taste. With all that choice available, it became
apparent that there would not be a single system that would be perfect for me. So | set out to create my own Linux
system that would fully conform to my personal preferences.

To truly make it my own system, | resolved to compile everything from source code instead of using pre-compiled
binary packages. This “perfect” Linux system would have the strengths of various systems without their perceived
weaknesses. At first, the idea was rather daunting. | remained committed to the idea that such a system could be built.

After sorting through issues such as circular dependencies and compile-time errors, | finally built a custom-built Linux
system. It was fully operational and perfectly usable like any of the other Linux systems out there at the time. But it
was my own creation. It was very satisfying to have put together such a system myself. The only thing better would
have been to create each piece of software myself. This was the next best thing.

As | shared my goals and experiences with other members of the Linux community, it became apparent that there was
asustained interest in these ideas. It quickly became plain that such custom-built Linux systems serve not only to meet
user specific requirements, but also serve as an ideal |earning opportunity for programmers and system administrators
to enhance their (existing) Linux skills. Out of this broadened interest, the Linux From Scratch Project was born.

This Linux From Scratch book is the central core around that project. It provides the background and instructions
necessary for you to design and build your own system. Whilethisbook providesatemplate that will result in acorrectly
working system, you are freeto ater the instructionsto suit yourself, which is, in part, an important part of this project.
You remain in control; we just lend a helping hand to get you started on your own journey.

| sincerely hope you will have a great time working on your own Linux From Scratch system and enjoy the numerous
benefits of having a system that is truly your own.

Gerard Beekmans
gerard@linuxfromscratch.org

Audience

There are many reasons why you would want to read this book. One of the questions many people raise is, “why go
through all the hassle of manually building a Linux system from scratch when you can just download and install an
existing one?’

Vil
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One important reason for this project's existence is to help you learn how a Linux system works from the inside out.
Building an LFS system helps demonstrate what makes Linux tick, and how things work together and depend on each
other. One of the best things this learning experience can provide is the ability to customize a Linux system to suit
your own unique needs.

Another key benefit of LFS is that it gives you control of the system without relying on someone else's Linux
implementation. With LFS, you arein the driver's seat. You dictate every aspect of your system.

LFS alows you to create very compact Linux systems. With other distributions you are often forced to install a great
many programs you neither use nor understand. These programs waste resources. Y ou may argue that with today's hard
drives and CPUs, wasted resources are no longer a consideration. Sometimes, however, you are still constrained by the
system's size, if nothing else. Think about bootable CDs, USB sticks, and embedded systems. Those are areas where
LFS can be beneficial.

Another advantage of a custom built Linux system is security. By compiling the entire system from source code, you
are empowered to audit everything and apply all the security patches you want. Y ou don't have to wait for somebody
else to compile binary packages that fix a security hole. Unless you examine the patch and implement it yourself, you
have no guarantee that the new binary package was built correctly and adequately fixes the problem.

The goal of Linux From Scratch isto build a complete and usable foundation-level system. If you do not wish to build
your own Linux system from scratch, you may neverthel ess benefit from the information in this book.

There are too many good reasons to build your own LFS system to list them all here. In the end, education is by far
the most important reason. As you continue your LFS experience, you will discover the power that information and
knowledge can bring.

LFS Target Architectures

The primary target architectures of LFS are the AMD/Intel x86 (32-bit) and x86_64 (64-bit) CPUs. On the other hand,
the instructions in this book are also known to work, with some modifications, with the Power PC and ARM CPUs.
To build a system that utilizes one of these alternative CPUs, the main prerequisite, in addition to those on the next
page, is an existing Linux system such as an earlier LFS installation, Ubuntu, Red Hat/Fedora, SUSE, or some other
distribution that targets that architecture. (Note that a 32-bit distribution can be installed and used as a host system on
a64-bit AMD/Intel computer.)

The gain from building on a 64-bit system, as compared to a 32-bit system, is minimal. For example, in atest build of
LFS-9.1 on aCorei7-4790 CPU based system, using 4 cores, the following statistics were measured:

Architecture Build Tine Build Size
32-hit 239.9 mnutes 3.6 GB
64-bit 233.2 mnutes 4.4 GB

As you can see, on the same hardware, the 64-bit build is only 3% faster (and 22% larger) than the 32-bit build. If
you plan to use LFS as a LAMP server, or afirewall, a 32-bit CPU may be good enough. On the other hand, several
packages in BLFS now need more than 4 GB of RAM to be built and/or to run; if you plan to use LFS as a desktop,
the LFS authors recommend building a 64-bit system.

The default 64-bit build that results from LFSis a“pure’” 64-bit system. That is, it supports 64-bit executables only.
Building a“muilti-lib” system requires compiling many applications twice, once for a 32-bit system and once for a 64-
bit system. Thisis not directly supported in LFS because it would interfere with the educational objective of providing
the minimal instructions needed for a basic Linux system. Some of the LFS/BLFS editors maintain a multilib fork of
LFS, accessible at https: //mwww.linuxfromscratch.org/~thomas/multilib/index.html. But that's an advanced topic.

viii
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Prerequisites

Building an LFS system is not a smple task. It requires a certain level of existing knowledge of Unix system
administration in order to resolve problems and correctly execute the commands listed. In particular, as an absolute
minimum, you should already know how to use the command line (shell) to copy or move files and directories, list
directory and file contents, and change the current directory. It is also expected that you know how to use and install
Linux software.

Because the LFS book assumes at |east thisbasic level of skill, the various LFS support forums are unlikely to provide
you with much assistance in these areas. Y ou will find that your questions regarding such basic knowledge will likely
go unanswered (or you will simply be referred to the LFS essential pre-reading list).

Before building an LFS system, we urge you to read these articles:
» Software-Building-HOWTO https://tldp.or g/HOWTO/Softwar e-Building-HOWTO.html

Thisis acomprehensive guide to building and installing “generic” Unix software packages under Linux. Although
it was written some time ago, it still provides a good summary of the basic techniques used to build and install
software.

» Beginner's Guide to Installing from Source https://moi.vonos.net/linux/beginner s-instal ling-from-sour ce/

This guide provides agood summary of the basic skills and techniques needed to build software from source code.

LFS and Standards

The structure of LFSfollows Linux standards as closely as possible. The primary standards are:

» POS X.1-2008.
* Filesystem Hierarchy Sandard (FHS) Version 3.0
* Linux Standard Base (LSB) Version 5.0 (2015)

The LSB has four separate specifications. Core, Desktop, Languages, and Imaging. Some parts of Core and
Desktop specifications are architecture specific. There are also two trial specifications. Gtk3 and Graphics.

LFS attempts to conform to the L SB specifications for the IA32 (32-bit x86) or AMDG64 (x86_64) architectures
discussed in the previous section.

% Note
V 4

Many people do not agree with these requirements. The main purpose of the LSB isto ensure that
proprietary software can be installed and run on a compliant system. Since LFS is source based, the user
has compl ete control over what packages are desired; you may choose not to install some packages that
are specified by the LSB.

While it is possible to create a complete system that will pass the LSB certification tests “from scratch,” this can't be
done without many additional packages that are beyond the scope of the LFS book. Installation instructions for some
of these additional packages can be found in BLFS.

Packages supplied by LFS needed to satisfy the LSB Requirements

LB Core: Bash, Bc, Binutils, Coreutils, Diffutils, File, Findutils, Gawk,
GCC, Gettext, Glibc, Grep, Gzip, M4, Man-DB, Procps,
Psmisc, Sed, Shadow, Systemd, Tar, Util-linux, Zlib

iX


https://tldp.org/HOWTO/Software-Building-HOWTO.html
https://moi.vonos.net/linux/beginners-installing-from-source/
https://pubs.opengroup.org/onlinepubs/9699919799/
https://refspecs.linuxfoundation.org/FHS_3.0/fhs/index.html
https://refspecs.linuxfoundation.org/lsb.shtml

LSB Desktop:

LSB Languages:

LSB Imaging:

LSB Gtk3 and LSB Graphics (Trial Use):
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None
Perl

None
None

Packages supplied by BLFS needed to satisfy the LSB Requirements

LSB Core:

LSB Desktop:

LSB Languages.
LSB Imaging:
LSB Gtk3 and LSB Graphics (Trial Use):

At, Batch (a part of At), BLFS Bash Startup Files, Cpio, Ed,
Fcrontab, LSB-Tools, NSPR, NSS, Linux-PAM, Pax, Sendmail
(or Postfix or Exim), Time

Alsa, ATK, Cairo, Desktop-file-utils, Freetype, Fontconfig,
Gdk-pixbuf, Glib2, GLU, lcon-naming-utils, Libjpeg-turbo,
Libxml2, Mesa, Pango, Xdg-utils, Xorg

Libxml2, Libxslt
CUPS, Cups-ilters, Ghostscript, SANE
GTK+3

Components not supplied or optionally supplied by LFS or BLFS needed to satisfy the LSB

Requirements
LSB Core:

LSB Desktop:

LSB Languages:

LSB Imaging:
LB Gtk3 and LSB Graphics (Trial Use):

install_initd, 1ibcrypt.so.1 (can be provided with optional
instructions for the LFS Libxcrypt package), | i bncurses. so. 5
(can be provided with optional instructionsfor the LFS Ncurses
package), | i bncur sesw. so. 5 (but | i bncur sesw. so. 6 iSprovided
by the LFS Ncurses package)

l'i bgdk-x11-2. 0. so (but Ii bgdk-3. so is provided by the BLFS
GTK+-3 package), 1ibgtk-x11-2.0.so (but Iibgtk-3.so and
l'i bgtk-4.so are provided by the BLFS GTK+-3 and GTK-4
packages), 1ibpng12.so (but 1ibpng16.so is provided by the
BLFS Libpng package), 1ibQ*.so.4 (but 1ibQ6*.so0.6 are
provided by the BLFS Qt6 package), libtiff.so.4 (but
libtiff.so.6 isprovided by the BLFS Libtiff package)

/usr/bin/python (LSB requires Python2 but LFS and BLFS
only provide Python3)

None

l'i bpng15. so (but Ii bpng16. so isprovided by the BLFS Libpng
package)

Rationale for Packages in the Book

The goal of LFS is to build a complete and usable foundation-level system—including all the packages needed to
replicate itself—and providing arelatively minimal base from which to customize a more complete system based on the
user'schoices. Thisdoesnot mean that L FSisthe smallest system possible. Several important packages areincluded that
are not, strictly speaking, required. The list below documents the reasons each package in the book has been included.
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This package contains utilities to administer Access Control Lists, which are used to define fine-grained
discretionary access rights for files and directories.

Attr

This package contains programs for managing extended attributes on file system objects.

Autoconf

This package supplies programs for producing shell scripts that can automatically configure source code from a
developer's template. It is often needed to rebuild a package after the build procedure has been updated.
Automake

This package contains programs for generating Make files from a template. It is often needed to rebuild a package
after the build procedure has been updated.

Bash

This package satisfies an LSB core requirement to provide a Bourne Shell interface to the system. It was chosen
over other shell packages because of its common usage and extensive capabilities.

Bc

This package provides an arbitrary precision numeric processing language. It satisfies a requirement for building
the Linux kernel.

Binutils

This package supplies alinker, an assembler, and other tools for handling object files. The programsin this
package are needed to compile most of the packagesin an LFS system.

Bison

This package contains the GNU version of yacc (Y et Another Compiler Compiler) needed to build several of the
LFS programs.

Bzip2

This package contains programs for compressing and decompressing files. It is required to decompress many LFS
packages.

Coreutils

This package contains a number of essential programs for viewing and manipulating files and directories. These

programs are needed for command line file management, and are necessary for the installation procedures of every
packagein LFS.

D-Bus

This package contains programs to implement a message bus system, a simple way for applications to talk to one
another.

DejaGNU

This package supplies a framework for testing other programs.

Diffutils

This package contains programs that show the differences between files or directories. These programs can be used
to create patches, and are also used in many packages build procedures.

E2fsprogs
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This package supplies utilities for handling the ext2, ext3 and ext4 file systems. These are the most common and
thoroughly tested file systems that Linux supports.

Expat

This package yields arelatively small XML parsing library. It is required by the XML ::Parser Perl module.
Expect

This package contains a program for carrying out scripted dialogues with other interactive programs. It is
commonly used for testing other packages.

File

This package contains a utility for determining the type of agiven file or files. A few packages need it in their
build scripts.

Findutils

This package provides programsto find filesin afile system. It is used in many packages build scripts.
Flex

This package contains a utility for generating programs that recognize patternsin text. It isthe GNU version of the
lex (lexical analyzer) program. It isrequired to build several LFS packages.

Gawk

This package supplies programs for manipulating text files. It isthe GNU version of awk (Aho-Weinberg-
Kernighan). It isused in many other packages build scripts.

GCC

Thisisthe Gnu Compiler Collection. It contains the C and C++ compilers as well as several others not built by
LFS.

GDBM

This package contains the GNU Database Manager library. It is used by one other LFS package, Man-DB.
Gettext

This package provides utilities and libraries for the internationalization and localization of many packages.
Glibc

This package contains the main C library. Linux programs will not run without it.
GMP

This package supplies math libraries that provide useful functions for arbitrary precision arithmetic. It is needed to
build GCC.

Gperf

This package produces a program that generates a perfect hash function from a set of keys. It isrequired by
Systemd.

Grep

This package contains programs for searching through files. These programs are used by most packages' build
scripts.

Groff
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This package contributes programs for processing and formatting text. One important function of these programsis
to format man pages.

GRUB

Thisisthe Grand Unified Boot Loader. It isthe most flexible of several boot |loaders available.

Gzip

This package contains programs for compressing and decompressing files. It is needed to decompress many
packagesin LFS.

lana-etc

This package provides data for network services and protocols. It is heeded to enable proper networking
capabilities.

Inetutils

This package supplies programs for basic network administration.

Intltool

This package contributes tools for extracting trand atable strings from source files.

| Proute2

This package contains programs for basic and advanced 1Pv4 and | Pv6 networking. It was chosen over the other
common network tools package (net-tools) for its IPv6 capabilities.

Jinja2

This package is a Python module for text templating. It's required to build Systemd.

Kbd

This package produces key-table files, keyboard utilities for non-US keyboards, and a number of console fonts.
Kmod

This package supplies programs needed to administer Linux kernel modules.

Less

This package contains a very nice text file viewer that allows scrolling up or down when viewing afile. Many
packages use it for paging the outpuit.

Libcap

This package implements the userspace interfaces to the POSIX 1003.1e capabilities available in Linux kernels.
Libelf

The elfutils project provides libraries and tools for ELF files and DWARF data. Most utilitiesin this package

are available in other packages, but the library is needed to build the Linux kernel using the default (and most
efficient) configuration.

Libffi
This package implements a portable, high level programming interface to various calling conventions. Some
programs may not know at the time of compilation what arguments are to be passed to a function. For instance, an

interpreter may be told at run-time about the number and types of arguments used to call a given function. Libffi
can be used in such programs to provide a bridge from the interpreter program to compiled code.
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Libpipeline
The Libpipeline package supplies alibrary for manipulating pipelines of subprocessesin aflexible and convenient
way. It isrequired by the Man-DB package.
Libtool

This package contains the GNU generic library support script. It wraps the complexity of using shared libraries
into a consistent, portable interface. It is needed by the test suites in other LFS packages.

Libxcrypt

This package providesthel i berypt library needed by various packages (notably, Shadow) for hashing passwords.
It replaces the obsolete 1 i berypt implementation in Glibc.

Linux Kernel

This package is the Operating System. It isthe Linux in the GNU/Linux environment.
M4

This package provides a general text macro processor useful as a build tool for other programs.
Make

This package contains a program for directing the building of packages. It is required by almost every packagein
LFS.

MarkupSafe

This package is a Python module for processing stringsin HTML/XHTML/XML safely. Jinja2 requires this
package.

Man-DB

This package contains programs for finding and viewing man pages. It was chosen instead of the man package
because of its superior internationalization capabilities. It supplies the man program.

Man-pages
This package provides the actual contents of the basic Linux man pages.
Meson

This package provides a software tool for automating the building of software. The main goal of Meson isto
minimize the amount of time that software developers need to spend configuring a build system. It'srequired to
build Systemd, as well as many BLFS packages.

MPC

This package supplies arithmetic functions for complex numbers. It is required by GCC.
MPFR

This package contains functions for multiple precision arithmetic. It is required by GCC.
Ninja
This package furnishes a small build system with afocus on speed. It is designed to have its input files generated
by ahigher-level build system, and to run builds as fast as possible. This package is required by Meson.
Ncurses
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This package contains libraries for terminal-independent handling of character screens. It is often used to provide
cursor control for amenuing system. It is needed by a number of the packagesin LFS.

Openssl

This package provides management tools and libraries relating to cryptography. These supply cryptographic
functions to other packages, including the Linux kernel.

Patch

This package contains a program for modifying or creating files by applying a patch file typically created by the
diff program. It is needed by the build procedure for several LFS packages.

Pcre2

This package provides a set of functions that implement regular expression pattern matching using the same syntax
and semantics as Perl 5.

Perl

This package is an interpreter for the runtime language PERL. It is needed for the installation and test suites of
several LFS packages.

Pkgconf

This package contains a program which helps to configure compiler and linker flags for development libraries.
The program can be used as a drop-in replacement of pkg-config, which is needed by the building system of many
packages. It's maintained more actively and dlightly faster than the original Pkg-config package.

Procps-NG

This package contains programs for monitoring processes. These programs are useful for system administration,
and are also used by the LFS Bootscripts.

Psmisc

This package produces programs for displaying information about running processes. These programs are useful
for system administration.

Python 3

This package provides an interpreted language that has a design philosophy emphasizing code readability.
Readline

This package is a set of libraries that offer command-line editing and history capabilities. It is used by Bash.
Sed

This package allows editing of text without opening it in atext editor. It is also needed by many LFS packages
configure scripts.

Shadow

This package contains programs for handling passwords securely.

Slite

This package provides a serverless, zero-configuration, transactional SQL database engine.
Systemd
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This package provides an init program and several additional boot and system control capabilities as an aternative
to SysVinit. It is used by many Linux distributions.

e Tar
This package provides archiving and extraction capabilities of virtually all the packages used in LFS.
e Td

This package contains the Tool Command Language used in many test suites.
* Texinfo

This package supplies programs for reading, writing, and converting info pages. It isused in the installation
procedures of many LFS packages.

o Util-linux
This package contains miscellaneous utility programs. Among them are utilities for handling file systems,
consoles, partitions, and messages.

* Vim
This package provides an editor. It was chosen because of its compatibility with the classic vi editor and its huge

number of powerful capabilities. An editor isavery persona choice for many users. Any other editor can be
substituted, if you wish.

* Wheel

This package supplies a Python module that is the reference implementation of the Python wheel packaging
standard.

 XML::Parser
This package is a Perl module that interfaces with Expat.
o XZ Utils

This package contains programs for compressing and decompressing files. It provides the highest compression
generally available and is useful for decompressing packagesin XZ or LZMA format.

e Zlib
This package contains compression and decompression routines used by some programs.

e Zsd

This package supplies compression and decompression routines used by some programs. It provides high
compression ratios and a very wide range of compression / speed trade-offs.

Typography

To make things easier to follow, there are a few typographical conventions used throughout this book. This section
contains some examples of the typographical format found throughout Linux From Scratch.

‘./configure--prefix:/usr ‘

Thisform of text is designed to be typed exactly as seen unless otherwise noted in the surrounding text. It is also used
in the explanation sections to identify which of the commands is being referenced.
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In some cases, alogical lineis extended to two or more physical lines with a backslash at the end of the line.

CC="gcc -Blusr/bin/" ../binutils-2.18/configure \
--prefix=/tools --disable-nls --disable-werror

Note that the backslash must be followed by an immediate return. Other whitespace characters like spaces or tab
characters will create incorrect results.

install-info: unknown option '--dir-file=/mmt/|fs/usr/info/dir’

Thisform of text (fixed-width text) shows screen output, usually as the result of commands issued. If you are reading
the book in the HTML format (instead of PDF), the text should be blue.

The fixed-width text is also used to show filenames, such as/etc/1d. so. conf .

% Note
V 4

Please configure your browser to display fixed-width text with agood monospace” font-size="9ptd font, with
which you can distinguish the glyphs of 111 or co clearly.

Emphasis
Thisform of text isused for several purposes in the book. Its main purpose is to emphasize important points or items.

https://www.linuxfromscratch.org/

This format is used for hyperlinks both within the LFS community and to external pages. It includes HOWTOs,
download locations, and websites.

cat > $LFS/etc/group << "EOCF"
root: x: 0:
bi n: x: 1:

This format is used when creating configuration files. The first command tells the system to create the file $LFs/ et ¢/
group from whatever is typed on the following lines until the sequence End Of File (EOF) is encountered. Therefore,
this entire section is generally typed as seen.

<REPLACED TEXT>
Thisformat is used to encapsulate text that is not to be typed as seen or for copy-and-paste operations.
[ OPTI ONAL TEXT]

Thisformat is used to encapsulate text that is optional .

passwd(5)

Thisformat is used to refer to a specific manual (man) page. The number inside parentheses indicates a specific section
inside the manuals. For example, passwd has two man pages. Per LFS installation instructions, those two man pages
will be located at / usr/ shar e/ man/ man1/ passwd. 1 and / usr/ shar e/ man/ man5/ passwd. 5. When the book uses passwd(5)
it is specifically referring to / usr/ shar e/ man/ man5/ passwd. 5. man passwd will print the first man page it finds that
matches* passwd,” which will be/ usr/ shar e/ man/ man1/ passwd. 1. For thisexample, you will need to run man 5 passwd
in order to read the page being specified. Note that most man pages do not have duplicate page names in different
sections. Therefore, man <pr ogr am nane> isgenerally sufficient. In the LFS book these referencesto man pages are also
hyperlinks, so clicking on such areference will open the man page rendered in HTML from Arch Linux manual pages.
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Structure

This book is divided into the following parts.

Part | - Introduction

Part | explains a few important notes on how to proceed with the LFS installation. This section also provides meta-
information about the book.

Part Il - Preparing for the Build

Part |1 describes how to preparefor the building process—making a partition, downl oading the packages, and compiling
temporary tools.

Part Ill - Building the LFS Cross Toolchain and Temporary Tools
Part I11 providesinstructions for building the tools needed for constructing the final LFS system.

Part IV - Building the LFS System

Part 1V guides the reader through the building of the LFS system—compiling and installing all the packages one by
one, setting up the boot scripts, and installing the kernel. The resulting Linux system is the foundation on which other
software can be built to expand the system as desired. At the end of this book, there is an easy to use reference listing
al of the programs, libraries, and important files that have been installed.

Part V - Appendices

Part V provides information about the book itself including acronyms and terms, acknowledgments, package
dependencies, a listing of LFS boot scripts, licenses for the distribution of the book, and a comprehensive index of
packages, programs, libraries, and scripts.

Errata and Security Advisories

The software used to create an LFS system is constantly being updated and enhanced. Security warnings and bug fixes
may become available after the LFS book has been released. To check whether the package versions or instructionsin
thisrelease of LFS need any modifications—to repair security vulnerabilities or to fix other bugs—please visit https://
www.linuxfromscratch.org/lfs/errata/13.0-systemd/ before proceeding with your build. Y ou should note any changes
shown and apply them to the relevant sections of the book as you build the LFS system.

In addition, the Linux From Scratch editors maintain alist of security vulnerabilities discovered after a book has been
released. To read the list, please visit https://mww.linuxfromscratch.org/Ifs/advisories/ before proceeding with your
build. Y ou should apply the changes suggested by the advisories to the relevant sections of the book as you build the
LFS system. And, if you will use the LFS system as areal desktop or server system, you should continue to consult the
advisories and fix any security vulnerabilities, even when the LFS system has been completely constructed.
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Chapter 1. Introduction
1.1. How to Build an LFS System

The LFS system will be built by using an already installed Linux distribution (such as Debian, OpenMandriva, Fedora,
or openSUSE). This existing Linux system (the host) will be used as a starting point to provide necessary programs,
including acompiler, linker, and shell, to build the new system. Select the“ development” option during the distribution
installation to include these tools.

% Note
' 4

There are many ways to install a Linux distribution and the defaults are usually not optimal for building an
LFS system. For suggestions on setting up acommercial distribution see: https: //mwww.linuxfromscratch.org/
hints/downl oads/files/partitioning-for-Ifs.txt.

Asan dternativeto installing aseparate distribution on your machine, you may wishto useaLiveCD from acommercial
distribution.

Chapter 2 of this book describes how to create a new Linux native partition and file system, where the new LFS
system will be compiled and installed. Chapter 3 explains which packages and patches must be downloaded to build
an LFS system, and how to store them on the new file system. Chapter 4 discusses the setup of an appropriate working
environment. Please read Chapter 4 carefully asit explains several important issues you should be aware of before you
begin to work your way through Chapter 5 and beyond.

Chapter 5 explainsthe installation of theinitial tool chain, (binutils, gcc, and glibc) using cross-compilation techniques
to isolate the new tools from the host system.

Chapter 6 shows you how to cross-compile basic utilities using the just built cross-toolchain.

Chapter 7 then enters a "chroot” environment, where we use the new tools to build all the rest of the tools needed to
create the LFS system.

This effort to isolate the new system from the host distribution may seem excessive. A full technical explanation as to
why thisis doneis provided in Toolchain Technical Notes.

In Chapter 8 the full-blown LFS system is built. Another advantage provided by the chroot environment isthat it allows
you to continue using the host system while LFS is being built. While waiting for package compilations to compl ete,
you can continue using your computer as usual.

To finish the installation, the basic system configuration is set up in Chapter 9, and the kernel and boot loader are
created in Chapter 10. Chapter 11 contains information on continuing the LFS experience beyond this book. After the
stepsin this chapter have been implemented, the computer is ready to boot into the new LFS system.

This is the process in a nutshell. Detailed information on each step is presented in the following chapters. Items that
seem complicated now will be clarified, and everything will fall into place as you commence your LFS adventure.

1.2. What's new since the last release

Hereisalist of the packages updated since the previous release of LFS.
Upgraded to:


https://www.linuxfromscratch.org/hints/downloads/files/partitioning-for-lfs.txt
https://www.linuxfromscratch.org/hints/downloads/files/partitioning-for-lfs.txt

Binutils-2.46.0
Coreutils-9.10
Expat-2.7.4
Gettext-1.0
Glibc-2.43
GRUB-2.14

| ana-Etc-20260202
Inetutils-2.7

| PRoute2-6.18.0
Kbd-2.9.0
Less-692
Libcap-2.77
Libelf from Elfutils-0.194
Libxcrypt-4.5.2
Linux-6.18.10
M4-1.4.21
Man-pages-6.17
MarkupSafe-3.0.3
Meson-1.10.1
Ncurses-6.6
Ninja1.13.2
OpenSSL-3.6.1
Packaging-26.0
Pcre2-10.47
Procps-ng-4.0.6
Python-3.14.3
Setuptools-82.0.0
Shadow-4.19.3
Sqlite-3510200
Systemd-259.1
Tcl-8.6.17
Tzdata-2025c
Util-linux-2.41.3
Vim-9.2.0078
Wheel-0.46.3
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» Xz-5.8.2
* Zlib-1.3.2
Added:

» Coreutils-9.10-i18n-1.patch

Removed:

» Coreutils-9.7-118n-1.patch
» Coreutils-9.7-upstream_fix-1.patch

1.3. Changelog

Thisis version 13.0-systemd of the Linux From Scratch book, dated March 5th, 2026. If this book is more than six
months old, a newer and better version is probably already available. To find out, please check one of the mirrors via
https: //mww.linuxfromscratch.org/mirrors.html.

Below isalist of changes made since the previous release of the book.
Changelog Entries:
» 2026-03-05
* [bdubbs] - LFS-13.0 released.
o 2026-02-27
 [bdubbs] - Update to vim-9.2.0078 (Security update). Fixes #5877.
e 2026-02-19
* [bdubbs] - Update to zlib-1.3.2 (Security update). Fixes #5873.
» 2026-02-15
* [bdubbs] - Update to vim-9.2.0000. Fixes #5872.
» 2026-02-14
* [bdubbs] - Update to vim-9.1.2144 (Security update). Addresses #4500.
* [bdubbs] - Update to setuptools-82.0.0 (Python module). Fixes #5868.
* [bdubbs] - Update to man-pages-6.17. Fixes #5870.
* [bdubbs] - Update to m4-1.4.21. Fixes #5866.
 [bdubbs] - Update to linux-6.18.10. Fixes #5854.
 [bdubbs] - Update to less-692. Fixes #5869.
 [bdubbs] - Update to iana-etc-20260202. Addresses #5006.
* [bdubbs] - Update to binutils-2.46.0. Fixes #5865.
¢ 2026-02-08
* [bdubbs] - Update to systemd-259.1. Fixes #5864.
* [bdubbs] - Update to shadow-4.19.3. Fixes #5858.
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[bdubbs] - Update to setuptools-81.0.0 (Python module). Fixes #5863.
[bdubbs] - Update to Python3-3.14.3 (Security update). Fixes #5859.
[bdubbs] - Update to procps-ng-4.0.6. Fixes #5853.

[bdubbs] - Update to linux-6.18.9. Fixes #5854.

[bdubbs] - Update to gettext-1.0. Fixes #5852.

[bdubbs] - Update to expat-2.7.4 (Security update). Fixes #5855.
 [bdubbs] - Update to coreutils-9.10.tar.xz. Fixes #5862.
2026-01-28

 [bdubbs] - Update to wheel-0.46.3. Fixes #5849.

* [bdubbs] - Update to shadow-4.19.2. Fixes #5845.

 [bdubbs] - Update to setuptools-80.10.2. Fixes #5848.

* [bdubbs] - Update to packaging-26.0. Fixes #5847.

* [bdubbs] - Update to openssl-3.6.1 (Security update). Fixes #5851.
* [bdubbs] - Update to meson-1.10.1. Fixes #5844.

 [bdubbs] - Update to linux-6.18.7. Fixes #5843.

* [bdubbs] - Update to less-691. Fixes #5846.

* [bdubbs] - Update to iana-etc-20260123. Addresses #5006.

* [bdubbs] - Update to grub-2.14. Fixes #5842.

 [bdubbs] - Update to glibc-2.43 (Security update). Fixes #5850.
2026-01-15

* [bdubbs] - Update to sglite-autoconf-3510200 (3.51.2). Fixes #5841.
* [bdubbs] - Update to ncurses-6.6. Fixes #5839.

 [bdubbs] - Update to linux-6.18.5. Fixes #5840.

2026-01-01

* [bdubbs] - Update to xz-5.8.2. Fixes #5836.

* [bdubbs] - Update to vim-9.1.2031. Addresses #4500.

 [bdubbs] - Update to util-linux-2.41.3. Fixes #5834.

* [bdubbs] - Update to systemd-259. Fixes #5822.

 [bdubbs] - Update to shadow-4.19.0. Fixes #5838.

 [bdubbs] - Update to linux-6.18.2. Fixes #5837.

 [bdubbs] - Update to inetutils-2.7. Fixes #5835.

* [bdubbs] - Update to iana-etc-20251215. Addresses #5006.
2025-12-15

* [bdubbs] - Update to tzdata?025c. Fixes #5833.

 [bdubbs] - Update to Python-3.14.2 (Security update). Fixes #5831.
* [bdubbs] - Update to meson-1.10.0. Fixes #5832.
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 [bdubbs] - Update to linux-6.18.1. Fixes #5830.
 [bdubbs] - Update to iproute2-6.18.0. Fixes #5829.
e 2025-12-01
 [bdubbs] - Update to vim-9.1.1934. Addresses #4500.
[bdubbs] - Update to sglite-autoconf-3510100 (3.51.1). Fixes #5828.
[bdubbs] - Update to ninja-1.13.2. Fixes #5826.
[bdubbs] - Update to linux-6.17.9. Fixes #5827.
[bdubbs] - Update to libxcrypt-4.5.2. Fixes #5825.
 [bdubbs] - Update to iana-etc-20251120. Addresses #5006.
e 2025-11-15
 [bdubbs] - Update to coreutils-9.9. Fixes #5823.
 [bdubbs] - Update to binutils-2.45.1. This now requires adding glibc-2.42-upstream_fixes-1.patch. Fixes #5824.
 [bdubbs] - Update to libxcrypt-4.5.1. Fixes #5820.
 [bdubbs] - Update to linux-6.17.8. Fixes #5818.
* [bdubbs] - Update to sglite-autoconf-3510000 (3.51.0). Fixes #5821.
e 2025-11-01
 [bdubbs] - Update to vim-9.1.1888. Addresses #4500.
[bdubbs] - Update to iana-etc-20251022. Addresses #5006.
[bdubbs] - Update to pcre2-10.47. Fixes #5814.
[bdubbs] - Update to man-pages-6.16. Fixes #5817.
[bdubbs] - Update to linux-6.17.6. Fixes #5811.
[bdubbs] - Update to libcap-2.77. Fixes #5815.
* [bdubbs] - Update to elfutils-0.194. Fixes #5815.
e 2025-10-15
 [bdubbs] - Update to less-685. Fixes #5810.
 [bdubbs] - Update to systemd-258.1. Fixes #58009.
 [bdubbs] - Update to Python-3.14.0. Fixes #5806.
 [bdubbs] - Update to openssl-3.6.0. Fixes #5804.
 [bdubbs] - Update to linux-6.17.2. Fixes #5802.
 [bdubbs] - Update to iproute2-6.17.0. Fixes #5803.
e 2025-10-01
* [renodr] - Update to systemd-258 (including udev for SysV). Fixes #5791.
[bdubbs] - Update to vim-9.1.1806. Addresses #4500.
[bdubbs] - Update to iana-etc-20250926. Addresses #5006.
[bdubbs] - Update to coreutils-9.8. Fixes #5795.
[bdubbs] - Update to expat-2.7.3 (Security release). Fixes #5792.
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[bdubbs] - Update to linux-6.16.9. Fixes #5796.
[bdubbs] - Update to markupsafe-3.0.3. Fixes #5801.
[bdubbs] - Update to meson-1.9.1. Fixes #5797.
[renodr] - Update to openssl-3.5.4 (Security update). Fixes #5793.
[bdubbs] - Update to util-linux-2.41.2. Fixes #5798.
e 2025-09-15
* [bdubbs] - Update to vim-9.1.1754. Addresses #4500.
[bdubbs] - Update to iana-etc-20250826. Addresses #5006.
[bdubbs] - Update to tcl8.6.17. Fixes #5781.
[bdubbs] - Update to pcre2-10.46. Fixes #5790.
[bdubbs] - Update to meson-1.9.0. Fixes #5788.
[bdubbs] - Update to linux-6.16.7. Fixes #5787.
* [bdubbs] - Update to kbd-2.9.0. Fixes #5789.
e 2025-09-03
 [bdubbs] - Add the sglite-3.50.4 package. Fixes #5784.
 [bdubbs] - Add the pcre2-10.45 package. Fixes #5782.
* [bdubbs] - Add a description on how to use akernel baset+patch in Chapter 3. Fixes #5785.
¢ 2025-09-01
* [bdubbs] - LFS-12.4 released.

1.4. Resources

1.4.1. FAQ

If during the building of the LFS system you encounter any errors, have any questions, or think there is atypo in the
book, please start by consulting thelist of Frequently Asked Questions (FAQ), located at https.//www.linuxfromscratch.
org/fag/.

1.4.2. Mailing Lists

The i nuxfromscrat ch. org server hosts a number of mailing lists used for the development of the LFS project. These
lists include the main development and support lists, among others. If you cannot find an answer to your problem on
the FAQ page, the next step would be to search the mailing lists at https:.//www.linuxfromscratch.org/search.html.

For information on the different lists, how to subscribe, archivelocations, and additional information, visit https. //mww.
linuxfromscratch.org/mail.html.

1.4.3. IRC

Several members of the LFS community offer assistance via Internet Relay Chat (IRC). Before using this support,
please make sure your question is not already answered in the LFS FAQ or the mailing list archives. Y ou can find the
IRC network at i rc. Ii bera. chat . The support channel is named #lfs-support.
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1.4.4. Mirror Sites

The LFS project has a number of world-wide mirrors to make accessing the website and downloading the required
packages more convenient. Please visit the LFS website at https://mww.linuxfromscratch.org/mirrors.html for alist of
current mirrors.

1.4.5. Contact Information

Please direct all your questions and comments to one of the LFS mailing lists (see above).

1.5. Help

% Note
V 4

In case you've hit an issue building one package with the LFS instruction, we strongly discourage posting
the issue directly onto the upstream support channel before discussing via a LFS support channel listed in
Section 1.4, “Resources.” Doing so is often quite inefficient because the upstream maintainers are rarely
familiar with LFS building procedure. Even if you've really hit an upstream issue, the LFS community can
still help to isolate the information wanted by the upstream maintainers and make a proper report.

If you must ask aquestion directly viaan upstream support channel, you shall at least note that many upstream
projects have the support channels separated from the bug tracker. The “bug” reportsfor asking questions are
considered invalid and may annoy upstream developers for these projects.

If an issue or a question is encountered while working through this book, please check the FAQ page at https://mww.
linuxfromscratch.or g/fag/#generalfaq. Questions are often already answered there. If your question is not answered on
that page, try to find the source of the problem. The following hint will give you some guidance for troubleshooting:
https: //mww.linuxfromscr atch.or g/hints/downloads/files/errors.txt.

If you cannot find your problem listed in the FAQ, search the mailing lists at https.//www.linuxfromscratch.org/search.
html.

We aso have a wonderful LFS community that is willing to offer assistance through the mailing lists and IRC (see
the Section 1.4, “Resources’ section of this book). However, we get several support questions every day, and many of
them could have been easily answered by going to the FAQ or by searching the mailing listsfirst. So, for usto offer the
best assistance possible, you should first do some research on your own. That allows us to focus on the more unusual
support needs. If your searches do not produce asolution, pleaseinclude al the relevant information (mentioned below)
in your request for help.

1.5.1. Things to Mention

Apart from a brief explanation of the problem being experienced, any request for help should include these essential
things:

» Theversion of the book being used (in this case 13.0-systemd)
The host distribution and version being used to create LFS
The output from the Host System Requirements script

The package or section the problem was encountered in

The exact error message, or a clear description of the problem
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* Note whether you have deviated from the book at all

% Note
’ 4

Deviating from this book does not mean that we will not help you. After al, LFSisabout personal preference.
Being up-front about any changesto the established procedure hel ps us eval uate and determine possibl e causes
of your problem.

1.5.2. Configure Script Problems

If something goes wrong while running the configure script, review the confi g. I og file. Thisfile may contain errors
encountered during configur e which were not printed to the screen. Includetherelevant linesif you need to ask for help.

1.5.3. Compilation Problems

Both the screen output and the contents of various files are useful in determining the cause of compilation problems.
The screen output from the configur e script and the make run can be helpful. It is not necessary to include the entire
output, but do include al of the relevant information. Here is an example of the type of information to include from
the make screen output.

gcc -D ALI ASPATH=\"/mt /| fs/usr/share/locale:.\"

-D LOCALEDI R=\ "/ mt /| fs/usr/share/l ocal e\"

-D LIBDIR=\"/mt/|fs/usr/lib\"

-D I NCLUDEDI R=\ "/ mt /| fs/usr/include\" -D HAVE CONFIG H -1. -1.
-g -2 -c getoptl.c

gcc -g -2 -static -o make ar.o arscan.o conmands.o dir.o
expand.o file.o function.o getopt.o inplicit.o job.o main.o
msc.o read. o renake.o rule.o signane.o vari able.o vpath.o
default.o renote-stub.o version.o optl.o

-lutil job.o: In function "l oad_too_high':

/1 fs/tnp/ make-3.79. 1/j ob. c: 1565: undefi ned reference

to " getl oadavg'

collect2: Id  returned 1 exit status

make[2]: *** [make] Error 1

make[ 2] : Leaving directory “/Ifs/tnp/ make-3.79.1'

make[ 1]: *** [all-recursive] Error 1

make[ 1]: Leaving directory “/Ifs/tnp/ make-3.79.1'

make: *** [all-recursive-am Error 2

In this case, many people would just include the bottom section:

make [2]: *** [make] Error 1

This is not enough information to diagnose the problem, because it only notes that something went wrong, not what
went wrong. The entire section, asin the example above, iswhat should be saved because it includes the command that
was executed and all the associated error messages.

An excellent article about asking for help onthe Internet isavailable online at http: //catb.or g/~esr/faqs/smart-questions.
html. Read this document, and follow the hints. Doing so will increase the likelihood of getting the help you need.
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Chapter 2. Preparing the Host System

2.1. Introduction

In this chapter, the host tools needed for building LFS are checked and, if necessary, installed. Then a partition which
will host the LFS system is prepared. We will create the partition itself, create afile system on it, and mount it.

2.2. Host System Requirements

2.2.1. Hardware

The LFS editors recommend that the system CPU have at least four cores and that the system have at least 8 GB of
memory. Older systems that do not meet these requirements will still work, but the time to build packages will be
significantly longer than documented.

2.2.2. Software

Your host system should have the following software with the minimum versions indicated. This should not be an
issue for most modern Linux distributions. Also note that many distributions will place software headers into separate
packages, oftenin theform of <package- name>- devel Or <package- nane>- dev. Besuretoinstall thoseif your distribution
provides them.

Earlier versions of the listed software packages may work, but have not been tested.

» Bash-3.2 (/bin/sh should be a symbolic or hard link to bash)

» Binutils-2.13.1 (Versions greater than 2.46.0 are not recommended as they have not been tested)

* Bison-2.7 (/usr/bin/yacc should be alink to bison or a small script that executes bison)

* Coreutils-8.1

 Diffutils-2.8.1

* Findutils-4.2.31

» Gawk-4.0.1 (/usr/binfawk should be alink to gawk)

* GCC-5.4including the C++ compiler, g++ (Versions greater than 15.2.0 are not recommended as they have not
been tested). C and C++ standard libraries (with headers) must also be present so the C++ compiler can build
hosted programs

* Grep-2.5.1a

» Gzip-13.12

* Linux Kerne-5.4

The reason for the kernel version requirement is that we specify that version when building glibc in Chapter 5
and Chapter 8, so the workarounds for older kernels are not enabled and the compiled glibc is slightly faster and
smaller. As at Dec 2024, 5.4 isthe oldest kernel release still supported by the kernel developers. Some kernel
releases older than 5.4 may be still supported by third-party teams, but they are not considered official upstream
kernel releases; read https://kernel.org/category/releases.html for the details.

If the host kernel is earlier than 5.4 you will need to replace the kernel with a more up-to-date version. There

are two ways you can go about this. First, seeif your Linux vendor provides a’5.4 or later kernel package. If so,
you may wish to install it. If your vendor doesn't offer an acceptable kernel package, or you would prefer not to
install it, you can compile akernel yourself. Instructions for compiling the kernel and configuring the boot loader
(assuming the host uses GRUB) are located in Chapter 10.
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We require the host kernel to support UNIX 98 pseudo terminal (PTY). It should be enabled on all desktop or
server distros shipping Linux 5.4 or anewer kernel. If you are building a custom host kernel, ensure conFi G
UNI X98_PTYS is set toy in the kernel configuration.

* M4-1.4.10

* Make-4.0

» Patch-25.4

* Perl-5.8.8

e Python-3.4

o Sed-4.15

e Tar-1.22

* Texinfo-5.0

» Xz-5.0.0

' I mportant

Note that the symlinks mentioned above are required to build an LFS system using the instructions contained
within this book. Symlinks that point to other software (such as dash, mawk, etc.) may work, but are not
tested or supported by the LFS devel opment team, and may require either deviation from the instructions or
additional patchesto some packages.

To see whether your host system has all the appropriate versions, and the ability to compile programs, run the following
commands:

cat > version-check.sh << "EOF"
#!/ bi n/ bash
# A script to |ist version nunbers of critical devel opment tools

# If you have tools installed in other directories, adjust PATH here AND
#in ~lfs/.bashrc (section 4.4) as well.

LC ALL=C
PATH=/ usr/ bi n: / bi n

bail () { echo "FATAL: $1"; exit 1; }

grep --version > /dev/null 2> /dev/null || bail "grep does not work"
sed '' /dev/null || bail "sed does not work"
sort /[dev/null || bail "sort does not work"

ver _check()
{
if ! type -p $2 &/ dev/ nul
t hen
echo "ERROR: Cannot find $2 ($1)"; return 1;
f
v=$($2 --version 2>&1 | grep -E -0 '[0-9]+\.[0-9\.]+a-z]*' | head -nl)
if printf '"9%\n' $3 $v | sort --version-sort --check &>/ dev/null

t hen
printf "OK % 9s % 6s >= $3\n" "$1" "$v"; return O;

el se
printf "ERROR %9s is TOO OLD ($3 or later required)\n" "3$1"
return 1;

fi
}

ver _kernel ()

{
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requi red)\ n" "$kver";

if printf '9%\n'" $1 $kver | sort --version-sort --check &>/ dev/nul
t hen
printf "OK Li nux Kernel $kver >= $1\n"; return O;
el se
printf "ERROR Linux Kernel ($kver) is TOO OLD ($1 or |ater
return 1;

fi
t

# Coreutils first because --version-sort needs Coreutils >= 7.0

ver _check Coreutils sort 8.1 || bail "Coreutils too old,
ver _check Bash bash 3.2

ver _check Binutils | d 2.13.1

ver _check Bi son bi son 2.7

ver _check Diffutils di ff 2.8.1

ver _check Findutils find 4.2.31

ver _check Gawk gawk 4.0.1

ver _check GCC gcc 5.4

ver _check "GCC (C++)" g++ 5.4

ver _check G ep grep 2.5.1a

ver _check Gzip gzip 1.3.12

ver _check M4 4 1.4.10

ver _check Make make 4.0

ver _check Patch pat ch 2.5.4

ver _check Perl per | 5.8.8

ver _check Python python3 3.4

ver _check Sed sed 4.1.5

ver _check Tar tar 1.22

ver _check Texinfo texi 2any 5.0

ver _check Xz Xz 5.0.0

ver _kernel 5.4

if mount | grep -q 'devpts on /dev/pts' && [ -e /dev/ptnx ]
t hen echo "OK: Li nux Kernel supports UNI X 98 PTY"

el se echo "ERROR Linux Kernel does NOT support UNI X 98 PTY"; fi

al i as_check() {

if $1 --version 2>&1 | grep -gi $2
then printf "OK %4s is $2\n" "$1";
else printf "ERROR %4s is NOT $2\n" "$1"; f

}

echo "Aliases:"

al i as_check awk G\U

al i as_check yacc Bison

al i as_check sh Bash

echo " Conpil er check:"

if printf "int min(){}" | g++ -x c++ -

t hen echo "OK: g++ wor ks"

el se echo "ERROR g++ does NOT work"; fi

rm-f a.out

st op"

if [ "$(nproc)" ="" ], then
echo "ERROR nproc is not available or it produces enpty output"
el se
echo "OK: nproc reports $(nproc) |ogical cores are avail abl e"
f
ECF

bash versi on-check. sh
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2.3. Building LFS in Stages

LFSisdesigned to be built in one session. That is, the instructions assume that the system will not be shut down during
the process. This does not mean that the system hasto be built in one sitting. The issue is that certain procedures must
be repeated after a reboot when resuming LFS at different points.

2.3.1. Chapters 1-4

These chapters run commands on the host system. When restarting, be certain of one thing:

» Procedures performed asther oot user after Section 2.4 must have the LFS environment variable set FOR THE
ROOT USER.

2.3.2. Chapters 5-6

» The/mnt/Ifs partition must be mounted.

» These two chapters must be done asuser | fs. A su - Ifs command must be issued before performing any task in
these chapters. If you don't do that, you are at risk of installing packages to the host, and potentially rendering it
unusable.

» The procedures in General Compilation Instructions are critical. If there is any doubt a package has been installed
correctly, ensure the previously expanded tarball has been removed, then re-extract the package, and complete all
the instructions in that section.

2.3.3. Chapters 7-10

* The/mnt/lfs partition must be mounted.

» A few operations, from “Preparing Virtual Kernel File Systems’ to “Entering the Chroot Environment,” must be
done astheroot user, with the LFS environment variable set for ther oot user.

» When entering chroot, the LFS environment variable must be set for r oot . The LFS variable is not used after the
chroot environment has been entered.

» Thevirtua file systems must be mounted. This can be done before or after entering chroot by changing to a
host virtual terminal and, asr oot , running the commands in Section 7.3.1, “Mounting and Populating /dev” and
Section 7.3.2, “Mounting Virtual Kernel File Systems.”

2.4. Creating a New Partition

Like most other operating systems, LFS is usually installed on a dedicated partition. The recommended approach to
building an LFS system isto use an available empty partition or, if you have enough unpartitioned space, to create one.

A minimal system requires a partition of around 10 gigabytes (GB). Thisis enough to store all the source tarballs and
compile the packages. However, if the LFS system isintended to be the primary Linux system, additional software will
probably be installed which will require additional space. A 30 GB partition is areasonable size to provide for growth.
The LFS system itself will not take up this much room. A large portion of this requirement isto provide sufficient free
temporary storage aswell asfor adding additional capabilities after LFSiscomplete. Additionally, compiling packages
can require alot of disk space which will be reclaimed after the package is installed.

Because there is not always enough Random Access Memory (RAM) available for compilation processes, it is a good
idea to use a small disk partition as swap space. Thisis used by the kernel to store seldom-used data and leave more
memory available for active processes. The swap partition for an LFS system can be the same as the one used by the
host system, in which caseit is not necessary to create another one.
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Start a disk partitioning program such as cfdisk or fdisk with a command line option naming the hard disk on which
the new partition will be created—for example/ dev/ sda for the primary disk drive. Create a Linux native partition and
aswap partition, if needed. Please refer to cfdisk(8) or fdisk(8) if you do not yet know how to use the programs.

% Note
’ 4

For experienced users, other partitioning schemes are possible. The new LFS system can be on a software
RAID array or an LVM logical volume. However, some of these options require an initramfs, which is an
advanced topic. These partitioning methodologies are not recommended for first time LFS users.

Remember the designation of the new partition (e.g., sdas). This book will refer to this as the LFS partition. Also
remember the designation of the swap partition. These names will be needed later for the/ et ¢/ f st ab file.

2.4.1. Other Partition Issues

Requests for advice on system partitioning are often posted on the LFS mailing lists. Thisis a highly subjective topic.
The default for most distributions is to use the entire drive with the exception of one small swap partition. Thisis not
optimal for LFS for several reasons. It reduces flexibility, makes sharing of data across multiple distributions or LFS
builds more difficult, makes backups more time consuming, and can waste disk space through inefficient allocation
of file system structures.

2.4.1.1. The Root Partition

A root LFS partition (not to be confused with the/r oot directory) of twenty gigabytesis a good compromise for most
systems. It provides enough space to build LFS and most of BLFS, but is small enough so that multiple partitions can
be easily created for experimentation.

2.4.1.2. The Swap Partition

Most distributions automatically create a swap partition. Generally the recommended size of the swap partition is about
twice the amount of physical RAM, however thisis rarely needed. If disk spaceis limited, hold the swap partition to
two gigabytes and monitor the amount of disk swapping.

If you want to use the hibernation feature (suspend-to-disk) of Linux, it writes out the contents of RAM to the swap
partition before turning off the machine. In this case the size of the swap partition should be at least as large as the
system'sinstalled RAM.

Swapping is never good. For mechanical hard drives you can generally tell if asystem is swapping by just listening to
disk activity and observing how the system reacts to commands. With an SSD you will not be able to hear swapping,
but you can tell how much swap space is being used by running the top or free programs. Use of an SSD for a swap
partition should be avoided if possible. Thefirst reaction to swapping should be to check for an unreasonable command
such as trying to edit a five gigabyte file. If swapping becomes a normal occurrence, the best solution is to purchase
more RAM for your system.

2.4.1.3. The Grub Bios Partition

If the boot disk has been partitioned with a GUID Partition Table (GPT), then a small, typically 1 MB, partition must
be created if it does not already exist. This partition is not formatted, but must be available for GRUB to use during
installation of the boot loader. This partition will normally be labeled 'BIOS Boot' if using fdisk or have a code of
EFO02 if using the gdisk command.
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% Note
’ 4

The Grub Bios partition must be on the drive that the BIOS uses to boot the system. Thisis not necessarily
the drive that holds the LFS root partition. The disks on a system may use different partition table types. The
necessity of the Grub Bios partition depends only on the partition table type of the boot disk.

2.4.1.4. Convenience Partitions

There are several other partitions that are not required, but should be considered when designing a disk layout. The
following list is not comprehensive, but is meant as a guide.

* /boot — Highly recommended. Use this partition to store kernels and other booting information. To minimize
potential boot problems with larger disks, make this the first physical partition on your first disk drive. A partition
size of 200 megabytes is adequate.

* /boot/efi — The EFI System Partition, which is needed for booting the system with UEFI. Read the BLFS page for
details.

» /home — Highly recommended. Share your home directory and user customization across multiple distributions or
LFSbuilds. The sizeis generally fairly large and depends on available disk space.

e Jusr —INLFS, /bin,/1ib,and/sbinaresymlinksto their counterpartsin/usr. So/usr contains all the binaries
needed for the system to run. For LFS a separate partition for / usr is normally not needed. If you create it anyway,
you should make a partition large enough to fit al the programs and libraries in the system. The root partition
can be very small (maybe just one gigabyte) in this configuration, so it's suitable for athin client or diskless
workstation (where/ usr is mounted from a remote server). However, you should be aware that an initramfs (not
covered by LFS) will be needed to boot a system with a separate/ usr partition.

» /opt — Thisdirectory is most useful for BLFS, where multiple large packages like KDE or Texlive can be installed
without embedding the files in the /usr hierarchy. If used, 5 to 10 gigabytes is generally adequate.

» /tmp — By default, systemd mounts at npf s here. If you want to override that behavior, follow Section 9.10.3,
“Disabling tmpfsfor /tmp” when configuring the LFS system.

 Jusr/src —This partition is very useful for providing alocation to store BLFS source files and share them across
LFSbuilds. It can also be used as alocation for building BLFS packages. A reasonably large partition of 30-50
gigabytes provides plenty of room.

Any separate partition that you want automatically mounted when the system starts must be specifiedinthe/ et c/ f st ab
file. Details about how to specify partitions will be discussed in Section 10.2, “ Creating the /etc/fstab File’.

2.5. Creating a File System on the Partition

A partitionisjust arange of sectorson adisk drive, delimited by boundaries set in a partition table. Before the operating
system can use a partition to store any files, the partition must be formatted to contain afile system, typically consisting
of alabel, directory blocks, data blocks, and an indexing scheme to locate a particular file on demand. The file system
also helps the OS keep track of free space on the partition, reserve the needed sectors when anew fileis created or an
existing file is extended, and recycle the free data segments created when files are deleted. It may also provide support
for data redundancy, and for error recovery.

LFS can use any file system recognized by the Linux kernel, but the most common types are ext3 and ext4. The choice
of the right file system can be complex; it depends on the characteristics of the files and the size of the partition. For
example:
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ext2
is suitable for small partitions that are updated infrequently such as /boot.

ext3

isan upgradeto ext2 that includes ajournal to help recover the partition's status in the case of an unclean shutdown.
It iscommonly used as a general purpose file system.

ext4

isthe latest version of the ext family of file systems. It provides several new capabilities including nano-second
timestamps, creation and use of very large files (up to 16 TB), and speed improvements.

Other file systems, including FAT32, NTFS, JFS, and XFS are useful for specialized purposes. Moreinformation about
these file systems, and many others, can be found at https://en.wikipedia.org/wiki/Comparison of file systems.

LFS assumes that the root file system (/) is of type ext4. To create an ext 4 file system on the LFS partition, issue the
following command:

nkfs -v -t ext4 /dev/ <xxx>

Replace <xxx> with the name of the LFS partition.

If you are using an existing swap partition, there is no need to format it. If anew swap partition was created, it will
need to beinitialized with this command:

nkswap / dev/ <yyy>

Replace <yyy> with the name of the swap partition.

2.6. Setting the $LFS Variable and the Umask

Throughout this book, the environment variable LFs will be used several times. Y ou should ensure that this variable
is always defined throughout the LFS build process. It should be set to the name of the directory where you will be
building your LFS system - we will use/mt /1 fs asan example, but you may choose any directory name you want. |f
you are building LFS on a separate partition, this directory will be the mount point for the partition. Choose a directory
location and set the variable with the following command:

export LFS=/mt/|fs

Having this variable set is beneficial in that commands such as mkdir -v $L FS/tools can be typed literally. The shell
will automatically replace “$LFS’ with “/mnt/Ifs’ (or whatever value the variable was set to) when it processes the
command line.

Now set the file mode creation mask (umask) to 022 in case the host distro uses a different default:

umask 022

Setting the umask to 022 ensures that newly created files and directories are only writable by their owner, but are
readable and searchable (only for directories) by anyone (assuming default modes are used by the open(2) system call,
new files will end up with permission mode 644 and directories with mode 755). An overly-permissive default can
leave security holesin the LFS system, and an overly-restrictive default can cause strange issues building or using the
LFS system.
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Caution

Do not forget to check that LFs is set and the umask is set to 022 whenever you leave and reenter the current
working environment (such as when doing a su to root or another user). Check that the LFs variable is set
up properly with:

echo $LFS

Make sure the output shows the path to your LFS system's build location, which is/mt /1 fs if the provided
example was followed.

Check that the umask is set up properly with:

umask

The output may be 0022 or 022 (the number of leading zeros depends on the host distro).

If any output of these two commands is incorrect, use the command given earlier on this page to set $LFs to
the correct directory name and set umask to 022.

Note

Oneway to ensure that the LFs variable and the umask are always set properly isto edit the. bash_profil e file
in both your personal homedirectory andin/root /. bash_pr of i I e and enter the export and umask commands
above. In addition, the shell specified in the/ et ¢/ passwd file for all users that need the LFs variable must be
bash to ensure that the . bash_profi I e fileisincorporated as a part of the login process.

Another consideration is the method that is used to log into the host system. If logging in through a graphical
display manager, the user's. bash_prof i | e isnot normally used when avirtual terminal is started. In this case,
add the commands to the . bashr ¢ file for the user and r oot . In addition, some distributions use an "if" test,
and do not run the remaining . bashr ¢ instructions for a non-interactive bash invocation. Be sure to place the
commands ahead of the test for non-interactive use.

2.7. Mounting the New Partition

Now that a file system has been created, the partition must be mounted so the host system can access it. This book
assumes that the file system is mounted at the directory specified by the LFs environment variable described in the
previous section.

Strictly speaking, one cannot “mount a partition.” One mounts the file system embedded in that partition. But since
a single partition can't contain more than one file system, people often speak of the partition and the associated file
system asif they were one and the same.

Create the mount point and mount the LFS file system with these commands:

nkdir -pv $LFS

nmount

-v -t ext4 /dev/<xxx> $LFS

Replace <xxx> with the name of the LFS partition.

If you are using multiple partitions for LFS (e.g., one for / and another for / hore), mount them like this:
mkdir -pv $LFS

nmount
nkdi r
nmount

-v -t ext4 /dev/<xxx> $LFS
-v $LFS/ hone
-v -t ext4 /dev/<yyy> $LFS/ hone
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Replace <xxx> and <yyy> with the appropriate partition names.

Set the owner and permission mode of the sLFs directory (i.e. theroot directory in the newly created file system for the
LFS system) toroot and 755 in case the host distro has been configured to use adifferent default for mkfs:

chown root:root $LFS
chnod 755 $LFS

Ensure that this new partition is not mounted with permissions that are too restrictive (such as the nosui d Or nodev
options). Run the mount command without any parameters to see what options are set for the mounted LFS partition.
If nosui d and/or nodev are set, the partition must be remounted.

. Warning

The aboveinstructions assumethat you will not restart your computer throughout the L FS process. If you shut
down your system, you will either need to remount the LFS partition each time you restart the build process,
or modify the host system's/ et ¢/ f st ab file to automatically remount it when you reboot. For example, you
might add thislineto your / et c/ f st ab file:

\/dev/<xxx> /mt/1fs ext4 defaults 1 1

If you use additional optional partitions, be sure to add them also.

If you are using aswap partition, ensure that it is enabled using the swapon command:

‘/sbin/smapon -v /dev/<zzz>

Replace <zzz> with the name of the swap partition.

Now that the new LFS partition is open for business, it's time to download the packages.
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Chapter 3. Packages and Patches

3.1. Introduction

This chapter includes alist of packages that need to be downloaded in order to build abasic Linux system. The listed
version numbers correspond to versions of the software that are known to work, and this book is based on their use. We
highly recommend against using different versions, because the build commands for one version may not work with a
different version, unless the different version is specified by an LFS erratum or security advisory. The newest package
versions may aso have problems that require work-arounds. These work-arounds will be developed and stabilized in
the development version of the book.

For some packages, therelease tarball and the (Git or SV N) repository snapshot tarball for that rel ease may be published
with similar or even identical file names. But the release tarball may contain some files which are essential despite
not stored in the repository (for example, a configure script generated by autoconf), in addition to the contents of
the corresponding repository snapshot. The book uses release tarballs whenever possible. Using arepository snapshot
instead of arelease tarball specified by the book will cause problems.

Download locations may not aways be accessible. If adownload location has changed since this book was published,
Google (https://www.google.comV) provides a useful search engine for most packages. If this search is unsuccessful,
try one of the aternative means of downloading at https://mww.linuxfromscratch.org/Ifs/mirrors.html#files.

' I mportant

Listed on the next page are several important packages|ocated at f t pni rror . gnu. or g. The canonical location
of the subject packagesaref t p. gnu. or g but dueto along term distributed denial of services(DDOS) attack the
site administrator suggested the LFS editorsto usef t pni rror . gnu. or g instead. See Sashdot Newsfor details.

Theftpnirror. gnu. org URL actually redirects to one of the mirrors of the ft p. gnu. org Site. You may also
select amirror manually instead of using ft pmi rror. gnu. org. A list of mirrorsislocated at https://mww.gnu.
org/prep/ftp.en.ntml. If you choose to use the wget list described below, that file also can be modified to use
your desired mirror.

Downloaded packages and patches will need to be stored somewhere that is conveniently available throughout the
entire build. A working directory isalso required to unpack the sources and build them. $LFs/ sour ces can be used both
as the place to store the tarballs and patches and as a working directory. By using this directory, the required elements
will be located on the LFS partition and will be available during all stages of the building process.

To create this directory, execute the following command, as user r oot , before starting the download session:

nkdir -v $LFS/ sources

Makethisdirectory writable and sticky. “ Sticky” meansthat even if multiple users have write permission on adirectory,
only the owner of afile can delete the file within a sticky directory. The following command will enable the write
and sticky modes:

chnmod -v a+wt $LFS/ sources
There are several ways to obtain all the necessary packages and patchesto build LFS:

» Thefiles can be downloaded individually as described in the next two sections.

» For stable versions of the book, atarball of all the needed files can be downloaded from one of the mirror sites
listed at https://mwww.linuxfromscratch.org/mirrors.htmi#files.
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» Thefiles can be downloaded using wget and a wget-list as described below.
To download all of the packages and patches by using wget-list-systemd as an input to the wget command, use:

wget --input-file=wget-list-systemd --continue --directory-prefix=$LFS/ sources

Additionally, starting with LFS-7.0, there is a separate file, md5sums, which can be used to verify that all the correct
packages are available before proceeding. Place that filein $LFS/ sour ces and run:

pushd $LFS/ sour ces
md5sum - ¢ nd5suns

popd
This check can be used after retrieving the needed files with any of the methods listed above.

If the packages and patches are downloaded as a non-r oot user, these files will be owned by the user. The file system
records the owner by its UID, and the UID of anormal user in the host distro is not assigned in LFS. So the files will
be left owned by an unnamed UID in the final LFS system. If you won't assign the same UID for your user in the LFS
system, change the owners of these filesto r oot Now to avoid thisissue:

chown root:root $LFS/ sources/*

3.2. All Packages

% Note
s

Read the security advisories before downloading packages to figure out if a newer version of any package
should be used to avoid security vulnerabilities.

The upstream sources may remove old releases, especialy when those releases contain a security
vulnerability. If one URL below is not reachable, you should read the security advisoriesfirst to figure out if
anewer version (with the vulnerability fixed) should be used. If not, try to download the removed package
from amirror. Although it's possible to download an old release from a mirror even if this release has been
removed because of avulnerability, it's not agood ideato use arel ease known to be vulnerable when building
your system.

Download or otherwise obtain the following packages:

* Acl (2.3.2) - 363 KB:

Home page: https://savannah.nongnu.or g/projects/acl

Download: https://download.savannah.gnu.org/rel eases/acl/acl-2.3.2.tar .xz
MD5 sum: 590765dee95907dbc3c856f 7255bd669

 Attr (2.5.2) - 484 KB:

Home page: https://savannah.nongnu.or g/projects/attr

Download: https://download.savannah.gnu.org/rel eased/attr/attr-2.5.2.tar.gz
MD5 sum: 227043ec2f 6ca03c0948df 5517f 9¢927

* Autoconf (2.72) - 1,360 KB:

Home page: https://www.gnu.or g/softwar e/autoconf/

Download: https://ftpmirror.gnu.org/autoconf/autoconf-2.72.tar.xz
MD5 sum: 1be79f 7106ab6767f 18391c5e22be701
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» Automake (1.18.1) - 1,614 KB:

Home page: https.//www.gnu.or g/softwar e/automake/

Download: https://ftpmirror.gnu.org/automake/automake-1.18.1.tar.xz
MD5 sum: cea31dbf 1120f 890cbhf 2a3032cf b9a68

* Bash (5.3) - 11,089 K B:

Home page: https://www.gnu.or g/softwar e/bash/
Download: https://ftpmirror.gnu.org/bash/bash-5.3.tar.gz
MD5 sum: 977¢c8c0c5ae6309191e7768e28ebc951

*Bc (7.0.3) - 464 KB:

Home page: https://github.com/gavinhoward

Download: https://github.com/gavinhowar d/bc/rel eases/download/7.0.3/bc-7.0.3.tar .xz
MD5 sum: ad4db5a0eb4f dbb3f 6813be4b6b3da74

* Binutils (2.46.0) - 27,880 K B:

Home page: https://mww.gnu.or g/software/binutils/

Download: https://sourceware.org/pub/binutils/releases/binutils-2.46.0.tar .xz
MD5 sum: 81bb6810bcd1119819dc0804956e1c92

* Bison (3.8.2) - 2,752 KB:

Home page: https://www.gnu.or g/softwar e/bi son/

Download: https://ftpmirror.gnu.org/bison/bison-3.8.2.tar.xz
MD5 sum: c28f 119f 405a2304f f 0a7ccdcc629713

* Bzip2(1.0.8) - 792 KB:
Download: https://www.sour ceware.org/pub/bz p2/bzip2-1.0.8.tar.gz
MD5 sum: 67e051268d0c475ea773822f 7500d0e5

* Coreutils (9.10) - 6,356 KB:

Home page: https://www.gnu.or g/softwar e/coreutils/

Download: https://ftpmirror.gnu.org/coreutils/coreutils-9.10.tar.xz
MD5 sum: bo482ebec42f d48e95ch9187d566b9e4

* D-Bus(1.16.2) - 1,090 KB:

Home page: https://www.freedesktop.or g/wiki/Software/dbus

Download: https://dbus.freedesktop.org/rel eases/dbus/dbus-1.16.2.tar .xz
MD5 sum: 97832e6f 0a260936d28536€5349c22e5

* DgjaGNU (1.6.3) - 608 KB:

Home page: https://www.gnu.or g/softwar e/dejagnu/

Download: https://ftpmirror.gnu.org/dejagnu/dejagnu-1.6.3.tar.gz
MDS5 sum: 68c5208c58236eba447d7d6d1326b821

* Diffutils (3.12) - 1,894 KB:

Home page: https.//www.gnu.or g/softwar e/diffutils/

Download: https://ftpmirror.gnu.org/diffutil§/diffutils-3.12.tar .xz

MDS5 sum: d1b18b20868f b561f 77861cd90b05de4

» E2fsprogs (1.47.3) - 9,851 KB:

Home page: https://e2fsprogs.sour ceforge.net/

Download: https://downl oads.sour cefor ge.net/pr oj ect/e2fsprogs/e2fsprogs/vl.47.3/e2fsprogs-1.47.3.tar.gz
MD5 sum: 113d7a7ee0710d2a670a44692a35f d2e
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* Elfutils (0.194) - 11,722 KB:

Home page: https://sourceware.org/elfutils/

Download: https://sourceware.or g/ftp/elfutils/0.194/elfutils-0.194.tar .bz2
MD5 sum: 1137792ea10€9194637d7344439a5955

* Expat (2.7.4) - 496 KB:

Home page: https://libexpat.github.io/

Download: https://github.convlibexpat/libexpat/releases/download/R 2 7 4/expat-2.7.4.tar.xz
MD5 sum: 5d3d1e1c829f 8f b6f 42b8e3e2371af a3

* Expect (5.45.4) - 618 KB:

Home page: https://core.tcl.tk/expect/

Download: https://prdownloads.sour cefor ge.net/expect/expect5.45.4.tar.gz
MDS5 sum: 00f ce8de158422f 5¢ccd2666512329bd2

* File (5.46) - 1,283 KB:

Home page: https://mwww.darwinsys.com/file/
Download: https://astron.comypubf/file/file-5.46.tar.gz
MD5 sum: 459da2d4b534801e2¢2861611d823864

* Findutils (4.10.0) - 2,189 K B:

Home page: https://www.gnu.or g/softwar e/findutils/

Download: https://ftpmirror.gnu.org/findutilg/findutils-4.10.0.tar .xz
MD5 sum: 870cf d71c07d37ebe56f 9f 4aaf 4ad872

* Flex (2.6.4) - 1,386 KB:

Home page: https://github.com/westes/flex

Download: https://github.com/westes/flex/r el eases/downl oad/v2.6.4/flex-2.6.4.tar.gz
MD5 sum: 2882e3179748cc9f 9c23ec593d6adc8d

* Flit-core (3.12.0) - 53 KB:

Home page: https://pypi.org/project/flit-core/

Download: https://pypi.org/packages/sourceff/flit-core/flit_core-3.12.0.tar.gz
MDS5 sum: ¢538415c1f 27bd69cbbbf 3cdd5135d39

» Gawk (5.3.2) - 3,662 KB:

Home page: https://www.gnu.or g/softwar e/gawk/

Download: https://ftpmirror.gnu.org/gawk/gawk-5.3.2.tar .xz
MD5 sum: b7014650c5f 45e5d4837¢31209dc0037

* GCC (15.2.0) - 98,688 K B:

Home page: https://gcc.gnu.org/

Download: https://ftpmirror.gnu.org/gcc/gee-15.2.0/gec-15.2.0.tar.xz
MD5 sum: b861b092bf 1af 683c46a8aa2e689a6f d

* GDBM (1.26) - 1,198 KB:

Home page: https://www.gnu.or g/softwar e/gdbnm/
Download: https://ftpmirror.gnu.org/gdbm/gdbm-1.26.tar.gz
MD5 sum: aaa600665bc89e2f ebb3c7bd90679115
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* Gettext (1.0) - 10,471 KB:

Home page: https://www.gnu.or g/softwar e/gettext/
Download: https://ftpmirror.gnu.org/gettext/gettext-1.0.tar.xz
MDS5 sum: dc8b2911535929cec1e263706b0al3al

* Glibc (2.43) - 19,822 KB:

Home page: https.//www.gnu.or g/softwar e/libc/

Download: https://ftpmirror.gnu.org/glibc/glibc-2.43.tar.xz
MD5 sum: 7ec2588300b299215a65aec7e6af a04f

% Note
' The Glibc devel opers maintain a Git branch containing patches considered worthy for Glibc-2.43 but
unfortunately developed after Glibc-2.43 release. The LFS editors will issue a security advisory if any
security fix is added into the branch, but no actions will be taken for other newly added patches. Y ou may
review the patches yourself and incorporate some patches if you consider them important.

* GMP (6.3.0) - 2,046 KB:

Home page: https: //www.gnu.or g/softwar e/gmp/
Download: https://ftpmirror.gnu.org/gmp/gmp-6.3.0.tar.xz
MDS5 sum: 956dc04e864001a9c22429f 761f 2c283

* Gperf (3.3) - 1,789 KB:

Home page: https://www.gnu.or g/softwar e/gperf/
Download: https://ftpmirror.gnu.org/gperf/gperf-3.3.tar.gz
MD5 sum: 31753b021ea78a21f 154bf 9eech8b079

*Grep (3.12) - 1,874 KB:

Home page: https://www.gnu.or g/softwar e/grep/
Download: https://ftpmirror.gnu.org/grep/grep-3.12.tar.xz
MD5 sum: 5d9301ed9d209c4a88c8d3a6f d08h9ac

* Groff (1.23.0) - 7,259 KB:

Home page: https://www.gnu.or g/softwar e/gr off/

Download: https://ftpmirror.gnu.org/groff/groff-1.23.0.tar.gz
MD5 sum: 5e4f 40315a22bb8a158748e7d5094c7d

* GRUB (2.14) - 7,545 KB:

Home page: https://www.gnu.or g/softwar e/grub/
Download: https://ftpmirror.gnu.org/grub/grub-2.14.tar.xz
MD5 sum: 383f 9ef f ad01¢235d2535357f f 717543

» Gzip (1.14) - 865 KB:

Home page: https://mwww.gnu.or g/softwar e/gzip/

Download: https://ftpmirror.gnu.org/gzip/gzip-1.14.tar .xz

MD5 sum: 4bf 5a10f 287501ee8e8ebe00ef 62b2c2

* lana-Etc (20260202) - 594 K B:

Home page: https.//www.iana.or g/protocols

Download: https:.//github.conVMic92/iana-etc/r el eases/downl 0ad/20260202/i ana-etc-20260202.tar.gz
MD5 sum: f €91258a0760912f 61f 1d6b200a1d885
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* Inetutils (2.7) - 3,084 KB:

Home page: https://www.gnu.or g/softwar e/inetutils/

Download: https://ftpmirror.gnu.org/inetutils/inetutils-2.7.tar.gz
MD5 sum: eed294e7b170cbbb0f f 86493ef 4c1273

* Intltool (0.51.0) - 159 KB:

Home page: https://freedesktop.org/wiki/Softwar e/intltool

Download: https://launchpad.net/intltool/trunk/0.51.0/+ download/intltool-0.51.0.tar.gz
MD5 sum: 12e517cac2b57a0121cda351570f 1e63

* IPRoute2 (6.18.0) - 924 KB:

Home page: https://www.kernel .or g/pub/linux/utils/net/i proute2/

Download: https://www.kernel .or g/pub/linux/utils/net/i proute2/iproute2-6.18.0.tar.xz
MD5 sum: 9e3f 70620db43f e0ecab29b36a47914d

« Jinja2 (3.1.6) - 240 K B:

Home page: https://jinja.palletsprojects.com/en/3.1.x/

Download: https://pypi.org/packages/source/J/Jinja2/jinja2-3.1.6.tar.gz
MD5 sum: 66d4c25f f 43d1deaf 9637ccda523dec8

* Kbd (2.9.0) - 1,492 KB:

Home page: https://kbd-project.org/

Download: https.//www.kernel .org/pub/linux/utils/kbd/kbd-2.9.0.tar .xz
MD5 sum: 7be7c6f 658f 5f b9512e2c490349a8eeb

* Kmod (34.2) - 434 KB:

Home page: https://github.com/kmod-proj ect/kmod

Download: https://www.kernel .or g/pub/linux/utils/ker nel/kmod/kmod-34.2.tar .xz
MD5 sum: 36f 2cc483745e81ede3406f a55e1065a

* Less(692) - 965 KB:

Home page: https://www.greenwoodsoftwar e.convless/

Download: https://www.greenwoodsoftwar e.convless/less-692.tar.gz
MD5 sum: 4ef d31e34ecf 7682a6¢62a3c53007600

« Libcap (2.77) - 196 K B:

Home page: https://sites.google.comvsite/fullycapabl e/

Download: https://mww.kernel.org/pub/linux/libs/security/linux-privs/libcap2/libcap-2.77.tar .xz
MD5 sum: 58048c92f 90ef 8513c17f b9c24c2c1bd

* Libffi (3.5.2) - 1,390 KB:

Home page: https://sourceware.or g/libffi/

Download: https://github.convVlibffi/libffi/rel eases/downl oad/v3.5.2/1ibffi-3.5.2.tar.gz

MD5 sum: 92af 9ef ad4ba398995abf 44835c5d9e9

* Libpipeline (1.5.8) - 1,046 KB:

Home page: https://libpipeline.nongnu.org/

Download: https://download.savannah.gnu.org/rel eases/libpipeline/libpipeline-1.5.8.tar.gz
MD5 sum: 17ac6969b2015386bch5d278a08a40b5
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* Libtool (2.5.4) - 1,033 KB:

Home page: https://www.gnu.or g/softwar e/libtool/

Download: https://ftpmirror.gnu.org/libtool/libtool-2.5.4.tar.xz
MD5 sum: 22e0a29df 8af 5f dde276ea3a7d351d30

* Libxcrypt (4.5.2) - 655 KB:

Home page: https:.//github.convbesser 82/libxcrypt/

Download: https://github.convbesser 82/libxcrypt/rel eases/downl oad/v4.5.2/libxcrypt-4.5.2.tar .xz
MD5 sum: 25e888919ddcd153a07daa95224f a436

* Linux (6.18.10) - 150,743 KB:

Home page: https://www.kernel.org/

Download: https://www.kernel .or g/pub/linux/ker nel /v6.x/linux-6.18.10.tar .xz
MD5 sum: 660e706a43f 634b1f cd911f 8839d2f 61

% Note

' The Linux kernel is updated quite frequently, many times due to discoveries of security vulnerabilities. The
latest available stable kernel version may be used, unless the errata page says otherwise.
For users with limited speed or expensive bandwidth who wish to update the Linux kernel, a baseline
version of the package and patches can be downloaded separately. This may save some time or cost for a
subsequent patch level upgrade within aminor release.
As an example, for linux-6.18.10, the following could be downloaded:
* https://www.kernel .or g/publ/linux/ker nel/v6.x/linux-6.18.tar.xz
* https://www.ker nel .or g/pub/linux/ker nel /v6.x/patch-6.18.10.xz
Thenin Section 5.4, “Linux-6.18.10 APl Headers’ and Section 10.3, “Linux-6.18.10" unpack the kernel,
change to the package directory and then apply the patch with xzcat ../patch-6.18.10.xz | patch - Npl.
At this point, if a newer point version of the kernel is needed, then only the newer patch is needed.
However, if anew minor version is desired, then both full minor version and any desired patch will both
need to be downloaded.

*Lz4(1.10.0) - 379KB:

Home page: https://1z4.org/

Download: https://github.conV|z4/1z4/r el eases/downl oad/v1.10.0/1z4-1.10.0.tar.gz
MD5 sum: dead9of 5f 1966d9ae56e1e32761e4e675

*M4(1.4.21) - 2,032 KB:

Home page: https://www.gnu.or g/softwar e/mé/

Download: https://ftpmirror.gnu.org/md/md-1.4.21.tar.xz

MD5 sum: 8051eef 7239b2f 187791f 2ab0034d6b7

* Make (4.4.1) - 2,300 KB:

Home page: https://www.gnu.or g/softwar e/make/

Download: https://ftpmirror.gnu.org/make/make-4.4.1.tar.gz

MD5 sum: c8469a3713cbbe04d955d4aedbe23eeb

* Man-DB (2.13.1) - 2,061 KB:

Home page: https://www.nongnu.or g/man-db/

Download: https://downl oad.savannah.gnu.or g/rel eases/man-db/man-db-2.13.1.tar.xz
MD5 sum: b6335533cheac3b24cd7be31f dee8c83
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* Man-pages (6.17) - 1,853 KB:

Home page: https://www.ker nel.or g/doc/man-pages/

Download: https://www.kernel .or g/pub/linux/docs/man-pages/man-pages-6.17.tar .xz
MD5 sum: 4327b009d63a6e0f c27df 3e4c9e7369b

» MarkupSafe (3.0.3) - 79 KB:

Home page: https://palletsproj ects.convp/markupsafe/

Download: https://pypi.org/packages/source/M/Mar kupSafe/mar kupsafe-3.0.3.tar.gz
MD5 sum: 13a73126d25af a72alf f 0daed072f 5f e

* Meson (1.10.1) - 2,358 KB:

Home page: https://mesonbuild.com

Download: https://github.convmesonbuild/meson/r el eases/download/1.10.1/meson-1.10.1.tar.gz
MD5 sum: elc12d275f 8aae9f ae71df f 3d6891746

* MPC (1.3.1) - 756 KB:

Home page: https: //www.multiprecision.org/

Download: https://ftpmirror.gnu.org/mpc/mpc-1.3.1.tar.gz
MD5 sum: 5¢9bc658¢9f dof 940e8e3e0f 09530¢62

* MPFR (4.2.2) - 1,471 KB:

Home page: https://www.mpfr.org/

Download: https://ftpmirror.gnu.org/mpfr/mpfr-4.2.2.tar .xz
MD5 sum: 7¢32¢c39b8b6e3ae85f 25156228156061

* Ncurses (6.6) - 3,703 KB:

Home page: https://www.gnu.or g/softwar e/ncur ses/

Download: https://invisible-mirror.net/archives/ncur ses/ncurses-6.6.tar.gz

MD5 sum: dd45bf 6854430af 403452a7a6a40652¢

* Ninja (1.13.2) - 286 KB:

Home page: https://ninja-build.org/

Download: https://github.convninja-build/ninja/archive/vl.13.2/ninja-1.13.2.tar.gz
MD5 sum: 76c00637f de44909cd7d56f 8d73f 2042

* OpenSSL (3.6.1) - 53,606 KB:

Home page: https://www.opensd-library.org/

Download: https://github.convopenssl/openssl/r el eases/downl oad/openssl-3.6.1/openssl-3.6.1.tar.gz
MD5 sum: 589777dc85ebbf eca70161c0c384d572

 Packaging (26.0) - 141 KB:

Home page: https://pypi.org/project/packaging/

Download: https:.//files.pythonhosted.or g/packages/sour ce/p/packaging/packaging-26.0.tar.gz
MD5 sum: 2cbdbb5754f 038736¢3c361826c6872a

* Patch (2.8) - 886 KB:

Home page: https://savannah.gnu.org/projects/patch/
Download: https://ftpmirror.gnu.org/patch/patch-2.8.tar.xz
MD5 sum: 149327a021d41c8f 88d034eab41c039f
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* Pcre2 (10.47) - 2,096 KB:

Home page: https:.//github.conVPCRE2Pr o] ect/pcre2/

Download: https://github.conVPCRE2Pr o] ect/pcre2/r el eases/downl oad/pcre2-10.47/pcre2-10.47 .tar .bz2
MD5 sum: aded5840ab5a7d772dd4e16f c294b665

* Perl (5.42.0) - 14,084 KB:

Home page: https://mwww.perl.org/

Download: https://www.cpan.org/src/5.0/perl-5.42.0.tar .xz
MD5 sum: 7a6950a9f 12d01eb96a9d2ed2f 4€0072

» Pkgconf (2.5.1) - 321 KB:

Home page: https://github.com/pkgconf/pkgconf

Download: https://distfiles.ariadne.space/pkgconf/pkgconf-2.5.1.tar .xz
MD5 sum: 3291128c917f db8f ccd8c9e7784b643b

* Procps (4.0.6) - 1,544 KB:

Home page: https:.//gitlab.com/procps-ng/procps/

Download: https://sourcefor ge.net/pr ojects/procps-ng/files/Production/procps-ng-4.0.6.tar .xz
MD5 sum: 20c23dc3dd1569a2bb1d1f a93de213ed

* Psmisc (23.7) - 423 KB:

Home page: https://gitlab.conVpsmisc/psmisc

Download: https://sourceforge.net/pr ojects/psmisc/fil es/psmisc/psmisc-23.7.tar .xz
MD5 sum: 53eae841735189a896d614cba440eb10

* Python (3.14.3) - 23,222 KB:

Home page: https: //mww.python.org/

Download: https://www.python.or g/ftp/python/3.14.3/Python-3.14.3.tar .xz
MDS5 sum: ef 513dcb836d219ae0e2b16ac9c87d0f

* Python Documentation (3.14.3) - 10,609 K B:

Download: https://mww.python.or g/ftp/python/doc/3.14.3/python-3.14.3-docs-html .tar .bz2
MDS5 sum: 005159be74cf 46222d6399f bcOf bOada

* Readline (8.3) - 3,340 K B:

Home page: https://tiswww.case.edu/php/chet/readline/rltop.html
Download: https://ftpmirror.gnu.org/readline/readline-8.3.tar.gz
MD5 sum: 25a73bf b2a3ad7146c5e9d4408d9f 6¢cd

* Sed (4.9) - 1,365 KB:

Home page: https://www.gnu.or g/softwar e/sed/

Download: https://ftpmirror.gnu.org/sed/sed-4.9.tar .xz

MD5 sum: 6aac9b2dbaf cd5b7a67a8a9bch8036¢3

* Setuptools (82.0.0) - 1,119 KB:

Home page: https:.//pypi.org/project/setuptool s/

Download: https://pypi.org/packages/sour ce/s/setuptool s/setuptool s-82.0.0.tar.gz

MD5 sum: 6e65b88d2466b35e86e5187b99502b1c

» Shadow (4.19.3) - 2,293 KB:

Home page: https://github.conm/shadow-maint/shadow/

Download: https://github.convshadow-maint/shadow/r el eases/downl oad/4.19.3/shadow-4.19.3.tar .xz
MD5 sum: c56d98c09e5dbae816250ba5c2285a37
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» Sglite (3510200) - 3,134 KB:

Home page: https://sglite.org

Download: https://sglite.org/2026/sqglite-autoconf-3510200.tar.gz
MDS5 sum: 49600a5739d382c648b1a317e4b57446

* Sglite Documentation (3510200) - 6,109 KB:

Home page: https://sglite.org

Download: https://anduin.linuxfromscratch.org/LFS/sglite-doc-3510200.tar .xz
MDS5 sum: 6f 798c5dcd409ee563684c70be7el16f e

% Note
' The Linux From Scratch team generates its own tarball of the documentation pages using the sglite
documentation zip file. Thisis donein order to avoid unnecessary dependencies.

» Systemd (259.1) - 16,870 KB:

Home page: https://systemd.io

Download: https://github.convsystemd/systemd/ar chive/v259.1/systemd-259.1.tar.gz
MD5 sum: 623f 73826e7702ac08c57f ebb9d20431

» Systemd Man Pages (259.1) - 769 KB:

Home page: https://systemd.io

Download: https://anduin.linuxfromscratch.org/LFS/systemd-man-pages-259.1.tar .xz
MD5 sum: de40a27b137ef 707777811818995363c

% Note
' The Linux From Scratch team generates its own tarball of the man pages using the systemd source. Thisis
donein order to avoid unnecessary dependencies.

e Tar (1.35) - 2,263 KB:

Home page: https://www.gnu.org/software/tar/
Download: https://ftpmirror.gnu.org/tar/tar-1.35.tar.xz
MD5 sum: a2d8042658cf d8ea939e6d911eaf 4152

*Tcl (8.6.17) - 11,450 KB:

Home page: https://tcl.sourceforge.net/

Download: https://downloads.sour cefor ge.net/tcl/tcl8.6.17-src.tar.gz
MD5 sum: 1ec3444533f 54d0f 86cd120058e15e48

 Tcl Documentation (8.6.17) - 1,170 KB:
Download: https://downl oads.sour ceforge.net/tcl/tcl8.6.17-html .tar.gz
MDS5 sum: 60c71044e723b0db5f 21be82929f 3534

* Texinfo (7.2) - 6,259 KB:

Home page: https: //www.gnu.or g/softwar e/texinfo/
Download: https://ftpmirror.gnu.org/texinfo/texinfo-7.2.tar.xz
MDS5 sum: 11939a7624572814912a18e76c8d8972

» Time Zone Data (2025c) - 459 K B:

Home page: https:.//www.iana.or g/time-zones

Download: https://www.iana.or g/time-zones/r epository/rel eases/tzdata2025c¢.tar.gz
MDS5 sum: 7250c862872¢33104b73e7d0bd3cb25f
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o Util-linux (2.41.3) - 9,246 KB:

Home page: https.//git.kernel.org/pub/scnvutils/util-linux/util-linux.git/

Download: https://www.kernel .or g/pub/linux/utils/util-linux/v2.41/util-linux-2.41.3.tar .xz
MD5 sum: d2f aa85303dea29e7f 6ee40a9465e528

*Vim (9.2.0078) - 19,292 K B:

Home page: https:.//mww.vim.org

Download: https://github.com/vim/vim/ar chive/v9.2.0078/vim-9.2.0078.tar.gz

MD5 sum: 592819d17a5f 76d39ddba5651912af e0

% Note
' The version of vim changes daily. To get the latest version, go to https:.//github.com/vim/vim/tags.

* Whesl (0.46.3) - 60 KB:

Home page: https://pypi.org/project/wheel/

Download: https:.//pypi.org/packages/sour ce/w/wheel /wheel-0.46.3.tar.gz

MD5 sum: 61f b0c9633f e7492933a8f 338db23508

e XML::Parser (2.47) - 276 KB:

Home page: https://github.com/chorny/XML-Par ser

Download: https://cpan.metacpan.org/author/id/T/TO/TODDR/XML-Parser-2.47 tar.gz
MD5 sum: 89a8e82cf d2ad948b349c0a69c494463

* Xz Utils(5.8.2) - 1,476 KB:

Home page: https:.//tukaani.org/xz

Download: https://github.conv/tukaani-pr oject/xz/r el eases/downl oad/v5.8.2/xz-5.8.2.tar .xz
MD5 sum: 87c8bb8addf 7189d3a51f 6a5f 03163f ¢

* Zlib (1.3.2) - 1,468 KB:

Home page: https://Zlib.net/

Download: https://Zib.net/fossilg/Zlib-1.3.2.tar.gz

MD5 sum: ale6c958597af 3c67d162995a342138a

e Zstd (1.5.7) - 2,378 KB:

Home page: https://facebook.github.io/zstd/

Download: https://github.convfacebook/zstd/r el eases/downl oad/v1.5.7/zstd-1.5.7 tar.gz
MD5 sum: 780f c1896922b1bc52a4€90980cdda48

Total size of these packages. about 603 MB

3.3. Needed Patches

In addition to the packages, several patches are also required. These patches correct any mistakes in the packages that
should be fixed by the maintainer. The patches also make small modifications to make the packages easier to work
with. The following patches will be needed to build an LFS system:

* Bzip2 Documentation Patch - 1.6 KB:
Download: https://www.linuxfromscratch.org/patches/Ifs/13.0/bzip2-1.0.8-install _docs-1.patch
MDS5 sum: 6a5ac7e89b791aae556de0f 745916f 7f
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* Coreutils Internationalization Fixes Patch - 128 KB:

Download: https://www.linuxfromscratch.org/patches/Ifs/13.0/coreutils-9.10-i18n-1.patch
MD5 sum: 6e9aea31b1662176101e6438a39f dad4

» Expect GCC15 Patch - 12 KB:

Download: https://www.linuxfromscratch.org/patches/Ifs/13.0/expect-5.45.4-gccl5-1.patch
MD5 sum: 0ca4d6bb8d572f bcdb13ch36cd34833e

* Glibc FHS Patch - 2.8 KB:

Download: https://www.linuxfromscratch.org/patches/Ifs/13.0/glibc-fhs-1.patch

MD5 sum: 9a5997¢3452909b1769918¢759¢f f 8a2

» Kbd Backspace/Delete Fix Patch - 12 KB:

Download: https://www.linuxfromscratch.org/patches/Ifs/13.0/kbd-2.9.0-backspace-1.patch
MD5 sum: f 75ccal6a38da6caa7d52151f 7136895

Total size of these patches: about 156.4 KB

In addition to the above required patches, there exist anumber of optional patches created by the LFS community. These
optional patches solve minor problems or enable functionality that is not enabled by default. Feel free to peruse the
patches database located at https:.//www.linuxfromscratch.org/patches/downl oads/ and acquire any additional patches
to suit your system needs.
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Chapter 4. Final Preparations

4.1. Introduction

In this chapter, we will perform afew additional tasksto prepare for building the temporary system. Wewill create a set
of directoriesin sLFs (in which we will install the temporary tools), add an unprivileged user, and create an appropriate
build environment for that user. We will also explain the units of time (“SBUS’) we use to measure how long it takes
to build LFS packages, and provide some information about package test suites.

4.2. Creating a Limited Directory Layout in the LFS Filesystem

In this section, we begin populating the LFS filesystem with the pieces that will constitute the final Linux system.
The first step isto create a limited directory hierarchy, so that the programs compiled in Chapter 6 (as well as glibc
and libstdc++ in Chapter 5) can be installed in their final location. We do this so those temporary programs will be
overwritten when the final versions are built in Chapter 8.

Create the required directory layout by issuing the following commands asr oot :
nkdir -pv $LFS/{etc,var} $LFS/usr/{bin,lib,sbin}

for i in binlib sbin; do
In -sv usr/$i S$LFS $i
done

case $(unanme -n) in
x86_64) nkdir -pv $LFS/I|ib64 ;;
esac

Programsin Chapter 6 will be compiled with across-compiler (more details can befound in section Toolchain Technical
Notes). This cross-compiler will be installed in a special directory, to separate it from the other programs. Still acting
asr oot , create that directory with this command:

nkdir -pv $LFS/tools

% Note
V 4

The LFS editors have deliberately decided not to use a/usr/1i b64 directory. Several steps are taken to be
sure the toolchain will not use it. If for any reason this directory appears (either because you made an error
in following the instructions, or because you installed abinary package that created it after finishing LFS), it
may break your system. Y ou should always be sure this directory does not exist.

4.3. Adding the LFS User

When logged in as user r oot , making a single mistake can damage or destroy a system. Therefore, the packagesin the
next two chapters are built as an unprivileged user. Y ou could use your own user name, but to make it easier to set up
a clean working environment, we will create a new user called | f s as a member of anew group (also named | fs) and
run commands as| f s during the installation process. Asr oot , issue the following commands to add the new user:

groupadd | fs
useradd -s /bin/bash -g Ifs -m-k /dev/null |fs

Thisiswhat the command line options mean:

-s / bi n/ bash
This makes bash the default shell for user 1 fs.
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-g Ifs
Thisoption adds user 1 fs togroup | fs.

-m
This creates ahome directory for | fs.

-k /dev/null

This parameter prevents possible copying of filesfrom a skeleton directory (the defaultis/ et ¢/ skel ) by changing
the input location to the special null device.

| fs
Thisis the name of the new user.

If youwanttologinasifs or switchtol fs fromanon-root user (as opposed to switching to user | fs when logged in
asroot , which does not requirethel f s user to have apassword), you need to set apassword for | f s. Issuethe following
command asther oot user to set the password:

passwd | fs

Grant | fs full accessto all the directories under sLFs by making | f s the owner:

chown -v Ifs $LFS/{usr{,/*}, var, etc, tool s}
case $(unane -n) in

x86_64) chown -v |Ifs $LFS/1ib64 ;;
esac

% Note
V 4

In some host systems, the following su command does not complete properly and suspends the login for the
| fs user to the background. If the prompt "Ifs:~$" does not appear immediately, entering the fg command
will fix the issue.

Next, start ashell running asuser | fs. This can be done by logging in asi fs on avirtual console, or with the following
substitute/switch user command:

su - Ifs

The “-” instructs su to start alogin shell as opposed to a non-login shell. The difference between these two types of
shellsis described in detail in bash(1) and info bash.

4.4. Setting Up the Environment

Set up a good working environment by creating two new startup files for the bash shell. While logged in asuser | f s,
issue the following command to create anew . bash_profi |l e:

cat > ~/.bash_profile << "ECF"
exec env -i HOVE=$HOVE TERM=$TERM PS1="\u:\w $ ' /bin/bash
EOF

When logged on asuser | f s, or when switched to the f s user using an su command with the“- " option, theinitial shell
isalogin shell which readsthe/ et c/ profi | e of the host (probably containing some settings and environment variabl es)
and then . bash_profi | e. Theexecenv -i.../bin/bash commandinthe. bash_profi | e filereplacesthe running shell with
a new one with a completely empty environment, except for the Hove, TERM and ps1 variables. This ensures that no
unwanted and potentially hazardous environment variables from the host system leak into the build environment.
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The new instance of the shell is anon-login shell, which does not read, and execute, the contents of the/etc/ profile
or . bash_profile files, but rather reads, and executes, the . bashr ¢ file instead. Create the . bashr ¢ file now:

cat > ~/.bashrc << "ECF"

set +h

umask 022

LFS=/mt /| fs

LC ALL=POCSI X

LFS TGT=$(unane -mn)-|fs-1inux-gnu

PATH=/ usr/ bi n

if [ ! -L/bin]; then PATH=/bi n: $PATH; fi
PATH=$LFS/ t ool s/ bi n: $PATH

CONFI G_SI TE=$LFS/ usr/ share/config.site
export LFS LC ALL LFS TGT PATH CONFI G SI TE
EOF

The meaning of the settingsin . bashrc

set +h

The set +h command turns off bash's hash function. Hashing is ordinarily a useful feature—bash uses a hash
table to remember the full path to executable files to avoid searching the paTH time and again to find the same
executable. However, the new tools should be used as soon as they are installed. Switching off the hash function
forcesthe shell to search the PATHWhenever aprogram isto be run. As such, the shell will find the newly compiled
toolsin$LFS/ t ool s/ bi n assoon asthey are avail able without remembering a previous version of the same program
provided by the host distro, in/usr/bin Of / bi n.

umask 022
Setting the umask as we've aready explained in Section 2.6, “ Setting the $LFS Variable and the Umask.”

LFS=/mt/Ifs
The LFs variable should be set to the chosen mount point.

LC_ALL=PCsI X

The Lc_ALL variable controls the localization of certain programs, making their messages follow the conventions
of a specified country. Setting Lc ALL to “POSIX” or “C” (the two are equivalent) ensures that everything will
work as expected in the cross-compilation environment.

LFS TGTr=$(unane -m-Ifs-1inux-gnu
The LFs_T1Gr variable sets a non-default, but compatible machine description for use when building our cross-
compiler and linker and when cross-compiling our temporary toolchain. More information is provided by
Toolchain Technical Notes.

PATH=/ usr/ bin

Many modern Linux distributions have merged/ bi n and/ usr/ bi n. Whenthisisthe case, the standard pPATH variable
should be set to / usr/bi n/ for the Chapter 6 environment. When this is not the case, the following line adds /
bi n to the path.

if [ ! -L/bin]; then PATH/ bin: $PATH, fi
If / bi n isnot asymbolic link, it must be added to the paTH variable.

PATH=$LFS/ t ool s/ bi n: $PATH

By putting $LFS/ t ool s/ bi n ahead of the standard pPATH, the cross-compiler installed at the beginning of Chapter 5
ispicked up by the shell immediately after itsinstallation. This, combined with turning off hashing, limitsthe risk
that the compiler from the host is used instead of the cross-compiler.
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CONFI G_SI TE=$LFS/ usr/ share/config.site
In Chapter 5 and Chapter 6, if this variable is not set, configur e scripts may attempt to load configuration items

specific to some distributions from / usr/ shar e/ confi g. si t e on the host system. Override it to prevent potential
contamination from the host.

export ...

While the preceding commands have set some variables, in order to make them visible within any sub-shells, we
export them.

1 I mportant

Several commercial distributions add an undocumented instantiation of / et c/ bash. bashr ¢ to theinitialization
of bash. Thisfile has the potential to modify the f s user's environment in ways that can affect the building
of critical LFS packages. To make sure the fs user's environment is clean, check for the presence of /et c/
bash. bashr c and, if present, move it out of the way. Astheroot user, run:

‘ [ ' -e /etc/bash.bashrc ] || nv -v /etc/bash. bashrc /etc/bash. bashrc. NOUSE ‘

When the | s user is no longer needed (at the beginning of Chapter 7), you may safely restore / et c/ bash.
bashrc (if desired).

Note that the L FS Bash package wewill build in Section 8.37, “Bash-5.3" isnot configured to |oad or execute
/ et ¢/ bash. bashr ¢, SO thisfile is useless on a completed LFS system.

For many modern systems with multiple processors (or cores) the compilation time for a package can be reduced by
performing a "parallel make" by telling the make program how many processors are available via a command line
option or an environment variable. For instance, an Intel Corei9-13900K processor has 8 P (performance) coresand 16
E (efficiency) cores, and a P core can simultaneously run two threads so each P core are modeled as two logical cores
by the Linux kernel. Asthe result there are 32 logical coresin total. One obvious way to use all these logical coresis
allowing make to spawn up to 32 build jobs. This can be done by passing the - j 32 option to make:

‘make -j 32 ‘

Or set the MaKEFLAGS environment variable and its content will be automatically used by make ascommand line options:

\ export MAKEFLAGS=-j 32 \

1 I mportant

Never pass a-j option without a number to make or set such an option in MaKEFLAGS. Doing so will alow
make to spawn infinite build jobs and cause system stability problems.

To use al logical cores available for building packages in Chapter 5 and Chapter 6, set MAKEFLAGS NOW in . bashr c:

cat >> ~/.bashrc << "EOF"
export MAKEFLAGS=-j $(nproc)
ECOF

Replace $(nproc) with the number of logical cores you want to use if you don't want to use all the logical cores.

Finally, to ensure the environment is fully prepared for building the temporary tools, force the bash shell to read the
new user profile:

‘ source ~/.bash_profile ‘
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4.5. About SBUs

Many people would like to know beforehand approximately how long it takes to compile and install each package.
Because Linux From Scratch can be built on many different systems, it isimpossible to provide absol ute time estimates.
The biggest package (gcc) will take approximately 5 minutes on the fastest systems, but could take days on slower
systems! Instead of providing actual times, the Standard Build Unit (SBU) measure will be used instead.

The SBU measure works as follows. The first package to be compiled is binutils in Chapter 5. The time it takes to
compile using one core is what we will refer to as the Standard Build Unit or SBU. All other compile times will be
expressed in terms of this unit of time.

For example, consider a package whose compilation time is 4.5 SBUs. This means that if your system took 4 minutes
to compile and install the first pass of binutils, it will take approximately 18 minutes to build the example package.
Fortunately, most build times are shorter than one SBU.

SBUsare not entirely accurate because they depend on many factors, including the host system's version of GCC. They
are provided here to give an estimate of how long it might take to install a package, but the numbers can vary by as
much as dozens of minutes in some cases.

On some newer systems, the motherboard is capable of controlling the system clock speed. This can be controlled
with a command such as power profilesctl. Thisisnot available in LFS, but may be available on the host distro. After
LFS is complete, it can be added to a system with the procedures at the BLFS power -profiles-daemon page. Before
measuring the build time of any package it is advisable to use a system power profile set for maximum performance
(and maximum power consumption). Otherwise the measured SBU value may be inaccurate because the system may
react differently when building binutils-passl or other packages. Be aware that a significant inaccuracy can still show
up even if the same profileis used for both packages because the system may respond slower if the systemisidle when
starting the build procedure. Setting the power profile to “performance” will minimize this problem. And obviously
doing so will also make the system build LFS faster.

If powerprofilesctl is available, issue the power profilesctl set performance command to select the per f or mance
profile. Somedistros providesthe tuned-adm command for managing the profilesinstead of power pr ofilesctl, onthese
distrosissuethetuned-adm profilethroughput-per for mance command to select thet hr oughput - per f or mance profile.

% Note
V 4

When multiple processors are used in this way, the SBU units in the book will vary even more than they
normally would. In some cases, the make step will simply fail. Analyzing the output of the build process will
also be more difficult because the lines from different processes will beinterleaved. If you run into aproblem
with abuild step, revert to asingle processor build to properly analyze the error messages.

The times presented here for all packages (except binutils-passl which is based on one core) are based upon
using four cores (-j4). Thetimesin Chapter 8 also include the time to run the regression tests for the package
unless specified otherwise.

4.6. About the Test Suites

Most packages provide atest suite. Running the test suite for anewly built packageisagood ideabecauseit can provide
a“sanity check” indicating that everything compiled correctly. A test suite that passes its set of checks usually proves
that the package is functioning as the developer intended. It does not, however, guarantee that the package is totally
bug free.
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Some test suites are more important than others. For example, the test suites for the core toolchain packages—GCC,
binutils, and glibc—are of the utmost importance due to their central role in a properly functioning system. The test
suites for GCC and glibc can take a very long time to complete, especialy on slower hardware, but are strongly
recommended.

% Note

Running the test suites in Chapter 5 and Chapter 6 is pointless; since the test programs are compiled with a
cross-compiler, they probably can't run on the build host.

A common issue with running the test suites for binutils and GCC is running out of pseudo terminals (PTY's). Thiscan
result in alarge number of failing tests. This may happen for several reasons, but the most likely cause is that the host
system does not have the devpt s file system set up correctly. Thisissue is discussed in greater detail at https://www.
linuxfromscratch.or g/lfs/fag.html#no-ptys.

Sometimes package test suites will fail for reasons which the developers are aware of and have deemed non-critical.
Consult the logs located at https: //mww.linuxfromscratch.or g/Ifs/build-logs/13.0/ to verify whether or not these failures
are expected. Thissiteisvalid for all test suites throughout this book.
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Part Ill. Building the LFS Cross
Toolchain and Temporary Tools
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Important Preliminary Material

Introduction

This part is divided into three stages: first, building a cross compiler and its associated libraries; second, using this
cross toolchain to build several utilities in a way that isolates them from the host distribution; and third, entering the
chroot environment (which further improves host isolation) and constructing the remaining tools needed to build the
final system.

1 I mportant

This is where the real work of building a new system begins. Be very careful to follow the instructions
exactly asthe book shows them. Y ou should try to understand what each command does, and no matter how
eager you are to finish your build, you should refrain from blindly typing the commands as shown. Read
the documentation when there is something you do not understand. Also, keep track of your typing and of
the output of commands, by using the tee utility to send the terminal output to a file. This makes debugging
easier if something goes wrong.

The next section is a technical introduction to the build process, while the following one presents very important
general instructions.

Toolchain Technical Notes

This section explains some of the rationale and technical details behind the overal build method. Don't try to
immediately understand everything in this section. Most of thisinformation will be clearer after performing an actual
build. Come back and re-read this chapter at any time during the build process.

The overall goal of Chapter 5 and Chapter 6 is to produce atemporary area containing a set of tools that are known to
be good, and that are isolated from the host system. By using the chr oot command, the compilations in the remaining
chapters will be isolated within that environment, ensuring a clean, trouble-free build of the target LFS system. The
build process has been designed to minimize the risks for new readers, and to provide the most educational value at
the sametime.

This build process is based on cross-compilation. Cross-compilation is normally used to build a compiler and its
associated toolchain for a machine different from the one that is used for the build. Thisis not strictly necessary for
LFS, since the machine where the new system will run isthe same as the one used for the build. But cross-compilation
has one great advantage: anything that is cross-compiled cannot depend on the host environment.

About Cross-Compilation

% Note
s

The LFS book is not (and does not contain) a general tutorial to build a cross- (or native) toolchain. Don't
use the commands in the book for a cross-toolchain for some purpose other than building LFS, unless you
really understand what you are doing.

It'sknown installing GCC pass 2 will break the cross-toolchain. We don't consider it a bug because GCC pass
2 isthe last package to be cross-compiled in the book, and we won't “fix” it until we really need to cross-
compile some package after GCC pass 2 in the future.
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Cross-compilation involves some concepts that deserve a section of their own. Although this section may be omitted
on afirst reading, coming back to it later will help you gain afuller understanding of the process.

Let usfirst define some terms used in this context.

The build
is the machine where we build programs. Note that this machine is also referred to as the “host.”

The host

is the machine/system where the built programs will run. Note that this use of “host” is not the same as in other
sections.

Thetarget

is only used for compilers. It is the machine the compiler produces code for. It may be different from both the
build and the host.

Asan example, let usimagine the following scenario (sometimesreferred to as“ Canadian Cross’). We have acompiler
on aslow machineonly, let'scall it machine A, and the compiler ccA. We aso have afast machine (B), but no compiler
for (B), and we want to produce code for athird, slow machine (C). We will build a compiler for machine C in three
stages.

Stage Build Host Target |Action

1 A A B Build
Cross-
compiler
cclusing
CccA on
machine
A.

2 A B C Build
Cross-
compiler
cc2 using
cclon
machine
A.

3 B C C Build
compiler
ccCusing
cc2on
machine
B.

Then, all the programs needed by machine C can be compiled using cc2 on the fast machine B. Note that unless B can
run programs produced for C, there is no way to test the newly built programs until machine C itself is running. For
example, to run atest suite on ccC, we may want to add a fourth stage:

Stage Build Host Target |Action

4 C C C Rebuild
and test
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Stage Build Host Target |Action

ccC using
ccCon
machine
C.

In the example above, only ccl and cc2 are cross-compilers, that is, they produce code for amachine different from the
one they are run on. The other compilers ccA and ccC produce code for the machine they are run on. Such compilers
are called native compilers.

Implementation of Cross-Compilation for LFS

% Note
V 4

All the cross-compiled packages in this book use an autoconf-based building system. The autoconf-based
building system accepts system typesin the form cpu-vendor-kernel -os, referred to asthe system triplet. Since
the vendor field is often irrelevant, autoconf lets you omit it.

An astute reader may wonder why a “triplet” refers to a four component name. The kernel field and the
os field began as a single “system” field. Such a three-field form is still valid today for some systems, for
example, x86_64- unknown- f r eebsd. But two systems can share the same kernel and still betoo different to use
the same triplet to describe them. For example, Android running on a mobile phone is completely different
from Ubuntu running on an ARM64 server, even though they are both running on the same type of CPU
(ARM®64) and using the same kernel (Linux).

Without an emulation layer, you cannot run an executable for a server on a mobile phone or vice versa. So
the “system” field has been divided into kernel and os fields, to designate these systems unambiguously. In
our example, the Android system is designated aar ch64- unknown- I i nux- andr oi d, and the Ubuntu system is
designated aar ch64- unknown- | i nux- gnu.

Theword “triplet” remains embedded in the lexicon. A simple way to determine your system triplet isto run
the config.guess script that comes with the source for many packages. Unpack the binutils sources, run the
script . / confi g. guess, and note the output. For example, for a 32-bit Intel processor the output will be i686-
pc-linux-gnu. On a 64-bit system it will be x86_64-pc-linux-gnu. On most Linux systems the even simpler
gce -dumpmachine command will give you similar information.

Y ou should also be aware of the name of the platform's dynamic linker, often referred to as the dynamic
loader (not to be confused with the standard linker |d that is part of binutils). The dynamic linker provided by
package glibc finds and loads the shared libraries needed by aprogram, prepares the program to run, and then
runs it. The name of the dynamic linker for a 32-bit Intel machine is|d-1i nux. so. 2; it'S1d-1i nux- x86- 64.
so. 2 0n 64-bit systems. A sure-fire way to determine the name of the dynamic linker is to inspect a random
binary from the host system by running: readel f -1 <name of binary> | grep interpreter and noting the
output. The authoritative reference covering al platformsisin a Glibc wiki page.

There are two key points for a cross-compilation:

* When producing and processing the machine code supposed to be executed on “the host,” the cross-toolchain must
be used. Note that the native toolchain from “the build” may be still invoked to generate machine code supposed
to be executed on “the build.” For example, the build system may compile a generator with the native toolchain,
then generate a C source file with the generator, and finally compile the C source file with the cross-toolchain so
the generated code will be able to run on “the host.”
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With an autoconf-based build system, this requirement is ensured by using the - - host switch to specify “the host”
triplet. With this switch the build system will use the toolchain components prefixed with <t he host tri pl et > for
generating and processing the machine code for “the host”; e.g. the compiler will be <t he host tri pl et >-gcc and
the readelf tool will be <t he host tri pl et >-readelf.

» The build system should not attempt to run any generated machine code supposed to be executed on “the host.”
For example, when building a utility natively, its man page can be generated by running the utility with the - -
hel p switch and processing the output, but generaly it's not possible to do so for a cross-compilation as the utility
may fail to run on “the build”: it's obviously impossible to run ARM 64 machine code on ax86 CPU (without an
emulator).

With an autoconf-based build system, this requirement is satisfied in “the cross-compilation mode” where the
optional features requiring to run machine code for “the host” during the build time are disabled. When “the host”
triplet is explicitly specified, “the cross-compilation mode” is enabled if and only if either the configur e script
failsto run adummy program compiled into “the host” machine code, or “the build” triplet is explicitly specified
viathe - - bui I d switch and it's different from “the host” triplet.

In order to cross-compile a package for the LFS temporary system, the name of the system triplet is slightly adjusted
by changing the "vendor"” field inthe LFs_TGr variable so it says"Ifs" and LFs_Tar isthen specified as “the host” triplet
via- - host , SO the cross-toolchain will be used for generating and processing the machine code running as a part of the
LFS temporary system. And, we also need to enable “the cross-compilation mode’: despite “the host” machine code,
i.e. the machine code for the LFS temporary system, is able to execute on the current CPU, it may refer to alibrary not
available on the “the build” (the host distro), or some code or data non-exist or defined differently in the library even
if it happens to be available. When cross-compiling a package for the LFS temporary system, we cannot rely on the
configur e script to detect thisissue with the dummy program: the dummy only uses afew componentsini i bc that the
host distro 1i bec likely provides (unless, maybe the host distro uses a different 1i bc implementation like Musl), so it
won't fail like how thereally useful programswould likely. Thus we must explicitly specify “thebuild” triplet to enable
“the cross-compilation mode.” The value we use is just the default, i.e. the original system triplet from config.guess
output, but “the cross-compilation mode”’ depends on an explicit specification as we've discussed.

We use the - - wi t h- sysroot option when building the cross-linker and cross-compiler, to tell them where to find the
needed files for “the host.” This nearly ensures that none of the other programs built in Chapter 6 can link to libraries
on “the build.” Theword “nearly” is used because libtool, a*“compatibility” wrapper of the compiler and the linker for
autoconf-based build systems, can try to be too clever and mistakenly pass options allowing the linker to find libraries
of “the build.” To prevent this fallout, we need to delete the libtool archive (.1 a) files and fix up an outdated libtool
copy shipped with the Binutils code.

Stage

Build

Host

Target

Action

1

pc

pC

Ifs

Build
Cross-
compiler
cclusing
cc-pc on
pC.

pc

Ifs

Ifs

Build
compiler
cc-Ifs
using ccl
on pc.
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Stage Build Host Target |Action

3 Ifs Ifs Ifs Rebuild
(and
maybe
test) cc-Ifs
using cc-
IfsonIfs.

In the preceding table, “on pc” means the commands are run on a machine using the already installed distribution. “On
Ifs” means the commands are run in a chrooted environment.

Thisis not yet the end of the story. The C language is hot merely a compiler; it also defines a standard library. In this
book, the GNU C library, named glibc, is used (there is an aternative, "musdl™). This library must be compiled for the
LFS machine; that is, using the cross-compiler ccl. But the compiler itself uses an internal library providing complex
subroutinesfor functions not available in the assembl er instruction set. Thisinternal library isnamed libgcc, and it must
be linked to the glibc library to be fully functional. Furthermore, the standard library for C++ (libstdc++) must also be
linked with glibc. The solution to this chicken and egg problem is first to build a degraded ccl-based libgcce, lacking
some functionalities such as threads and exception handling, and then to build glibc using this degraded compiler (glibc
itself is not degraded), and aso to build libstdc++. This last library will lack some of the functionality of libgcc.

The upshot of the preceding paragraph is that ccl is unable to build a fully functional libstdc++ with the degraded
libgce, but ccl isthe only compiler available for building the C/C++ libraries during stage 2. As we've discussed, we
cannot run cc-Ifs on pc (the host distro) because it may require some library, code, or data not available on “the build”
(the host distro). So when we build gcc stage 2, we override the library search path to link libstdc++ against the newly
rebuilt libgcc instead of the old, degraded build. This makes the rebuilt libstdc++ fully functional.

In Chapter 8 (or “stage 3”), all the packages needed for the LFS system are built. Even if a package has already been
installed into the LFS system in a previous chapter, we still rebuild the package. The main reason for rebuilding these
packages isto make them stable: if wereinstall an LFS package on a completed LFS system, the reinstalled content of
the package should be the same as the content of the same package when first installed in Chapter 8. The temporary
packages installed in Chapter 6 or Chapter 7 cannot satisfy this requirement, because some optional features of them
are disabled because of either the missing dependencies or the “ cross-compilation mode.” Additionally, aminor reason
for rebuilding the packagesis to run the test suites.

Other Procedural Details
The cross-compiler will beinstalled in a separate $LFS/ t ool s directory, sinceit will not be part of the final system.

Binutilsisinstalled first because the configur e runs of both gcc and glibc perform various feature tests on the assembl er
and linker to determine which software features to enable or disable. Thisis more important than one might realize at
first. Anincorrectly configured gcc or glibc can result in a subtly broken toolchain, where the impact of such breakage
might not show up until near the end of the build of an entire distribution. A test suite failure will usualy highlight this
error before too much additional work is performed.

Binutilsinstalls its assembler and linker in two locations, $LFS/ t ool s/ bi n and $LFS/ t ool s/ $LFS_TGT/ bi n. The toolsin
onelocation are hard linked to the other. Animportant facet of thelinker isitslibrary search order. Detailed information
can be obtained from Id by passing it the- - ver bose flag. For example, $LFS TGT-Id --verbose | grep SEARCH will
illustrate the current search paths and their order. (Note that this example can be run as shown only while logged in as
user | fs. If you come back to this page later, replace SLFS TGT-Id with Id).
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The next package installed is gcc. An example of what can be seen during its run of configureis:

checki ng what assenbler to use... /mt/I|fs/tool s/i686-1fs-Iinux-gnu/bin/as
checking what linker to use... /mt/|fs/tools/i686-Ifs-Iinux-gnu/bin/ld

Thisisimportant for the reasons mentioned above. It a'so demonstrates that gcc's configure script does not search the
PATH directories to find which tools to use. However, during the actual operation of gcc itself, the same search paths
are not necessarily used. To find out which standard linker gcc will use, run: $LFS_TGT-gcc -print-prog-name=Id.
(Again, removethe $LFS TGT- prefix if coming back to this|later.)

Detailed information can be obtained from gcc by passing it the - v command line option while compiling aprogram. For
example, SLFS TGT-gcce -V exanpl e. ¢ (or without $LFS TGT- if coming back later) will show detailed information
about the preprocessor, compilation, and assembly stages, including gcc's search paths for included headers and their
order.

Next up: sanitized Linux APl headers. These allow the standard C library (glibc) to interface with features that the
Linux kernel will provide.

Next comesglibc. Thisisthefirst package that we cross-compile. We usethe- - host =$LFS_TGT option to make the build
system to use those tools prefixed with $LFs_TGT-, and the - - bui | d=$(. . / scri pt s/ confi g. guess) option to enable “the
cross-compilation mode” aswe've discussed. The bestDl Rvariableisused to forceinstallation into the LFSfile system.

As mentioned above, the standard C++ library is compiled next, followed in Chapter 6 by other programs that must
be cross-compiled to break circular dependencies at build time. The steps for those packages are similar to the steps
for glibc.

At the end of Chapter 6 the native LFS compiler isinstalled. First binutils-pass2 is built, in the same bestol R directory
as the other programs, then the second pass of gcc is constructed, omitting some non-critical libraries.

Upon entering the chroot environment in Chapter 7, the temporary installations of programs needed for the proper
operation of the toolchain are performed. From this point onwards, the core toolchain is self-contained and self-hosted.
In Chapter 8, final versions of all the packages needed for afully functional system are built, tested, and installed.

General Compilation Instructions

A Caution

During a development cycle of LFS, the instructions in the book are often modified to adapt for a package
update or take the advantage of new features from updated packages. Mixing up the instructions of different
versions of the LFS book can cause subtle breakages. This kind of issue is generally a result from reusing
some script created for a prior LFS release. Such areuse is strongly discouraged. If you are reusing scripts
for a prior LFS release for any reason, you'll need to be very careful to update the scripts to match current
version of the LFS book.

Here are some things you should know about building each package:

» Severa packages are patched before compilation, but only when the patch is needed to circumvent a problem.
A patch is often needed in both the current and the following chapters, but sometimes, when the same package
is built more than once, the patch is not needed right away. Therefore, do not be concerned if instructions for a
downloaded patch seem to be missing. Warning messages about offset or fuzz may also be encountered when
applying a patch. Do not worry about these warnings; the patch was still successfully applied.
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 During the compilation of most packages, some warnings will scroll by on the screen. These are normal and can
safely be ignored. These warnings are usually about deprecated, but not invalid, use of the C or C++ syntax. C
standards change fairly often, and some packages have not yet been updated. Thisis not a serious problem, but it
does cause the warnings to appear.

» Check onelast time that the LFs environment variable is set up properly:

echo $LFS

Make sure the output shows the path to the LFS partition's mount point, which is/mt/1fs, using our example.
» Finaly, two important items must be emphasi zed:

1 I mportant

The build instructions assume that the Host System Requirements, including symbolic links, have been
set properly:

* bash istheshell in use.

* shisasymboliclink to bash.

» /usr/bin/awk isasymboalic link to gawk.

» /usr/bin/yacc isasymbolic link to bison, or to a small script that executes bison.

' I mportant

Hereisasynopsis of the build process.
1. Place all the sources and patches in a directory that will be accessible from the chroot environment,
such as/mt/|fs/sources/.
2. Changetothe/mt/1fs/sources/ directory.
3. For each package:
a. Using thetar program, extract the package to be built. In Chapter 5 and Chapter 6, ensure you are
the Ifs user when extracting the package.

Do not use any method except the tar command to extract the source code. Notably, using the cp
-R command to copy the source code tree somewhere el se can destroy timestamps in the source
tree, and cause the build to fail.

Change to the directory created when the package was extracted.

Follow the instructions for building the package.

Change back to the sources directory when the build is complete.

Delete the extracted source directory unless instructed otherwise.

®op o
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Chapter 5. Compiling a Cross-Toolchain

5.1. Introduction

This chapter shows how to build a cross-compiler and its associated tools. Although here cross-compilation is faked,
the principles are the same as for area cross-toolchain.

The programs compiled in this chapter will be installed under the $LFs/ t ool s directory to keep them separate from the
filesinstalled in the following chapters. The libraries, on the other hand, are installed into their final place, since they
pertain to the system we want to build.
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5.2. Binutils-2.46.0 - Pass 1

The Binutils package contains alinker, an assembler, and other tools for handling object files.

Approximate build time: 1 SBU
Required disk space: 691 MB

5.2.1. Installation of Cross Binutils

% Note
' 4

Go back and re-read the notes in the section titled General Compilation Instructions. Understanding the notes
labeled important can save you alot of problems later.

It is important that Binutils be the first package compiled because both Glibc and GCC perform various tests on the
available linker and assembler to determine which of their own features to enable.

The Binutils documentation recommends building Binutils in a dedicated build directory:

nkdir -v build
cd buil d

% Note
V 4

In order for the SBU values listed in the rest of the book to be of any use, measure the time it takes to build
this package from the configuration, up to and including the first install. To achieve this easily, wrap the
commandsin atime command likethis. time { ../configure ... && make && nmke install; }.

Now prepare Binutils for compilation:

../lconfigure --prefix=$LFS/tools \
--w t h-sysroot =$LFS \
--target =$LFS _TGI  \

--di sabl e-nls \
- - enabl e- gpr of ng=no \
--di sabl e-werror \

--enabl e- newdtags \
- -enabl e- def aul t - hash- st yl e=gnu

The meaning of the configure options:

% Note
' Contrary to other packages, not all the options listed below appear when running ./configure --help. For
example, to find the- - wi t h- sysr oot option, you haveto run Id/configure--help. All the options can belisted
at once with ./configur e --help=recursive.

--prefix=$LFS/ tool s

Thistells the configure script to prepare to install the Binutils programsin the $LFs/ t ool s directory.
--w t h-sysroot =$LFS

For cross compilation, thistells the build system to look in $LFS for the target system libraries as needed.
--target =$LFS_TGT

Because the machine description in the LFs_Tar variable is dightly different than the value returned by the

config.guess script, this switch will tell the configure script to adjust binutil's build system for building a cross
linker.
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--di sable-nls
This disables internationalization asi18n is not needed for the temporary tools.

- - enabl e- gpr of ng=no

This disables building gprofng which is not needed for the temporary tools.

- -di sabl e-werror
This prevents the build from stopping in the event that there are warnings from the host's compiler.

- - enabl e- new dt ags

This makes the linker use the “runpath” tag for embedding library search paths into executables and shared
libraries, instead of the traditional “rpath” tag. It makes debugging dynamically linked executables easier and
works around potential issuesin the test suite of some packages.

- -enabl e- def aul t - hash- st yl e=gnu

By default, the linker would generate both the GNU-style hash table and the classic ELF hash table for shared
libraries and dynamically linked executables. The hash tables are only intended for a dynamic linker to perform
symbol lookup. On LFS the dynamic linker (provided by the Glibc package) will always use the GNU-style hash
table which is faster to query. So the classic ELF hash table is completely useless. This makes the linker only
generate the GNU-style hash table by default, so we can avoid wasting time to generate the classic ELF hash table
when we build the packages, or wasting disk space to storeit.

Continue with compiling the package:

‘nake ‘

Install the package:

‘nake i nstall ‘

Details on this package are located in Section 8.21.2, “ Contents of Binutils.”
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5.3. GCC-15.20-Pass 1

The GCC package contains the GNU compiler collection, which includes the C and C++ compilers.

Approximate build time: 3.8 SBU
Required disk space: 54GB

5.3.1. Installation of Cross GCC

GCC requires the GMP, MPFR and MPC packages. As these packages may not be included in your host distribution,
they will be built with GCC. Unpack each package into the GCC source directory and rename the resulting directories
so the GCC build procedures will automatically use them:

% Note
’ 4

There are frequent misunderstandings about this chapter. The procedures are the same as every other
chapter, as explained earlier (Package build instructions). First, extract the gcc-15.2.0 tarball from the sources
directory, and then changeto the directory created. Only then should you proceed with the instructions bel ow.

tar -xf ../mpfr-4.2. 2. tar.xz
m/ -v npfr-4.2.2 npfr
tar -xf ../gnp-6.3.0.tar.xz

m/ -v gnp-6.3.0 gnp
tar -xf ../nmpc-1.3.1.tar.gz
m/ -v npc-1.3.1 npc

On x86_64 hosts, set the default directory name for 64-bit librariesto “lib”:

case $(unane -n) in
x86_64)
sed -e '/nb4=/s/lib64/lib/" \
-i.orig gcc/config/i386/t-1inux64

esac

% Note
V 4

This example demonstrates the use of the -i . ori g switch. It makes the sed copy the t-1inuxeé4 filetot-
l'i nux64. ori g, and then edit the original t-1inuxe4 file inplace. So you may run diff -u gcc/config/i386/t-
linux64{.orig,} to visualize the change done by the sed command afterwards. We'll simply use-i (which just
edits the original file inplace without copying it) for all other packages in the book, but you can change it to
-i.originany caseyouwant to keep a copy of the original file.

The GCC documentation recommends building GCC in adedicated build directory:

nkdir -v build
cd buil d
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Prepare GCC for compilation:

../configure
--target =$LFS_TGT
--prefix=$LFS/t ool s
--w t h-glibc-version=2. 43
--W t h-sysroot =$LFS
--with-newib
--w t hout - header s
--enabl e- def aul t - pi e
--enabl e- def aul t - ssp
--di sable-nls
- - di sabl e-shared
--disable-multilib
- -di sabl e-t hreads
--di sabl e-1i batom c
- -di sabl e-1i bgomp
- -di sabl e-1i bquadmat h
--di sabl e-1i bssp
--di sabl e-1ibvtv
- -di sabl e-1i bst dcxx
- - enabl e- | anguages=c, c++

— e e —m —m m m —m m —m —m — —m — — — —

The meaning of the configure options:

--wi th-glibc-version=2. 43

This option specifies the version of Glibc which will be used on the target. It is not relevant to the libc of the
host distro because everything compiled by passl GCC will runin the chroot environment, which isisolated from
libc of the host distro.

--with-newib

Since aworking C library is not yet available, this ensures that the inhibit_libc constant is defined when building
libgce. This prevents the compiling of any code that requires libc support.

--w t hout - header s

When creating a compl ete cross-compiler, GCC requires standard headers compatible with the target system. For
our purposes these headers will not be needed. This switch prevents GCC from looking for them.

--enabl e-defaul t-pi e and --enabl e-defaul t-ssp

Those switches alow GCC to compile programs with some hardening security features (more information on
those in the note on PIE and SSP in chapter 8) by default. They are not strictly needed at this stage, since the
compiler will only produce temporary executables. But it is cleaner to have the temporary packages be as close
as possible to the final ones.

--di sabl e-shared

This switch forces GCC to link its internal libraries statically. We need this because the shared libraries require
Glibc, which is not yet installed on the target system.

--disable-multilib

On x86_64, LFS does not support a multilib configuration. This switch is harmless for x86.

--di sabl e-threads, --disable-libatonic, --disable-libgonp, --disable-Ilibquadmath, --disable-Ilibssp

d

sable-l1ibvtv, --disable-Iibstdcxx

These switchesdisable support for threading, libatomic, libgomp, libquadmath, libssp, libvtv, and the C++ standard
library respectively. These features may fail to compile when building a cross-compiler and are not necessary for
the task of cross-compiling the temporary libc.

--enabl e-| anguages=c, c++

This option ensures that only the C and C++ compilers are built. These are the only languages needed now.
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Compile GCC by running:

‘nake ‘

Install the package:

‘nake i nstall ‘

This build of GCC has installed a couple of internal system headers. Normally one of them, Ii ni ts. h, would in turn
include the corresponding system Ii ni ts. h header, in this case, $LFS/ usr/i ncl ude/ i ni ts. h. However, at the time of
this build of GCC $LFS/ usr/incl ude/1inits. h does not exist, so the internal header that has just been installed is a
partial, self-contained file and does not include the extended features of the system header. Thisisadequate for building
Glibc, but the full internal header will be needed later. Create a full version of the internal header using a command
that isidentical to what the GCC build system doesin normal circumstances:

% Note
V 4

The command below shows an example of nested command substitution using two methods: backquotes and
as() construct. It could be rewritten using the same method for both substitutions, but is shown this way to
demonstrate how they can be mixed. Generally the $() method is preferred.

cd ..
cat gcc/limtx.h geec/glimts.h gec/limty.h >\
“di rnane $($LFS _TGT-gcc -print-1ibgcc-file-name) /include/linmts.h

Details on this package are located in Section 8.30.2, “ Contents of GCC.”
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5.4. Linux-6.18.10 APl Headers

The Linux APl Headers (in linux-6.18.10.tar.xz) expose the kernel's API for use by Glibc.

Approximate build time:
Required disk space:

lessthan 0.1 SBU
1.7GB

5.4.1. Installation of Linux APl Headers

The Linux kernel needs to expose an Application Programming Interface (API) for the system's C library (Glibc in
LFS) to use. Thisisdone by way of sanitizing various C header files that are shipped in the Linux kernel source tarball.

Make sure there are no stale fi

les embedded in the package:

‘ make nrproper

Now extract the user-visible kernel headers from the source. The recommended make target “headers install” cannot
be used, because it requires rsync, which may not be available. The headers are first placed in . / usr, then copied to

the needed location.

make headers
find usr/include -type f !
cp -rv usr/include $LFS/ usr

-nane '*.h' -delete

5.4.2. Contents of Linux APl Headers

I nstalled headers:

Installed directories:

Short Descriptions

/usr/include/asm *. h
/usr/include/ asm generic/*.
/usr/include/drm*. h
/usr/include/linux/*.h
/usr/include/ msc/*.h
/usr/include/ntd/*. h
/usr/include/rdma/*.h
/usr/include/scsi/*.h
/usr/include/sound/*. h
/usr/include/video/*.h

/fusr/includel/ xen/*.h

/usr/include/asm/*.h, /usr/include/asm-generic/*.h, /usr/include/drm/*.h, /usr/include/
linux/*.h, /usr/include/misc/*.h, /usr/include/mtd/*.h, /usr/include/rdmal*.h, [usr/
include/scsi/* .h, /usr/include/sound/* .h, /usr/include/video/* .h, and /usr/include/xen/* .h
/usr/include/asm, /usr/include/asm-generic, /usr/include/drm, /usr/include/linux, /usr/
include/misc, /usr/include/mtd, /usr/include/rdma, /usr/include/scsi, /usr/include/sound, /
usr/include/video, and /usr/include/xen

The Linux APl ASM Headers
h The Linux APl ASM Generic Headers
The Linux APl DRM Headers
The Linux API Linux Headers
The Linux API Miscellaneous Headers
The Linux APl MTD Headers
The Linux APl RDMA Headers
The Linux API SCSI Headers
The Linux APl Sound Headers
The Linux API Video Headers
The Linux API Xen Headers
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5.5. Glibc-2.43

The Glibc package containsthemain C library. Thislibrary providesthe basic routinesfor all ocating memory, searching
directories, opening and closing files, reading and writing files, string handling, pattern matching, arithmetic, and so on.

Approximate build time: 1.4 SBU
Required disk space: 890 MB

5.5.1. Installation of Glibc

First, createasymboliclink for LSB compliance. Additionally, for x86_64, create acompatibility symboliclink required
for proper operation of the dynamic library loader:

case $(unane -n) in
i 786) In -sfv Id-l1inux.so.2 $LFS/Iib/Id-Isb.so.3

x86_64) In -sfv ../lib/ld-linux-x86-64.s0.2 $LFS/Iib64
In -sfv ../lib/ld-1inux-x86-64.s0.2 $LFS/I|ib64/1d-1sb-x86-64.s0.3

esac

% Note
V 4

The above command is correct. The In command has several syntactic versions, so be sure to check info
cor eutilsn and In(1) before reporting what may appear to be an error.

Some of the Glibc programs use the non-FHS-compliant /var/db directory to store their runtime data. Apply the
following patch to make such programs store their runtime data in the FHS-compliant locations:

patch -Npl -i ../glibc-fhs-1.patch

The Glibc documentation recommends building Glibc in a dedicated build directory:

nkdir -v build
cd buil d

Ensure that the Idconfig and sin utilities are installed into / usr / sbi n:

echo "rootsbi ndi r=/usr/sbin" > configparnms

Next, prepare Glibc for compilation:

../configure
- - prefix=/usr
- - host =$LFS_TGT
--bui l d=$(../scripts/config.guess)
- - di sabl e- nscd
libc_cv_slibdir=/usr/lib
- - enabl e- kernel =5. 4

o e e —

The meaning of the configur e options:

--host =$LFS_TGT, --build=$(../scripts/config. guess)
The combined effect of these switchesis that Glibc's build system configures itself to be cross-compiled, using
the cross-linker and cross-compiler in $LFS/ t ool s.

--enabl e-kernel =5. 4

Thistells Glibc to compile the library with support for 5.4 and later Linux kernels. Workarounds for older kernels
are not enabled.
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libc_cv_slibdir=/usr/lib

This ensuresthat the library isinstalled in /usr/lib instead of the default /1ib64 on 64-bit machines.

- - di sabl e-nscd
Do not build the name service cache daemon which is no longer used.

During this stage the following warning might appear:

configure: WARN NG

*** These auxiliary prograns are m ssing or

*** jnconpati bl e versions: nsgfnt

*** some features will be disabled

*** Check the I NSTALL file for required versions.

The missing or incompatible msgfmt program is generaly harmless. This msgfmt program is part of the Gettext
package, which the host distribution should provide.

% Note
' 4

There have been reports that this package may fail when building as a“parallel make.” If that occurs, rerun
the make command with the - j 1 option.

Compile the package:

‘nake

Install the package:

Warning

If LFsisnot properly set, and despite the recommendations, you are building asr oot , the next command will
install the newly built Glibc to your host system, which will almost certainly render it unusable. So double-
check that the environment is correctly set, and that you are not r oot , before running the following command.

\ make DESTDI R=$LFS i nstal | \

The meaning of the make install option:

DESTDI R=$LFS
The pestDl R make variable is used by almost all packages to define the location where the package should be
installed. If it isnot set, it defaultsto the root (/) directory. Here we specify that the packageisinstalled in $LFs,
which will become the root directory in Section 7.4, “Entering the Chroot Environment.”

Fix ahard coded path to the executable loader in the Idd script:

‘sed '/ RTLDLI ST=/s@usr @&' -i $LFS/ usr/bin/Idd \

Now that our cross toolchain is in place, it isimportant to ensure that compiling and linking will work as expected.
We do this by performing some sanity checks:

echo '"int main(){}' | $LFS_TGI-gcc -x ¢ - -v -W, --verbose & dunmmy. | og
readel f -1 a.out | grep ': /lib'

There should be no errors, and the output of the last command will be (allowing for platform-specific differences in
the dynamic linker name):

‘ [ Requesting programinterpreter: /1ib64/1d-Iinux-x86-64.so0.2]
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Note that this path should not contain/mt/1fs (or the value of the Lrs variable if you used a different one). The path
isresolved when the compiled program is executed, and that should only happen after we enter the chroot environment
where the kernel would consider $LFs as the root directory (/).

Now make sure that we're set up to use the correct start files:

grep -E -0 "$LFS/1ib.*/S?crt[1in].*succeeded" dummy. | og

The output of the last command should be:

/mmt/Ifs/lib/../lib/Scrtl.o succeeded
Immt/Ifs/lib/../lib/crti.o succeeded
Immt/Ifs/lib/../lib/crtn.o succeeded

Verify that the compiler is searching for the correct header files:

grep -B3 "~ $LFS/usr/include" dumy. | og

This command should return the following output:

#include <...> search starts here:
Imt /| fs/tools/lib/gcc/x86_64-1fs-1inux-gnu/15.2.0/include
/mt /I fs/tools/lib/gcc/x86_64-1fs-1inux-gnu/15.2.0/include-fixed
/mmt /| fs/usr/include

Again, the directory named after your target triplet may be different than the above, depending on your system
architecture.

Next, verify that the new linker is being used with the correct search paths:

grep ' SEARCH. */usr/lib'" dummy.log |sed "s|; |[\n|g

References to paths that have components with '-linux-gnu' should be ignored, but otherwise the output of the last
command should be:

SEARCH DI R("=/mt /| fs/tool s/ x86_64-Ifs-1inux-gnu/lib64")
SEARCH DI R("=/usr /| ocal /|ib64")

SEARCH DI R("=/1i b64")

SEARCH DI R("=/usr/|i b64")

SEARCH DI R("=/mt /| fs/tool s/ x86_64-Ifs-1inux-gnu/lib")
SEARCH DI R("=/usr /| ocal /lib")

SEARCH DI R("=/1ib")

SEARCH DI R("=/usr/lib");

A 32-bit system may use afew other directories, but anyway the important facet hereis all the paths should begin with
an equal sign (=), which would be replaced with the sysroot directory that we've configured for the linker.

Next make sure that we're using the correct libc:

‘grep "/lib.*/libc.so.6 " dummy.| og

The output of the last command should be:

‘ attenpt to open /mt/Ifs/usr/lib/libc.so.6 succeeded

Make sure GCC is using the correct dynamic linker:

‘ grep found dummy. | og

The output of the last command should be (allowing for platform-specific differencesin dynamic linker name):

‘found I d-1inux-x86-64.s0.2 at /mt/Ifs/usr/lib/ld-Iinux-x86-64.so0.2
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If the output does not appear as shown above or is not received at all, then something is seriously wrong. Investigate
and retrace the steps to find out where the problem is and correct it. Any issues should be resolved before continuing
with the process.

Once everything is working correctly, clean up the test files:

‘rm-v a.out dumy. | og

% Note
V 4

Building the packages in the next chapter will serve as an additional check that the toolchain has been built
properly. If some package, especially Binutils-pass2 or GCC-pass2, fails to build, it is an indication that
something has gone wrong with the preceding Binutils, GCC, or Glibc installations.

Details on this package are located in Section 8.5.3, “ Contents of Glibc.”
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5.6. Libstdc++ from GCC-15.2.0

Libstdc++ isthe standard C++ library. It is needed to compile C++ code (part of GCC is written in C++), but we had
to defer its installation when we built gcc-passl because Libstdc++ depends on Glibc, which was not yet available in
the target directory.

Approximate build time: 0.2 SBU
Required disk space: 1.3GB

5.6.1. Installation of Target Libstdc++

% Note

Libstdc++ is part of the GCC sources. Y ou should first unpack the GCC tarball and change to the gcc- 15.
2. 0 directory.

Create a separate build directory for Libstdc++ and enter it:

nkdir -v build
cd bui l d

Prepare Libstdc++ for compilation:

../libstdc++-v3/configure
- - host =$LFS_TGT
--bui I d=$(../confi g. guess)
- - prefix=/usr
--disable-multilib
--di sable-nls
- -di sabl e-1i bst decxx- pch \
--W t h- gxx-i ncl ude-dir=/tool s/ $LFS_TGT/ i ncl ude/ c++/ 15. 2. 0

e e — —

The meaning of the configure options:

--host=...
Specifies that the cross-compiler we have just built should be used instead of the onein/ usr/ bi n.

--di sabl e-1i bst dcxx- pch
This switch prevents the installation of precompiled include files, which are not needed at this stage.

--W t h- gxx-incl ude-di r=/tool s/ $LFS_TGT/ i ncl ude/ c++/15. 2.0

This specifies the installation directory for include files. Because Libstdc++ is the standard C++ library for LFS,
this directory should match the location where the C++ compiler (L FS_TGT-g++) would search for the standard
C++ include files. In anormal build, thisinformation is automatically passed to the Libstdc++ configur e options
from thetop level directory. In our case, thisinformation must be explicitly given. The C++ compiler will prepend
the sysroot path sLFs (specified when building GCC-passl) to the include file search path, so it will actually
searchin$LFS/ t ool s/ $LFS_TGT/ i ncl ude/ c++/ 15. 2. 0. The combination of the bestoi Rvariable (inthemakeinstall
command below) and this switch causes the headers to be installed there.

Compile Libstdc++ by running:

make

Install the library:

make DESTDI R=$LFS i nstal |
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Remove the libtool archive files because they are harmful for cross-compilation:

\ rm-v $LFS/usr/1ib/1ib{stdc++{, exp, fs}, supc++}.la

Details on this package are located in Section 8.30.2, “ Contents of GCC.”
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Chapter 6. Cross Compiling Temporary Tools

6.1. Introduction

This chapter shows how to cross-compile basic utilities using the just built cross-toolchain. Those utilities areinstalled
into their final location, but cannot be used yet. Basic tasks still rely on the host's tools. Nevertheless, the installed
libraries are used when linking.

Using the utilitieswill be possible in the next chapter after entering the “chroot” environment. But all the packages built
in the present chapter need to be built before we do that. Therefore we cannot be independent of the host system yet.

Onceagain, let usrecall that improper setting of LFs together with building asr oot , may render your computer unusable.
This whole chapter must be done as user | fs, with the environment as described in Section 4.4, “Setting Up the
Environment.”

59



6.2. M4-1.4.21

The M4 package contains a macro processor.

Approximate build time: 0.1 SBU
Required disk space: 39 MB

6.2.1. Installation of M4
Prepare M4 for compilation:
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./configure --prefix=/usr \
- -host =$LFS_TGT \
- - bui | d=$( bui | d- aux/ confi g. guess)

Compile the package:

‘ make

Install the package:

‘ make DESTDI R=$LFS i nstal |

Details on this package are located in Section 8.14.2, “ Contents of M4.”
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6.3. Ncurses-6.6

The Ncurses package contains libraries for terminal-independent handling of character screens.

Approximate build time: 0.4 SBU
Required disk space: 54 MB

6.3.1. Installation of Ncurses

First, run the following commands to build the tic program on the build host. We install it in $LFS/ t ool s, SO that it is
found in the PATH when needed:

nkdir build
pushd build
../configure --prefix=$LFS/tool s AWK=gawk
make -C incl ude
make -C progs tic
install progs/tic $LFS/tool s/bin
popd

Prepare Ncurses for compilation:

./configure --prefix=/usr
- - host =$LFS_TGT
--bui | d=$(./confi g. guess)
- -mandi r =/ usr/ shar e/ man
--wi t h- manpage- f or mat =nor nal
--w t h-shared
--w t hout - nor mal
--w t h- cxx- shared
--wi t hout - debug
--w t hout - ada
- -di sabl e-stri ppi ng
WK=gawk

o o o e e e e e e —

The meaning of the new configure options:

--wi t h- manpage- f or mat =nor nal
This prevents Ncurses from installing compressed manual pages, which may happen if the host distribution itself
has compressed manual pages.

--w t h-shared

This makes Ncurses build and install shared C libraries.

--w t hout - nor mal
This prevents Ncurses from building and installing static C libraries.

--wi t hout - debug
This prevents Ncurses from building and installing debug libraries.

--wW t h-cxx-shared
This makes Ncurses build and install shared C++ bindings. It also prevents it building and installing static C+
+ bindings.

--wi t hout - ada

This ensures that Ncurses does not build support for the Ada compiler, which may be present on the host but will
not be available once we enter the chroot environment.
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--di sabl e-stri ppi ng
This switch prevents the building system from using the strip program from the host. Using host tools on cross-
compiled programs can cause failure.

AVK=gawk
This switch prevents the building system from using the mawk program from the host. Some versions of mawk
can cause this package to fail to build.

Compile the package:

‘ make

Install the package:

make DESTDI R=$LFS i nstal l
In -sv libncursesw.so $LFS/usr/lib/libncurses. so
sed -e 'S/ #if.*XOPEN. *$/#i f 1/' \

-i $LFS/ usr/incl ude/curses. h

The meaning of theinstall options:

In -sv libncur sesw.so $L FS/usr/lib/libncur ses.so
The 1i bncurses. so library is needed by a few packages we will build soon. We create this symlink to use
l'i bncur sesw. so as areplacement.

sed -e'sM#if * XOPEN.* $/#if 1/' ...
The header file curses. h contains the definition of various Ncurses data structures. With different preprocessor
macro definitions two different sets of the data structure definition may be used: the 8-bit definition is compatible
with 1i bncurses. so and the wide-character definition is compatible with 1i bncur sesw. so. Since we are using
l'i bncursesw. so @s areplacement of 1i bncur ses. so, edit the header file so it will always use the wide-character
data structure definition compatible with 1 i bncur sesw. so.

Details on this package are located in Section 8.31.2, “ Contents of Ncurses.”
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6.4. Bash-5.3

The Bash package contains the Bourne-Again Shell.

Approximate build time: 0.2 SBU
Required disk space: 72 MB

6.4.1. Installation of Bash
Prepare Bash for compilation:
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./configure --prefix=/usr
--bui | d=$(sh support/confi g. guess)
--host =$LFS_TGT
--W t hout - bash- mal | oc

\
\
\

The meaning of the configure options:

--w t hout - bash-mal | oc

Thisoption turns off the use of Bash's memory allocation (nal | oc) function which isknown to cause segmentation
faults. By turning this option off, Bash will use the mal | oc functions from Glibc which are more stable.

Compile the package:

‘ make

Install the package:

‘ make DESTDI R=$LFS i nstal |

Make alink for the programs that use sh for a shell:

\ In -sv bash $LFS/ bin/sh

Details on this package are located in Section 8.37.2, “ Contents of Bash.”
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6.5. Coreutils-9.10

The Coreutils package contains the basic utility programs needed by every operating system.

Approximate build time: 0.3 SBU
Required disk space: 185 MB

6.5.1. Installation of Coreutils

Prepare Coreutils for compilation:

./configure --prefix=/usr \
--host =$LFS_TGT \
- - bui | d=$( bui I d- aux/ confi g. guess) \
--enabl e-i nst al | - progr anrhost nane \
--enabl e-no-instal |l -progranmekill, uptine

The meaning of the configure options:

--enabl e-i nstal | - progranrhost nane

This enables the hostname binary to be built and installed — it is disabled by default but is required by the Perl
test suite.

Compile the package:

‘ make

Install the package:

‘ make DESTDI R=$LFS i nst al |

Move programsto their final expected locations. Although thisisnot necessary in thistemporary environment, we must
do so because some programs hardcode executable locations:

mv -v $LFS/ usr/ bin/chroot $LFS/ usr/sbin

nkdi r -pv $LFS/ usr/share/ man/ man8

mv -v $LFS/ usr/share/ man/ manl/ chroot. 1 $LFS/ usr/ shar e/ man/ man8/ chr oot . 8
sed -i 's/"1"/"8"/' $LFS/ usr/ shar e/ man/ man8/ chr oot . 8

Details on this package are located in Section 8.61.2, “ Contents of Coreutils.”
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6.6. Diffutils-3.12

The Diffutils package contains programs that show the differences between files or directories.

Approximate build time: 0.1 SBU
Required disk space: 35MB

6.6.1. Installation of Diffutils
Prepare Diffutils for compilation:

./configure --prefix=/usr \
- -host =$LFS_TGT \
gl _cv_func_strcasecnp_wor ks=y \
--bui | d=$( ./ bui | d-aux/ confi g. guess)

The meaning of the configure options:

gl _cv_func_strcasecnp_wor ks=y

This option specify the result of a check for the st rcasecnp. The check requires running a compiled C program,
and this is impossible during cross-compilation because in general a cross-compiled program cannot run on the
host distro. Normally for such a check the configur e script would use afall-back value for cross-compilation, but
the fall-back value for this check is absent and the configur e script would have no value to use and error out. The
upstream has already fixed the issue, but to apply the fix we'd need to run autoconf that the host distro may lack.
So we just specify the check result (y as we know the st r casecnp function in Glibc-2.43 works fine) instead, then
configure will just use the specified value and skip the check.

Compile the package:

‘nake ‘

Install the package:

‘ make DESTDI R=$LFS i nst al | ‘

Details on this package are located in Section 8.62.2, “ Contents of Diffutils.”
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6.7. File-5.46

The File package contains a utility for determining the type of a given file or files.

Approximate build time: 0.1 SBU
Required disk space: 43 MB

6.7.1. Installation of File

The file command on the build host needs to be the same version as the one we are building in order to create the
signature file. Run the following commands to make atemporary copy of the file command:

nkdi r build
pushd build
../configure --disable-bzlib \
--di sabl e-1i bsecconp \
--di sabl e-xzlib \
--disable-zlib
make
popd

The meaning of the new configur e option:

--di sabl e-*

The configuration script attempts to use some packages from the host distribution if the corresponding library files
exist. It may cause compilation failure if a library file exists, but the corresponding header files do not. These
options prevent using these unneeded capabilities from the host.

Prepare File for compilation:

‘./configure --prefix=/usr --host=$LFS TGT --build=$(./config. guess) ‘

Compile the package:

‘ meke FI LE_COWPI LE=$(pwd)/ buil d/src/file ‘

Install the package:

\ make DESTDI R=$LFS i nstal | ‘

Remove the libtool archive file because it is harmful for cross compilation:

\rm-v $LFS/usr/1ib/1ibmagic.la \

Details on this package are located in Section 8.11.2, “ Contents of File.”
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6.8. Findutils-4.10.0

The Findutils package contains programsto find files. Programs are provided to search through all thefilesin adirectory
tree and to create, maintain, and search adatabase (often faster than the recursive find, but unreliable unlessthe database

has been updated recently). Findutils also supplies the xar gs program, which can be used to run a specified command
on each file selected by a search.

Approximate build time: 0.2 SBU
Required disk space: 43 MB

6.8.1. Installation of Findutils

Prepare Findutils for compilation:

./configure --prefix=/usr \
--local statedir=/var/lib/locate \
--host =$LFS_TGT \
- - bui | d=$( bui | d- aux/ confi g. guess)

Compile the package:

‘ make ‘

Install the package:

‘ make DESTDI R=$LFS i nst al | ‘

Details on this package are located in Section 8.64.2, “ Contents of Findutils.”
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6.9. Gawk-5.3.2

The Gawk package contains programs for manipulating text files.

Approximate build time: 0.1 SBU
Required disk space: 49 MB

6.9.1. Installation of Gawk

First, ensure some unneeded files are not installed:

‘sed -i "slextras//' Makefile.in

Prepare Gawk for compilation:

./ configure --prefix=/usr \
--host =$LFS_TGT \
- - bui | d=$( bui | d- aux/ confi g. guess)

Compile the package:

‘nake ‘

Install the package:

\ make DESTDI R=$LFS i nstal | ‘

Details on this package are located in Section 8.63.2, “ Contents of Gawk.”
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6.10. Grep-3.12

The Grep package contains programs for searching through the contents of files.

Approximate build time: 0.1 SBU
Required disk space: 32MB

6.10.1. Installation of Grep
Prepare Grep for compilation:

./configure --prefix=/usr \
- -host =$LFS_TGT \
--bui | d=$( ./ bui | d-aux/ confi g. guess)

Compile the package:

‘ make

Install the package:

‘ make DESTDI R=$LFS i nstal |

Details on this package are located in Section 8.36.2, “ Contents of Grep.”
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6.11. Gzip-1.14

The Gzip package contains programs for compressing and decompressing files.

Approximate build time: 0.1 SBU
Required disk space: 12 MB

6.11.1. Installation of Gzip
Prepare Gzip for compilation:

‘ ./configure --prefix=/usr --host=3LFS TGT ‘

Compile the package:

‘ make ‘

Install the package:

‘ make DESTDI R=$LFS i nstal | ‘

Details on this package are located in Section 8.67.2, “ Contents of Gzip.”
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6.12. Make-4.4.1

The Make package contains a program for controlling the generation of executables and other non-source files of a
package from source files.

Approximate build time:  lessthan 0.1 SBU
Required disk space: 15MB

6.12.1. Installation of Make
Prepare Make for compilation:

./configure --prefix=/usr \
- -host =$LFS_TGT \
- - bui | d=$( bui | d- aux/ confi g. guess)

Compile the package:

‘ make ‘

Install the package:

‘ make DESTDI R=$LFS i nstal | ‘

Details on this package are located in Section 8.71.2, “ Contents of Make.”
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6.13. Patch-2.8

The Patch package contains a program for modifying or creating files by applying a “patch” file typically created by
the diff program.

Approximate build time: 0.1 SBU
Required disk space: 14 MB

6.13.1. Installation of Patch
Prepare Patch for compilation:

./configure --prefix=/usr \
- -host =$LFS_TGT \
- - bui | d=$( bui | d- aux/ confi g. guess)

Compile the package:

‘ make

Install the package:

‘ make DESTDI R=$LFS i nstal |

Details on this package are located in Section 8.72.2, “ Contents of Patch.”
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6.14. Sed-4.9

The Sed package contains a stream editor.

Approximate build time: 0.1 SBU
Required disk space: 21 MB

6.14.1. Installation of Sed
Prepare Sed for compilation:
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./configure --prefix=/usr \
- -host =$LFS_TGT \
--bui | d=$( ./ bui | d-aux/ confi g. guess)

Compile the package:

‘ make

Install the package:

‘ make DESTDI R=$LFS i nstal |

Details on this package are located in Section 8.32.2, “ Contents of Sed.”
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6.15. Tar-1.35

The Tar package provides the ability to create tar archives as well as perform various other kinds of archive
manipulation. Tar can be used on previously created archives to extract files, to store additional files, or to update or
list files which were already stored.

Approximate build time: 0.1 SBU
Required disk space: 42 MB

6.15.1. Installation of Tar

Prepare Tar for compilation:

./configure --prefix=/usr \
--host =$LFS_TGT \
- - bui | d=$( bui | d- aux/ confi g. guess)

Compile the package:

‘ make ‘

Install the package:

‘ make DESTDI R=$LFS i nst al | ‘

Details on this package are located in Section 8.73.2, “ Contents of Tar.”
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6.16. Xz-5.8.2

The Xz package contains programs for compressing and decompressing files. It provides capabilities for the |zma and
the newer xz compression formats. Compressing text files with xz yields a better compression percentage than with
the traditional gzip or bzip2 commands.

Approximate build time: 0.1 SBU
Required disk space: 24 MB

6.16.1. Installation of Xz

Prepare Xz for compilation:

./configure --prefix=/usr \
--host =$LFS_TGT \
- - bui | d=$( bui I d- aux/ confi g. guess) \
--di sabl e-static \
- -docdi r =/ usr/ shar e/ doc/ xz-5. 8. 2

Compile the package:

‘ make

Install the package:

‘ make DESTDI R=$LFS i nstal |

Remove the libtool archive file because it is harmful for cross compilation:

‘rm-v $LFS/usr/lib/1iblzm.la

Details on this package are located in Section 8.8.2, “Contents of Xz.”
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6.17. Binutils-2.46.0 - Pass 2

The Binutils package contains alinker, an assembler, and other tools for handling object files.

Approximate build time: 0.4 SBU
Required disk space: 557 MB

6.17.1. Installation of Binutils

Binutils building system relies on an shipped libtool copy to link against internal static libraries, but the libiberty and
Zlib copies shipped in the package do not uselibtool. Thisinconsistency may cause produced binaries mistakenly linked
against libraries from the host distro. Work around this issue:

\sed ' 6031s/$add _dir//' -i |tmain.sh ‘

Create a separate build directory again:

nkdir -v build
cd buil d

Prepare Binutils for compilation:

../configure
- - prefix=/usr
--bui I d=$(. ./ confi g. guess)
--host =$LFS_TGT
--di sabl e-nls
- - enabl e- shar ed
- - enabl e- gpr of ng=no
- - di sabl e-werror
- -enabl e- 64- bi t - bfd
- - enabl e- new dt ags \
- -enabl e- def aul t - hash- st yl e=gnu

— - - - - - —

The meaning of the new configur e options:

- -enabl e- shared
Builds!i bbf d asashared library.

--enabl e-64-bit-bfd

Enables 64-bit support (on hosts with smaller word sizes). This may not be needed on 64-bit systems, but it does
no harm.

Compile the package:

‘nake ‘

Install the package:

‘nake DESTDI R=$LFS i nst al | ‘

Removethelibtool archivefilesbecausethey are harmful for cross compilation, and remove unnecessary static libraries:

‘rm-v $LFS/usr/1ib/1ib{bfd, ctf,ctf-nobfd, opcodes, sfrane}.{a,la} ‘

Details on this package are located in Section 8.21.2, “ Contents of Binutils.”
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6.18. GCC-15.2.0 - Pass 2

The GCC package contains the GNU compiler collection, which includes the C and C++ compilers.

Approximate build time: 4.5 SBU
Required disk space: 6.0 GB

6.18.1. Installation of GCC

Asin the first build of GCC, the GMP, MPFR, and MPC packages are required. Unpack the tarballs and move them
into the required directories:

tar -xf ../npfr-4.2.2. tar.xz
m/ -v npfr-4.2.2 npfr

tar -xf ../gnp-6.3.0.tar.xz
m/ -v gnp-6.3.0 gnp

tar -xf ../npc-1.3.1.tar.gz
m/ -v npc-1.3.1 npc

If you are building on x86_64, change the default directory name for 64-bit librariesto “lib”:

case $(unane -n) in
x86_64)
sed -e '/nb4=/s/1ib64/lib/" \
-i.orig gcc/config/i386/t-1inux64

esac
Overridethebuild rules of thelibgcc and libstdc++ headersto allow building theselibrarieswith POSI X threads support:

sed '/thread_header =/s/@*@ gt hr-posix. h/"' \
-i libgcc/ Makefile.in |ibstdc++-v3/include/ Makefile.in

Create a separate build directory again:

nkdir -v build
cd build

Before starting to build GCC, remember to unset any environment variablesthat override the default optimization flags.

Now prepare GCC for compilation:

../configure
--bui I d=$(. ./ confi g. guess)
--host =$LFS_TGT
--target =$LFS_TGT
- - prefix=/usr
--wi t h- bui | d- sysr oot =$LFS
--enabl e-defaul t-pi e
--enabl e-defaul t - ssp
--di sabl e-nls
--disable-multilib
--di sabl e-1i bat oni c
- -di sabl e-1 i bgonp
- -di sabl e-1i bquadmat h
--di sabl e-1i bsanitizer
--di sabl e-1i bssp
--di sabl e-1ibvtv
- -enabl e- | anguages=c, c++
LDFLAGS_FOR TARCET=- L$PW $LFS_TGI/ | i bgcc

— - - —

77



Linux From Scratch - Version 13.0-systemd

The meaning of the new configur e options:

--w t h- bui | d-sysr oot =$LFS
Normally, using - - host ensuresthat across-compiler isused for building GCC, and that compiler knowsthat it has

to look for headers and libraries in $LFs. However, the build system for GCC uses additional tools which are not
aware of thislocation. This switch is needed so those tools will find the needed filesin sLFs, and not on the host.

--target =$LFS_TGT

We are cross-compiling GCC, so it's impossible to build target libraries (1 i bgcc and 1i bst dc++) with the GCC
binaries compiled in this pass—those binaries won't run on the host. The GCC build system will attempt to use
the host's C and C++ compilers as a workaround by default. Building the GCC target libraries with a different
version of GCC is not supported, so using the host's compilers may cause the build to fail. This parameter ensures
the libraries are built by GCC pass 1.

LDFLAGS_FOR TARGET=. ..

Allow | i bst dc++ to usethel i bgec being built in this pass, instead of the previous version built in gcc-passl. The
previous version cannot properly support C++ exception handling because it was built without libc support.

--di sable-libsanitizer

Disable GCC sanitizer runtime libraries. They are not needed for the temporary installation. In gcc-passl it was
implied by - - di sabl e-1i bst dexx, and now we can explicitly passit.

Compile the package:

‘ make ‘

Install the package:

‘ make DESTDI R=$LFS i nstal l ‘

As afinishing touch, create a utility symlink. Many programs and scripts run cc instead of gcc, which is used to keep
programs generic and therefore usable on all kinds of UNIX systemswherethe GNU C compiler isnot alwaysinstalled.
Running cc leaves the system administrator free to decide which C compiler to install:

‘ In -sv gcc $LFS/ usr/bin/cc ‘

Details on this package are located in Section 8.30.2, “ Contents of GCC.”
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Chapter 7. Entering Chroot and Building Additional
Temporary Tools

7.1. Introduction

This chapter shows how to build the last missing bits of the temporary system: the tools needed to build the various
packages. Now that all circular dependencies have been resolved, a “chroot” environment, completely isolated from
the host operating system (except for the running kernel), can be used for the build.

For proper operation of the isolated environment, some communication with the running kernel must be established.
This is done via the so-caled Virtual Kernel File Systems, which will be mounted before entering the chroot
environment. Y ou may want to verify that they are mounted by issuing the findmnt command.

Until Section 7.4, “Entering the Chroot Environment”, the commands must be run as r oot , with the LFs variable set.
After entering chroot, all commands are run as r oot , fortunately without access to the OS of the computer you built
LFSon. Be careful anyway, asit is easy to destroy the whole LFS system with bad commands.

7.2. Changing Ownership
'i Note

The commands in the remainder of this book must be performed while logged in as user r oot and no longer
asuser | fs. Also, double check that $LFs iSSet inr oot 's environment.

Currently, the whole directory hierarchy in sLFs is owned by the user | s, a user that exists only on the host system.
If the directories and files under sLFs are kept as they are, they will be owned by a user ID without a corresponding
account. Thisis dangerous because a user account created later could get this same user ID and would own all the files
under $LFs, thus exposing these files to possible malicious manipulation.

To address thisissue, change the ownership of the sLFs/ * directories to user r oot by running the following command:

chown --fromlfs -R root:root $LFS/{usr,var, etc,tool s}
case $(unane -n) in

x86_64) chown --fromlfs -R root:root $LFS/I1ib64 ;;
esac

7.3. Preparing Virtual Kernel File Systems

Applications running in userspace utilize various file systems created by the kernel to communicate with the kernel
itself. These file systems are virtual: no disk space is used for them. The content of these file systems resides in

memory. These file systems must be mounted in the $LFS directory tree so the applications can find them in the chroot
environment.

Begin by creating the directories on which these virtual file systemswill be mounted:
nkdir -pv $LFS/ {dev, proc, sys, run}
7.3.1. Mounting and Populating /dev

During anormal boot of an LFS system, the kernel automatically mountsthedevt npf s file system onthe/ dev directory;
the kernel creates device nodes on that virtual file system during the boot process, or when a device is first detected
or accessed. The udev daemon may change the ownership or permissions of the device nodes created by the kernel,
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and create new device nodes or symlinks, to ease the work of distro maintainers and system administrators. (See
Section 9.3.2.2, “Device Node Creation” for details.) If the host kernel supports devt npf s, we can simply mount a
devt npf s at $LFS/ dev and rely on the kernel to populate it.

But some host kernels lack devt npf s support; these host distros use different methods to create the content of / dev. So
the only host-agnostic way to populate the sLFs/ dev directory is by bind mounting the host system's/ dev directory. A
bind mount is a specia type of mount that makes a directory subtree or afile visible at some other location. Use the
following command to do this.

mount -v --bind /dev $LFS/ dev

7.3.2. Mounting Virtual Kernel File Systems

Now mount the remaining virtual kernel file systems:

mount -vt devpts devpts -o gi d=5, node=0620 $LFS/ dev/ pts
mount -vt proc proc $LFS/ proc
mount -vt sysfs sysfs $LFS/sys
nount -vt tnpfs tnpfs $LFS/run

The meaning of the mount optionsfor devpts:

gi d=5
Thisensuresthat al devpts-created device nodesare owned by group ID 5. Thisisthe D wewill uselater onfor the
tty group. We usethe group ID instead of aname, since the host system might use adifferent ID for itstty group.

node=0620
This ensures that all devpts-created device nodes have mode 0620 (user readable and writable, group writable).
Together with the option above, this ensures that devpts will create device nodes that meet the requirements of
grantpt(), meaning the Glibc pt_chown helper binary (which is not installed by default) is not necessary.

In some host systems, / dev/ shmisasymbolic link to adirectory, typicaly / run/ shm The/run tmpfswas mounted above
so in this case only a directory needs to be created with the correct permissions.

In other host systems/ dev/ shmisamount point for atmpfs. In that case the mount of /dev above will only create /dev/
shm as adirectory in the chroot environment. In this situation we must explicitly mount atmpfs:

if [ -h $LFS/dev/shm]; then

install -v -d -m 1777 $LFS$(real path /dev/shm
el se

mount -vt tnpfs -o nosuid, nodev tnpfs $LFS/ dev/ shm
fi

7.4. Entering the Chroot Environment

Now that all the packages which are required to build the rest of the needed tools are on the system, it is time to enter
the chroot environment and finish installing the temporary tools. This environment will also be used to install the final
system. As user root, run the following command to enter the environment that is, at the moment, populated with
nothing but temporary tools:

chroot "$LFS" /usr/bin/env -i \
HOME=/ r oot \
TERME" $TERM' \
PS1='(Ifs chroot) \u:\w$ ' \
PATH=/ usr/ bi n: /usr/sbin \
MAKEFLAGS="-j $(nproc)" \
TESTSU TEFLAGS="-j $(nproc)" \

/ bi n/ bash --1o0gin
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If you don't want to use all available logical cores, replace $(nproc) with the number of logical cores you want to use
for building packages in this chapter and the following chapters. The test suites of some packages (notably Autoconf,
Libtool, and Tar) in Chapter 8 are not affected by MAKEFLAGS, they use a TESTSUI TEFLAGS environment variable instead.
We set that here as well for running these test suites with multiple cores.

The-i option given to the env command will clear all the variablesin the chroot environment. After that, only the HovE,
TERV, PS1, and PATH variables are set again. The TERM=$TERM construct sets the TERv variable inside chroot to the same
value as outside chroot. This variable is needed so programs like vim and less can operate properly. If other variables
are desired, such as CFLAGS Or CxxXFLAGS, thisisagood place to set them.

From this point on, there is no need to use the LFs variable any more because al work will be restricted to the LFSfile
system; the chroot command runs the Bash shell with theroot (/) directory set to $LFs.

Notice that / t ool s/ bi n IS not in the PATH. This means that the cross toolchain will no longer be used.

Also note that the bash prompt will say 1 have no name! Thisis normal because the /et c/ passwd file has not been
created yet.

% Note
’ 4

It is important that all the commands throughout the remainder of this chapter and the following chapters
are run from within the chroot environment. If you leave this environment for any reason (rebooting for
example), ensure that the virtual kernel filesystems are mounted as explained in Section 7.3.1, “Mounting and
Populating /dev” and Section 7.3.2, “Mounting Virtual Kernel File Systems’ and enter chroot again before
continuing with the installation.

7.5. Creating Directories

It istimeto create the full directory structure in the LFS file system.

% Note
s

Some of the directories mentioned in this section may have aready been created earlier with explicit
instructions, or when installing some packages. They are repeated below for completeness.

Create someroot-level directoriesthat arenot inthelimited set required inthe previous chaptersby issuing thefollowing
command:

nkdi r -pv /{boot, horme, mt, opt, srv}
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Create the required set of subdirectories below the root-level by issuing the following commands:

nkdir -pv /etc/{opt, sysconfi g}

nkdir -pv /1ib/firmare

nkdi r -pv /medi a/ {fl oppy, cdront

nkdir -pv /usr/{,local/}{include,src}

nkdir -pv /usr/lib/locale

nkdir -pv /usr/local/{bin,lib,sbin}

nkdir -pv /usr/{,local/}share/{col or, dict, doc,info, | ocal e, man}
nkdir -pv /usr/{,local/}share/{m sc,term nfo, zonei nf 0}
nkdir -pv /usr/{,local/}share/ man/ man{1l.. 8}

nkdir -pv /var/{cache, | ocal, |l og, mail, opt, spool }

nkdir -pv /var/lib/{col or, m sc, | ocat e}

In -sfv /run /var/run
In -sfv /run/lock /var/l ock

install -dv -m 0750 /root
install -dv -m 1777 /tnp /var/tnp

Directories are, by default, created with permission mode 755, but thisis not desirable everywhere. In the commands
above, two changes are made—one to the home directory of user r oot , and another to the directoriesfor temporary files.

The first mode change ensures that not just anybody can enter the/root directory—just like a normal user would do
with his or her own home directory. The second mode change makes sure that any user can write to the /t np and /
var/ t np directories, but cannot remove another user's files from them. The latter is prohibited by the so-called “ sticky
bit,” the highest bit (1) in the 1777 bit mask.

7.5.1. FHS Compliance Note

Thisdirectory tree is based on the Filesystem Hierarchy Standard (FHS) (available at https://refspecs.linuxfoundation.
org/fhs.shtml). The FHS also specifies the optional existence of additional directories such as/usr/1ocal / games and
I usr/ shar e/ games. In LFS, we create only the directories that are really necessary. However, feel free to create more
directories, if you wish.

. Warning

The FHS does not mandate the existence of the directory / usr/1i be4, and the LFS editors have decided not
to useit. For the instructions in LFS and BLFS to work correctly, it isimperative that this directory be non-
existent. From timeto time you should verify that it does not exist, becauseit is easy to createit inadvertently,
and thiswill probably break your system.

7.6. Creating Essential Files and Symlinks

Historically, Linux maintained a list of the mounted file systemsin the file / et c/ nt ab. Modern kernels maintain this
list internally and expose it to the user viathe/ proc filesystem. To satisfy utilities that expect to find / et c/ nt ab, create
the following symbolic link:

In -sv /proc/self/mounts /etc/ntab

Create abasic/ et c/ host s file to be referenced in some test suites, and in one of Perl's configuration files as well:

cat > /etc/hosts << EOF

127.0.0.1 | ocal host $(host nane)

1 | ocal host

ECF
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In order for user root to be able to login and for the name “root” to be recognized, there must be relevant entries in
the/ et ¢/ passwd and / et ¢/ gr oup files.

Create the/ et ¢/ passwd file by running the following command:

cat > /etc/passwd << "EOF"

root: x: 0: 0:root:/root:/bin/bash

bi n: x: 1:1: bin:/dev/null:/usr/bin/false

daenon: x: 6: 6: Daenon User:/dev/null:/usr/bin/false
nmessagebus: x: 18: 18: D- Bus Message Daenon User:/run/dbus:/usr/bin/fal se
syst end- j our nal - gat eway: x: 73: 73: systend Journal Gateway:/:/usr/bin/false
systend-j ournal -renot e: x: 74: 74: systend Journal Renote:/:/usr/bin/false
syst end- j our nal - upl oad: x: 75: 75: syst end Journal Upl oad:/:/usr/bin/false
syst end- net wor k: X: 76: 76: syst end Net wor k Managenent:/:/usr/bin/fal se
systend-resol ve: x: 77: 77: syst end Resol ver:/:/usr/bin/fal se
systend-ti mesync: x: 78: 78: systend Ti me Synchroni zation:/:/usr/bin/false
syst end- cor edunp: x: 79: 79: systend Core Dunper:/:/usr/bin/fal se

uui dd: x: 80: 80: UUI D CGenerati on Daermon User:/dev/null:/usr/bin/false
syst end- oom x: 81: 81: systend Qut Of Menory Daenon:/:/usr/bin/fal se
nobody: x: 65534: 65534: Unpri vi | eged User:/dev/null:/usr/bin/fal se

ECF

The actual password for root will be set |ater.

Create the/ et ¢/ gr oup file by running the following command:

cat > /etc/group << "EOF"
root: x: 0:

bi n: x: 1: daenmon

SyS: X: 2:

kmem x: 3:

t ape: x: 4:

tty: x:5:

daenon: x: 6:

fl oppy: x: 7:

di sk: x: 8:

| p: x:9:

di al out : x: 10:

audi o: x: 11:

vi deo: x: 12:

ut mp: x: 13:

cl ock: x: 14:

cdrom x: 15:

adm x: 16:

nessagebus: x: 18:

syst end-j our nal : x: 23

i nput : x: 24:

mai | : x: 34:

kvm x: 61:

syst end- j our nal - gat eway: x: 73
syst end- j our nal -r enot e: x: 74:
syst end- j our nal - upl oad: x: 75:
syst end- net wor k: x: 76

syst end-resol ve: x: 77
systend-ti mesync: x: 78
syst end- cor edunp: x: 79:

uui dd: x: 80

syst end- oom x: 81:
wheel : x: 97:

users: x: 999:

nogr oup: x: 65534:

ECF
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The created groups are not part of any standard—they are groups decided on in part by the requirements of the Udev
configuration in Chapter 9, and in part by common conventions employed by a number of existing Linux distributions.
In addition, some test suites rely on specific users or groups. The Linux Standard Base (LSB, available at https://
refspecs.linuxfoundation.org/lsh.shtml) only recommends that, besides the group r oot with a Group ID (GID) of 0, a
group bi n with a GID of 1 be present. The GID of 5iswidely used for thetty group, and the number 5 isalso used in
systemd for the devpt s filesystem. All other group names and GIDs can be chosen freely by the system administrator
since well-written programs do not depend on GID numbers, but rather use the group's name.

The ID 65534 is used by the kernel for NFS and separate user namespaces for unmapped users and groups (those exist
on the NFS server or the parent user namespace, but “do not exist” on the local machine or in the separate namespace).
We assign nobody and nogr oup to avoid an unnamed ID. But other distros may treat this 1D differently, so any portable
program should not depend on this assignment.

Some tests in Chapter 8 need aregular user. We add this user here and del ete this account at the end of that chapter.

echo "tester:x:101:101::/ hone/tester:/bin/bash" >> /etc/passwd
echo "tester:x:101:" >> /etc/group
install -o tester -d /hone/tester

To remove the “I have no name!” prompt, start a new shell. Since the / et ¢/ passwd and 7 et ¢/ gr oup files have been
created, user name and group name resolution will now work:

exec /usr/bin/bash --1ogin

The login, agetty, and init programs (and others) use a number of log files to record information such as who was
logged into the system and when. However, these programs will not write to the log files if they do not already exist.
Initialize the log files and give them proper permissions:

touch /var/log/{btnp,|astlog,faill og, wt np}

chgrp -v utnp /var/log/l astl og

chnod -v 664 /var/log/lastl og
chnod -v 600 /var/l og/btnp

The/var/1og/w np file records al logins and logouts. The/var/1og/ 1 ast 1 og file records when each user last logged
in. The/var/1og/ faillog filerecordsfailed login attempts. The/var/1 og/ bt np file records the bad login attempts.

% Note
’ 4

The/ run/ ut np filerecords the usersthat are currently logged in. Thisfileis created dynamically when auser
logs into the system.

% Note
' 4

Theut np, wt np, bt np, and | ast | og filesuse 32-bit integersfor timestamps and they'll be fundamentally broken
after year 2038. Many packages have stopped using them and other packages are going to stop using them.
It is probably best to consider them deprecated.
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7.7. Gettext-1.0

The Gettext package contains utilities for internationalization and localization. These allow programs to be compiled
with NL S (Native Language Support), enabling them to output messages in the user's native language.

Approximate build time: 1.5 SBU
Required disk space: 526 MB

7.7.1. Installation of Gettext

For our temporary set of tools, we only need to install three programs from Gettext.

Prepare Gettext for compilation:

‘ ./ configure --disable-shared ‘

The meaning of the configur e option:

--di sabl e- shar ed

We do not need to install any of the shared Gettext libraries at thistime, therefore there is no need to build them.
Compile the package:

‘ make ‘

Install the msgfmt, msgmer ge, and xgettext programs:

‘cp -v gettext-tools/src/{msgfm, nsgmerge, xgettext} /usr/bin ‘

Details on this package are located in Section 8.34.2, “ Contents of Gettext.”
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7.8. Bison-3.8.2

The Bison package contains a parser generator.

Approximate build time: 0.2 SBU
Required disk space: 58 MB

7.8.1. Installation of Bison

Prepare Bison for compilation:

./configure --prefix=/usr \
--docdi r=/usr/ shar e/ doc/ bi son-3. 8. 2

The meaning of the new configur e option:

--docdi r=/usr/share/ doc/ bi son-3. 8. 2
Thistellsthe build system to install bison documentation into a versioned directory.

Compile the package:

‘ make

Install the package:

‘ make install

Details on this package are located in Section 8.35.2, “ Contents of Bison.”
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7.9. Perl-5.42.0

The Perl package contains the Practical Extraction and Report Language.

Approximate build time: 0.6 SBU
Required disk space: 295 MB

7.9.1. Installation of Perl
Prepare Perl for compilation:

sh Configure -des
-D prefix=/usr
- D vendor prefi x=/ usr
-D useshrplib
-D privlib=/usr/lib/perl5/5.42/core_perl
-D archlib=/usr/lib/perl5/5.42/core_perl
-D sitelib=/usr/lib/perl5/5.42/site_perl
-D sitearch=/usr/lib/perl5/5.42/site_per
-D vendorlib=/usr/lib/perl5/5.42/ vendor perl \
-D vendorarch=/usr/lib/ perl5/5. 42/ vendor _per

\
\
\
\
\
\
\
\

The meaning of the Configure options:

- des
Thisisacombination of three options: -d uses defaults for all items; -e ensures completion of all tasks; -s silences
non-essential output.

- D vendor prefi x=/ usr

This ensures per| knows how to tell packages where they should install their Perl modules.

-D useshrplib
Build i bper I needed by some Perl modules as a shared library, instead of a static library.

-Dprivlib,-D archlib,-D sitelib,...
These settings define where Perl looks for installed modules. The LFS editors chose to put them in a directory
structure based on the MAJOR.MINOR version of Perl (5.42) which alows upgrading Perl to newer patch levels
(the patch level is the last dot separated part in the full version string like 5.42.0) without reinstalling all of the
modules.

Compile the package:

‘nake ‘

Install the package:

‘nake i nstall ‘

Details on this package are located in Section 8.44.2, “ Contents of Perl.”
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7.10. Python-3.14.3

The Python 3 package contains the Python development environment. It is useful for object-oriented programming,
writing scripts, prototyping large programs, and developing entire applications. Python is an interpreted computer
language.

Approximate build time: 0.5 SBU
Required disk space: 592 MB

7.10.1. Installation of Python

% Note
’ 4

There are two package files whose name starts with the “python” prefix. The one to extract from is Pyt hon-
3. 14. 3. tar. xz (notice the uppercase first |etter).

Prepare Python for compilation:

./configure --prefix=/usr \
- - enabl e- shared \
--W t hout - ensurepip \
--wi thout-static-Ilibpython

The meaning of the configur e option:

--enabl e- shared
This switch prevents installation of static libraries.

--Wwi t hout - ensur epi p

This switch disables the Python package installer, which is not needed at this stage.

--without-static-Ilibpython
This switch prevents building alarge, but unneeded, static library.

Compile the package:

‘ make

% Note
V 4

Some Python 3 modules can't be built now because the dependencies are not installed yet. For thessi module,
amessage Python requires a QpenSSL 1.1.1 or newer IS outputted. The message should be ignored. Just
make sure the toplevel make command has not failed. The optional modules are not needed now and they
will be built in Chapter 8.

Install the package:

‘ make install

Details on this package are located in Section 8.53.2, “ Contents of Python 3.”
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7.11. Texinfo-7.2

The Texinfo package contains programs for reading, writing, and converting info pages.

Approximate build time: 0.2 SBU
Required disk space: 152 MB

7.11.1. Installation of Texinfo

Prepare Texinfo for compilation:

‘./configure - - prefix=/usr ‘

Compile the package:

‘nake ‘

Install the package:

‘nake i nstall ‘

Details on this package are located in Section 8.74.2, “ Contents of Texinfo.”
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7.12. Util-linux-2.41.3

The Util-linux package contains miscellaneous utility programs.

Approximate build time: 0.2 SBU
Required disk space: 192 MB

7.12.1. Installation of Util-linux

The FHS recommends using the/ var/1i b/ hwel ock directory instead of the usual / et ¢ directory as the location for the
adj ti me file. Create this directory with:

nkdir -pv /var/lib/hwel ock

Prepare Util-linux for compilation:

./configure --libdir=/usr/lib \
--runstatedir=/run \
- - di sabl e- chf n-chsh \
--di sabl e-1 0gin \
- - di sabl e- nol ogi n \
- -di sabl e-su \
--di sabl e-setpriv \
- - di sabl e-runuser \
- -di sabl e- pyl i brount \
--di sabl e-static \
--di sabl e-1i bl astl og2 \

--w t hout - pyt hon \
ADJTI ME_PATH=/ var/1i b/ hwcl ock/adjtime \
--docdi r=/usr/share/doc/util-Ilinux-2.41.3

The meaning of the configure options:

ADJTI ME_PATH=/ var/1i b/ hwcl ock/ adj ti me
This sets the location of the file recording information about the hardware clock in accordance to the FHS. This
is not strictly needed for this temporary tool, but it prevents creating a file at another location, which would not
be overwritten or removed when building the final util-linux package.

--libdir=/usr/lib
This switch ensuresthe . so symlinks targeting the shared library file in the same directory (/ usr/1i b) directly.

--di sabl e-*
These switches prevent warnings about building components that require packages not in LFS or not installed yet.

--wi t hout - pyt hon
This switch disables using Python. It avoids trying to build unneeded bindings.

runst at edi r=/run

This switch sets the location of the socket used by uuidd and 1'i buui d correctly.
Compile the package:
make
Install the package:

make i nst al

Details on this package are located in Section 8.82.2, “ Contents of Util-linux.”
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7.13. Cleaning up and Saving the Temporary System
7.13.1. Cleaning

First, remove the currently installed documentation files to prevent them from ending up in the final system, and to
save about 35 MB:

rm-rf /usr/share/{info, man, doc}/*

Second, on a modern Linux system, the libtool .la files are only useful for libltdl. No libraries in LFS are loaded by
libltdl, and it's known that some .lafiles can cause BLFS package failures. Remove those files now:

find /usr/{lib,libexec} -name \*.la -delete

The current system size is now about 3 GB, however the /tools directory is no longer needed. It uses about 1 GB of
disk space. Delete it now:

rm-rf /tools

7.13.2. Backup

At this point the essential programs and libraries have been created and your current LFS system is in a good state.
Y our system can now be backed up for later reuse. In case of fatal failuresin the subsequent chapters, it often turns out
that removing everything and starting over (more carefully) isthe best way to recover. Unfortunately, all the temporary
fileswill be removed, too. To avoid spending extratime to redo something which has been done successfully, creating
a backup of the current LFS system may prove useful.

% Note
’ 4

All the remaining steps in this section are optional. Nevertheless, as soon as you begin installing packages
in Chapter 8, the temporary files will be overwritten. So it may be a good idea to do a backup of the current
system as described below.

The following steps are performed from outside the chroot environment. That means you have to leave the chroot
environment first before continuing. The reason for that is to get access to file system locations outside of the chroot
environment to store/read the backup archive, which ought not be placed within the sLFs hierarchy.

If you have decided to make a backup, leave the chroot environment:

exit

1 I mportant

All of the following instructions are executed by root on your host system. Take extra care about the
commands you're going to run as mistakes made here can modify your host system. Be aware that the
environment variable LFs is set for user | fs by default but may not be set for r oot .

Whenever commands are to be executed by r oot , make sure you have set LFs.
This has been discussed in Section 2.6, “ Setting the $LFS Variable and the Umask.”

Before making a backup, unmount the virtual file systems:

nount poi nt -q $LFS/ dev/ shm && unount $LFS/ dev/ shm
umount $LFS/ dev/ pts
umobunt $LFS/ {sys, proc, run, dev}
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Make sure you have at least 1 GB free disk space (the source tarballs will be included in the backup archive) on the
file system containing the directory where you create the backup archive.

Note that the instructions below specify the home directory of the host system'sroot user, which is typically found
on the root file system. Replace sHove by a directory of your choice if you do not want to have the backup stored in
root 's home directory.

Create the backup archive by running the following command:

% Note
’ 4

Because the backup archive is compressed, it takes a relatively long time (over 10 minutes) even on a
reasonably fast system.

cd $LFS
tar -cJpf $HOW | fs-tenp-tool s-13.0-systend. tar. xz

% Note

If continuing to chapter 8, don't forget to reenter the chroot environment as explained in the “Important” box
below.

7.13.3. Restore

In case some mistakes have been made and you need to start over, you can use this backup to restore the system and
save some recovery time. Since the sources are located under $LFs, they are included in the backup archive as well,
so they do not need to be downloaded again. After checking that sLFs is set properly, you can restore the backup by
executing the following commands:

. Warning

The following commands are extremely dangerous. If you run rm -rf ./* asthe root user and you do not
change to the $LFS directory or the LFs environment variable is not set for ther oot user, it will destroy your
entire host system. YOU ARE WARNED.

cd $LFS
rm-rf ./*
tar -xpf $HOWE | fs-tenp-tool s-13.0-systend. tar. xz

Again, double check that the environment has been set up properly and continue building the rest of the system.

' I mportant

If you left the chroot environment to create a backup or restart building using a restore, remember to check
that the virtual file systems are still mounted (findmnt | grep $LFS should show at least $LFS/ dev, $LFS/

proc, and $LFS/ sys as mounted). If they are not mounted, remount them now as described in Section 7.3,
“Preparing Virtual Kernel File Systems” and re-enter the chroot environment (see Section 7.4, “Entering the
Chroot Environment”) before continuing.
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Chapter 8. Installing Basic System Software

8.1. Introduction

In this chapter, we start constructing the LFS system in earnest.

Theinstallation of this software is straightforward. Although in many cases the installation instructions could be made
shorter and more generic, we have opted to provide the full instructions for every package to minimize the possibilities
for mistakes. The key to learning what makes a Linux system work is to know what each package is used for and why
you (or the system) may need it.

We do not recommend using customized optimizations. They can make a program run slightly faster, but they may
also cause compilation difficulties, and problems when running the program. If a package refuses to compile with a
customized optimization, try to compile it without optimization and see if that fixes the problem. Even if the package
does compile when using a customized optimization, there is the risk it may have been compiled incorrectly because
of the complex interactions between the code and the build tools. Also note that the - mar ch and - nt une options using
values not specified in the book have not been tested. This may cause problems with the toolchain packages (Binutils,
GCC and Glibc). The small potential gains achieved by customizing compiler optimizations are often outweighed by
therisks. First-time builders of LFS are encouraged to build without custom optimizations.

On the other hand, we keep the optimizations enabled by the default configuration of the packages. In addition, we
sometimes explicitly enable an optimized configuration provided by a package but not enabled by default. The package
maintainers have already tested these configurations and consider them safe, so it's not likely they would break the
build. Generally the default configuration already enables - a2 or - 8, so the resulting system will still run very fast
without any customized optimization, and be stable at the same time.

Before the installation instructions, each installation page provides information about the package, including a concise
description of what it contains, approximately how long it will take to build, and how much disk space is required
during this building process. Following the installation instructions, thereisalist of programs and libraries (along with
brief descriptions) that the package installs.

% Note

The SBU values and required disk space include test suite datafor all applicable packagesin Chapter 8. SBU
values have been calculated using four CPU cores (-j4) for all operations unless specified otherwise.

8.1.1. About Libraries

In general, the LFS editors discourage building and installing static libraries. Most static libraries have been made
obsolete in amodern Linux system. In addition, linking a static library into a program can be detrimental. If an update
to thelibrary is needed to remove a security problem, every program that uses the static library will need to be relinked
with the new library. Since the use of static librariesis not always obvious, the relevant programs (and the procedures
needed to do the linking) may not even be known.

The procedures in this chapter remove or disable installation of most static libraries. Usually thisis done by passing a
--di sabl e- stati ¢ option to configure. In other cases, alternate means are needed. In afew cases, especially Glibc and
GCC, the use of static libraries remains an essential feature of the package building process.

For amore complete discussion of libraries, see Libraries. Satic or shared? in the BLFS book.
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8.2. Package Management

Package Management is an often requested addition to the LFS Book. A Package Manager tracks the installation of
files, making it easier to remove and upgrade packages. A good package manager will also handlethe configurationfiles
specially to keep the user configuration when the package is reinstalled or upgraded. Before you begin to wonder, NO
—this section will not talk about nor recommend any particular package manager. What it does provideis aroundup of
the more popular techniques and how they work. The perfect package manager for you may be among these techniques,
or it may be a combination of two or more of these techniques. This section briefly mentions issues that may arise
when upgrading packages.

Some reasons why no package manager is mentioned in LFS or BLFS include:

» Dealing with package management takes the focus away from the goals of these books—teaching how a Linux
system is built.

» There are multiple solutions for package management, each having its strengths and drawbacks. Finding one
solution that satisfies all audiencesis difficult.

There are some hints written on the topic of package management. Visit the Hints Project and see if one of them fits
your needs.

8.2.1. Upgrade Issues

A Package Manager makes it easy to upgrade to newer versions when they are released. Generally the instructionsin
the LFS and BLFS books can be used to upgrade to the newer versions. Here are some points that you should be aware
of when upgrading packages, especially on arunning system.

* If the Linux kernel needs to be upgraded (for example, from 5.10.17 to 5.10.18 or 5.11.1), nothing else needs to be
rebuilt. The system will keep working fine thanks to the well-defined interface between the kernel and userspace.
Specifically, Linux APl headers need not be upgraded along with the kernel. Y ou will merely need to reboot your
system to use the upgraded kernel.

* If Glibc needs to be upgraded to a newer version, (e.g., from Glibc-2.36 to Glibc-2.43), some extra steps are
needed to avoid breaking the system. Read Section 8.5, “Glibc-2.43” for details.

* If apackage containing a shared library is updated, and if the name of the Iibrary1 changes, then any packages
dynamically linked to the library must be recompiled, to link against the newer library. For example, consider a
package foo-1.2.3 that installs a shared library with the name1 i bf oo. so. 1. Suppose you upgrade the package to
anewer version foo-1.2.4 that installs a shared library with the name 1 i bf oo. so. 2. In this case, any packages that
aredynamically linked to I i bf oo. so. 1 need to be recompiled to link against | i bf oo. so. 2 in order to use the new
library version. Y ou should not remove the old libraries until al the dependent packages have been recompiled.

» If apackageis (directly or indirectly) linked to both the old and new names of a shared library (for example,
the package links to both 1 i bf oo. so. 2 and I'i bbar . so. 1, while the latter linksto Ii bf oo. so. 3), the package may
malfunction because the different revisions of the shared library present incompatible definitions for some symbol
names. This can be caused by recompiling some, but not all, of the packages linked to the old shared library after
the package providing the shared library is upgraded. To avoid the issue, users will need to rebuild every package
linked to a shared library with an updated revision (e.g. libfoo.s0.2 to libf00.50.3) as soon as possible.

The name of ashared library isthe string coded in the DT_ SONAME entry of its ELF dynamic section. Y ou can get it withthereadelf -d <l i brary fi | e>|grep SONAME command. In
most casesit'ssuffixedwith. SO. <a Ver si on numnber >, but there are some cases where it contains multiple numbers for versioning (likel i bbz2. so. 1. 0), containstheversion
number before the . SO suffix (likel 1 bbf d- 2. 46. 0), or does not contain any version number at al (for example| i bmemusage. so). Generaly thereis no correlation between the
package version and the version number(s) in the library name.
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* If apackage containing a shared library is updated, and the name of the library doesn't change, but the version
number of the library file decreases (for example, the library is still named 1 i bf oo. so. 1, but the name of the library
fileis changed from1i bf oo. so. 1. 25 tO I i bf 0o. so. 1. 24), you should remove the library file from the previously
installed version (i bf oo. so. 1. 25 in this case). Otherwise, aldconfig command (invoked by yourself from the
command line, or by the installation of some package) will reset the symlink I i bf oo. so. 1 to point to the old library
file because it seemsto be a“newer” version; its version number is larger. This situation may arise if you have to
downgrade a package, or if the authors change the versioning scheme for library files.

* If apackage containing a shared library is updated, and the name of the library doesn't change, but a severe issue
(especiadly, asecurity vulnerability) isfixed, al running programs linked to the shared library should be restarted.
The following command, run asr oot after the update is complete, will list which processes are using the old
versions of those libraries (replace| i bf oo with the name of the library):

grep -1 'libfoo.*deleted /proc/*/maps | tr -cd 0-9\\n | xargs -r ps u

If OpenSSH is being used to access the system and it islinked to the updated library, you must restart the sshd
service, then logout, login again, and run the preceding command again to confirm that nothing is still using the
deleted libraries.

If the systemd daemon (running as PID 1) is linked to the updated library, you can restart it without rebooting by
running systemctl daemon-reexec astheroot user.

* If an executable program or a shared library is overwritten, the processes using the code or datain that program
or library may crash. The correct way to update a program or a shared library without causing the process to
crashisto removeit first, then install the new version. The install command provided by coreutils has already
implemented this, and most packages use that command to install binary files and libraries. This means that
you won't be troubled by this issue most of the time. However, the install process of some packages (notably
SpiderMonkey in BLFS) just overwritesthefileif it exists; this causes a crash. So it's safer to save your work and
close unneeded running processes before updating a package.

8.2.2. Package Management Techniques

The following are some common package management techniques. Before making a decision on a package manager,
do some research on the various techniques, particularly the drawbacks of each particular scheme.

8.2.2.1. Itis All in My Head!

Yes, this is a package management technique. Some folks do not need a package manager because they know the
packages intimately and know which files are installed by each package. Some users also do not need any package
management because they plan on rebuilding the entire system whenever a package is changed.

8.2.2.2. Install in Separate Directories

Thisisasimplistic package management technique that does not need a specia program to manage the packages. Each
package is installed in a separate directory. For example, package foo-1.1 isinstalled in/opt/foo-1. 1 and a symlink
ismade from / opt / f oo t0 / opt / f 00- 1. 1. When a new version foo-1.2 comes along, it isinstalled in/ opt / f oo- 1. 2 and
the previous symlink is replaced by a symlink to the new version.

Environment variables such as PATH, MANPATH, | NFOPATH, PKG_CONFI G_PATH, CPPFLAGS, LDFLAGS, and the configuration file
/etc/ld.so.conf may need to be expanded to include the corresponding subdirectoriesin/ opt / f oo- x. y.

This scheme is used by the BLFS book to install some very large packages to make it easier to upgrade them. If you
install more than a few packages, this scheme becomes unmanageable. And some packages (for example Linux API
headers and Glibc) may not work well with this scheme. Never use this scheme system-wide.
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8.2.2.3. Symlink Style Package Management

Thisisavariation of the previous package management technique. Each packageisinstalled asin the previous scheme.
But instead of making the symlink via a generic package name, each file is symlinked into the / usr hierarchy. This
removes the need to expand the environment variables. Though the symlinks can be created by the user, many package
managers use this approach, and automate the creation of the symlinks. A few of the popular ones include Stow, Epkg,
Graft, and Depot.

The installation script needs to be fooled, so the package thinksitisinstalled in/usr though in reality it isinstalled in
the s usr/ pkg hierarchy. Installing in this manner is not usually atrivial task. For example, suppose you areinstalling a
package libfoo-1.1. The following instructions may not install the package properly:

./configure --prefix=/usr/pkg/libfoo/1l.1
make
make instal l

The installation will work, but the dependent packages may not link to libfoo as you would expect. If you compile a
package that links against libfoo, you may noticethat it islinked to/ usr/ pkg/ 1i bf oo/ 1. 1/1i b/ I i bf 0o. so. 1 instead of /

usr/1ib/1ibfoo.so.1asyouwould expect. The correct approach isto use the bestol R variable to direct the installation.
This approach works as follows:

./configure --prefix=/usr
make
make DESTDI R=/usr/pkg/libfoo/1.1 install

Most packages support this approach, but there are some which do not. For the non-compliant packages, you may either
need to install the package manually, or you may find that it is easier to install some problematic packagesinto/ opt .

8.2.2.4. Timestamp Based

In this technique, afile is timestamped before the installation of the package. After the installation, a ssmple use of
the find command with the appropriate options can generate alog of all the filesinstalled after the timestamp file was
created. A package manager that uses this approach isinstal-log.

Though this scheme has the advantage of being simple, it has two drawbacks. If, during instalation, the files are
installed with any timestamp other than the current time, those files will not be tracked by the package manager. Also,
this scheme can only be used when packages are installed one at atime. The logs are not reliable if two packages are
installed simultaneously from two different consoles.

8.2.2.5. Tracing Installation Scripts

In this approach, the commands that the installation scripts perform are recorded. There are two techniques that one
can use:

The Lb_PRELOAD environment variable can be set to point to a library to be preloaded before installation. During
installation, this library tracks the packages that are being installed by attaching itself to various executables such as
cp, install, mv and tracking the system calls that modify the filesystem. For this approach to work, all the executables
need to be dynamically linked without the suid or sgid bit. Preloading the library may cause some unwanted side-effects
during installation. Therefore, it'sagood ideato perform some tests to ensure that the package manager does not break
anything, and that it logs all the appropriate files.

Another techniqueisto use strace, which logs all the system calls made during the execution of the installation scripts.
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8.2.2.6. Creating Package Archives

In this scheme, the packageinstallation isfaked into a separate tree as previously described in the symlink style package
management section. After the installation, a package archive is created using the installed files. This archive is then
used to install the package on the local machine or even on other machines.

This approach is used by most of the package managers found in the commercial distributions. Examples of package
managersthat follow thisapproach are RPM (which, incidentally, isrequired by the Linux Standar d Base Specification),
pkg-utils, Debian's apt, and Gentoo's Portage system. A hint describing how to adopt this style of package management
for LFS systemsislocated at https://www.linuxfromscratch.or g/hints/downl oads/fil es/faker oot.txt.

The creation of package files that include dependency information is complex, and beyond the scope of LFS.

Slackware uses atar -based system for package archives. This system purposely does not handle package dependencies
as more complex package managers do. For details of Slackware package management, see https:.//www.slackbook.
org/html/package-management.html.

8.2.2.7. User Based Management

This scheme, unique to LFS, was devised by Matthias Benkmann, and is available from the Hints Project. In this
scheme, each package isinstalled as a separate user into the standard locations. Files belonging to a package are easily
identified by checking the user ID. The features and shortcomings of this approach are too complex to describe in this
section. For the details please see the hint at https://www.linuxfromscratch.org/hints/downloads/files/more_control _
and_pkg_man.txt.

8.2.3. Deploying LFS on Multiple Systems

One of the advantages of an LFS system is that there are no files that depend on the position of files on a disk system.
Cloning an LFS build to another computer with the same architecture as the base system is as simple as using tar on
the LFS partition that contains the root directory (about 900MB uncompressed for a basic LFS build), copying that
file vianetwork transfer or CD-ROM / USB stick to the new system, and expanding it. After that, afew configuration
fileswill have to be changed. Configuration files that may need to be updated include: / et c/ host's, / et c/ f st ab, / et ¢/
passwd, / et ¢/ group, /etc/shadow, and/etc/ld. so. conf.

A custom kernel may be needed for the new system, depending on differences in system hardware and the original
kernel configuration.

1 I mportant

If you want to deploy the LFS system onto a system with a different CPU, when you build Section 8.22,
“GMP-6.3.0" and Section 8.51, “Libffi-3.5.2" you must follow the notes about overriding the architecture-
specific optimization to produce libraries suitable for both the host system and the system(s) where you'll
deploy the LFS system. Otherwise you'll get 111 egal 1 nstruction errorsrunning LFS.

The GMP build system stores the architecture-specific optimization option used to build GMP into gnp. h,
and the build system of some package using GMP can read it from the header and use it when building the
packageitself. At least the MPFR build system isknown to do so. Thus simply rebuilding GMP on acomplete
LFS system isnot enough: you'll need to recompile MPFR and maybe other packages using GMP if you want
to “convert” acomplete LFS system to be used for a different CPU.

Finally, the new system has to be made bootable via Section 10.4, “Using GRUB to Set Up the Boot Process’.
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8.3. Man-pages-6.17

The Man-pages package contains over 2,400 man pages.

Approximate build time: 0.1 SBU
Required disk space: 54 MB

8.3.1. Installation of Man-pages

Remove two man pages for password hashing functions. Libxcrypt will provide a better version of these man pages.

‘rm-v man3/ crypt * ‘

Install Man-pages by running:

‘make-R G T=fal se prefix=/usr install ‘

The meaning of the options:

-R
This prevents make from setting any built-in variables. The building system of man-pages does not work well with
built-in variables, but currently thereis no way to disable them except passing - r explicitly viathe command line.

G T=f al se
This prevents the building system from emitting many git: command not found warnings lines.

8.3.2. Contents of Man-pages
Installed files: various man pages

Short Descriptions

man pages Describe C programming language functions, important devicefiles, and significant configuration files
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8.4. lana-Etc-20260202

The lana-Etc package provides data for network services and protocols.

Approximate build time:  lessthan 0.1 SBU
Required disk space: 48 MB

8.4.1. Installation of lana-Etc
For this package, we only need to copy the filesinto place:
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‘cp -v services protocols /etc

8.4.2. Contents of lana-Etc
Installed files: /etc/protocols and /etc/services

Short Descriptions

/ etcl protocol s Describes the various DARPA Internet protocol s that are available from the TCP/IP subsystem

/ etcl services Provides a mapping between friendly textual names for internet services, and their underlying

assigned port numbers and protocol types
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8.5. Glibc-2.43

The Glibc package containsthemain C library. Thislibrary providesthe basic routinesfor allocating memory, searching
directories, opening and closing files, reading and writing files, string handling, pattern matching, arithmetic, and so on.

Approximate build time: 12 SBU
Required disk space: 35GB

8.5.1. Installation of Glibc

Some of the Glibc programs use the non-FHS compliant /var/ db directory to store their runtime data. Apply the
following patch to make such programs store their runtime data in the FHS-compliant locations:

‘patch-l\pl-i ../glibc-fhs-1.patch ‘

The Glibc documentation recommends building Glibc in a dedicated build directory:

nkdir -v build
cd buil d

Ensure that the Idconfig and sIn utilities will be installed into / usr/ sbi n:

‘echo "root sbi ndi r=/usr/sbin" > configparns

Prepare Glibc for compilation:

../configure --prefix=/usr \
--di sabl e-werror \
--di sabl e-nscd \
libc_cv_slibdir=/usr/lib \
--enabl e- st ack- prot ect or=strong \
--enabl e-kernel =5. 4

The meaning of the configure options:

--di sabl e-werror

This option disables the -Werror option passed to GCC. Thisis necessary for running the test suite.

--enabl e- kernel =5. 4
This option tells the build system that this Glibc may be used with kernels as old as 5.4. This means generating
workarounds in case a system call introduced in alater version cannot be used.

- - enabl e- st ack- prot ect or =strong

This option increases system security by adding extra code to check for buffer overflows, such as stack smashing
attacks. Note that Glibc always explicitly overrides the default of GCC, so this option is still needed even though
we've aready specified - - enabl e- def aul t - ssp for GCC.

--di sabl e-nscd

Do not build the name service cache daemon which is no longer used.

libc_cv_slibdir=/usr/lib
This variable sets the correct library for al systems. We do not want lib64 to be used.

Compile the package:

‘nake
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1 I mportant

In this section, the test suite for Glibc is considered critical. Do not skip it under any circumstance.

Generaly afew tests do not pass. Thetest failures listed below are usually safe to ignore.

‘ make check ‘

Y ou may see some test failures. The Glibc test suite is somewhat dependent on the host system. A few failures out of
over 6000 tests can generally be ignored. Thisisalist of the most common issues seen for recent versions of LFS:

* joftst-lchmod is known to fail in the LFS chroot environment.

» Sometests, for example nss/tst-nss-files-hosts-multi and nptl/tst-thread-affinity* are known to fail due to a timeout
(especialy when the system is relatively slow and/or running the test suite with multiple parallel make jobs).
These tests can be identified with:

‘grep "Timed out" $(find -nanme \*.out) ‘

It's possible to re-run a single test with enlarged timeout with TIMEOUTFACT OR=<f act or > make test t=<t est
name>. For example, TIMEOUTFACTOR=10 make test t=nss/tst-nss-files-hosts-multi will re-run nss/tst-nss-
files-hosts-multi with ten times the original timeout.

» Additionally, some tests may fail with arelatively old CPU model (for example el f/tst-cpu-features-cpuinfo) or
host kernel version (for example stdlib/tst-arc4random-thread).

Though it isaharmless message, theinstall stage of Glibc will complain about the absenceof /et c/ 1 d. so. conf . Prevent
this warning with:

‘ touch /etc/ld.so. conf ‘

Fix the Makefile to skip an outdated sanity check that fails with a modern Glibc configuration:

‘sed "/test-installation/s@(PERL) @cho not running@ -i ../Mkefile ‘
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' I mportant

If upgrading Glibc to a new minor version (for example, from Glibc-2.36 to Glibc-2.43) on arunning LFS
system, you need to take some extra precautions to avoid breaking the system:

» Upgrading Glibc on a LFS system prior to 11.0 (exclusive) is not supported. Rebuild LFSif you are
running such an old LFS system but you need a newer Glibc.

 If upgrading on a LFS system prior to 12.0 (exclusive), install Libxcrypt following Section 8.28,
“Libxcrypt-4.5.2.” In addition to a normal Libxcrypt installation, you MUST follow the note in
Libxcrypt section toinstall i berypt . so. 1* (replacing i berypt . so. 1 from theprior Glibc
installation).

* If upgrading on a LFS system prior to 12.1 (exclusive), remove the nscd program:
rm-f /usr/sbin/nscd
If this system (prior to LFS 12.1, exclusive) is based on Systemd, it's also needed to disable and stop the
nscd service now:

systentt!| disable --now nscd

» Upgrade the kernel and reboot if it's older than 5.4 (check the current version with uname -r) or if you
want to upgrade it anyway, following Section 10.3, “Linux-6.18.10.”

» Upgrade the kernel API headersif it's older than 5.4 (check the current version with cat /usr/include/
linux/version.h) or if you want to upgrade it anyway, following Section 5.4, “Linux-6.18.10 API
Headers’ (but removing sLFs from the cp command).

» Perform apestol Rinstallation and upgrade the Glibc shared libraries on the system using one single
install command:

make DESTDI R=$PWD dest i nstal l
install -vnv55 dest/usr/lib/*.so.* [usr/lib

It'simperativeto strictly follow these steps above unless you completely understand what you are doing. Any
unexpected deviation may render the system completely unusable. YOU ARE WARNED.

Then continue to run the makeinstall command, the sed command against / usr / bi n/ | dd, and the commands
to install the locales. Once they are finished, reboot the system immediately.

When the system has successfully rebooted, if you are running aLFS system prior to 12.0 (exclusive) where
GCC was not built with the- - di sabl e- fi xi ncl udes option, move two GCC headersinto a better |ocation and
remove the stale “fixed” copies of the Glibc headers:

DI R=$(di rname $(gcc -print-libgcc-file-nane))

[ -e $DRinclude/limts.h ] || mv $DIR/include{-fixed,}/limts.h

[ -e $DRinclude/syslimts.h ] || nv $DI R/include{-fixed,}/syslimts.h
rm-rfv $D R include-fixed/*

unset DI R

Install the package:
make instal l

Fix a hardcoded path to the executable loader in the Idd script:

sed '/ RTLDLI ST=/s@usr@®' -i /usr/bin/ldd
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Next, install the locales that can make the system respond in a different language. None of these locales are required,
but if some of them are missing, the test suites of some packages will skip important test cases.

Individual locales can be installed using the localedef program. E.g., the second localedef command below combines
the/usr/shareli 18n/1 ocal es/ cs_cz charset-independent locale definition with the/ usr/ shar e/ i 18n/ char maps/ UTF- 8.
gz charmap definition and appends the result to the / usr/1i b/ 1 ocal e/ | ocal e- ar chi ve file. The following instructions
will install the minimum set of locales necessary for the optimal coverage of tests:

| ocal edef -i C -f UTF-8 C UTF-8

| ocal edef -i cs _CZ -f UTF-8 cs_CZ. UTF-8

| ocal edef -i de DE -f |SO 8859-1 de DE

| ocal edef -i de DE@uro -f |SO 8859-15 de DE@uro
| ocal edef -i de DE -f UTF-8 de DE. UTF-8

| ocal edef -i el GR -f 1SO8859-7 el GR

| ocal edef -i en GB -f |1SO8859-1 en_GB

| ocal edef -i en_GB -f UTF-8 en_GB. UTF-8

| ocal edef -i en HK -f |SO 8859-1 en_ HK

| ocal edef -i en_PH -f |SO 8859-1 en_PH

| ocal edef -i en_US -f |SO 8859-1 en_US

| ocal edef -i en_US -f UTF-8 en_US. UTF- 8

| ocal edef -i es ES -f |SO 8859-15 es ES@ur o

| ocal edef -i es MX -f | SO 8859-1 es MX

|l ocal edef -i fa IR -f UTF-8 fa IR

| ocal edef -i fr_FR -f 1SO-8859-1 fr_FR

| ocal edef -i fr_FR@uro -f |SO 8859-15 fr_ FR@uro
| ocal edef -i fr_FR -f UTF-8 fr_FR UTF-8

| ocal edef -i is IS -f 1SO-8859-1is IS

|l ocal edef -i is IS -f UTF-8 is |S. UTF-8

|l ocal edef -i it IT -f 1SO-8859-1 it IT

|l ocal edef -i it IT -f I1SO8859-15 it _|T@uro
|l ocal edef -i it IT -f UTF-8 it |IT. UTF-8

| ocal edef -i ja JP -f EUC-JP ja_JP

| ocal edef -i ja JP -f UTF-8 ja_JP.UTF-8

| ocal edef -i nl _NL@uro -f |SO 8859-15 nl NL@uro
| ocal edef -i ru RU-f KO 8-R ru_RU KO 8-R

| ocal edef -i ru RU -f UTF-8 ru_RU. UTF-8

| ocal edef -i se NO -f UTF-8 se NO UTF-8

|l ocal edef -i ta IN-f UTF-8 ta |IN UTF-8

| ocal edef -i tr TR -f UTF-8 tr TR UTF-8

| ocal edef -i zh CN -f GB18030 zh_ CN. GB18030

| ocal edef -i zh_HK -f BI Gb- HKSCS zh_HK. Bl G5- HKSCS
| ocal edef -i zh TW-f UTF-8 zh TW UTF-8

In addition, install the locale for your own country, language and character set.

Alternatively, install al the locales listed in the gl i be- 2. 43/ 1 ocal edat a/ SUPPORTED file (it includes every locale listed
above and many more) at once with the following time-consuming command:

make | ocal edata/install-Iocal es

% Note

Glibc now uses libidn2 when resolving internationalized domain names. This is a run time dependency. If
this capability is needed, the instructions for installing libidn2 are in the BLFSibidn2 page.
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8.5.2. Configuring Glibc

8.5.2.1. Adding nsswitch.conf

The /etc/nsswitch. conf file needs to be created because the Glibc defaults do not work well in a networked
environment.

Create anew file/ et c/ nsswi t ch. conf by running the following:

cat > /etc/nssw tch.conf << "EOF"
# Begin /etc/nssw tch. conf

passwd: files systend

group: files systend
shadow. files systend

hosts: nymachi nes resol ve [! UNAVAI L=return] files nyhostnane dns
networks: files

protocols: files
services: files
ethers: files
rpc: files

# End /etc/nsswi tch. conf
ECF

8.5.2.2. Adding Time Zone Data
Install and set up the time zone data with the following:
tar -xf ../../tzdata2025c.tar.gz

ZONEl NFO=/ usr/ shar e/ zonei nf o
nkdir -pv $ZONElI NFQ { posi x, ri ght}

for tz in etcetera southanerica northanerica europe africa antarctica \
asi a austral asi a backward; do

zic -L /dev/null -d $ZONElI NFO ${tz}

zic -L /dev/null -d $ZONEI NFQO' posi x ${t z}

zic -L | eapseconds -d $ZONEI NFQ'right ${tz}
done

cp -v zone.tab zonel970.tab i s03166.tab $ZONElI NFO
zic -d $ZONEI NFO -p Ameri ca/ New_Yor k
unset ZONEI NFO tz

The meaning of the zic commands:

zic -L /dev/null

This creates posix time zones without any leap seconds. It is conventional to put these in both zonei nfo and
zonei nf o/ posi x. It IS necessary to put the POSIX time zones in zonei nf o, Otherwise various test suites will report
errors. On an embedded system, where spaceistight and you do not intend to ever update the time zones, you could
save 1.9 MB by not using the posi x directory, but some applications or test suites might produce some failures.

zic -L | eapseconds ...

This creates right time zones, including leap seconds. On an embedded system, where space is tight and you do
not intend to ever update the time zones, or care about the correct time, you could save 1.9MB by omitting the
ri ght directory.
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zic ... -p ...

This creates the posi xr ul es file. We use New Y ork because POSIX requires the daylight saving time rules to be
in accordance with USrules.

One way to determine the local time zone isto run the following script:

t zsel ect

After answering a few questions about the location, the script will output the name of the time zone (e.g., America/
Edmonton). There are also some other possible time zones listed in / usr/ shar e/ zonei nf o Such as Canada/Eastern or
EST5EDT that are not identified by the script but can be used.

Then createthe/etc/ 1 ocal ti ne file by running:

In -sfv /usr/share/zonei nfo/ <xxx> /[etc/localtine

Replace <xxx> with the name of the time zone selected (e.g., Canada/Eastern).

8.5.2.3. Configuring the Dynamic Loader

By default, the dynamic loader (/1i b/ 1 d-1i nux. so. 2) searches through / usr/1i b for dynamic libraries that are needed
by programs as they are run. However, if there are libraries in directories other than / usr/1i b, these need to be added
tothe/etc/1d. so. conf filein order for the dynamic loader to find them. Two directories that are commonly known to
contain additional libraries are /usr/1ocal /1ib and/opt/1ib, SO add those directories to the dynamic loader's search
path.

Create anew file/etc/1d. so. conf by running the following:

cat > /etc/ld.so.conf << "ECOF"
# Begin /etc/ld. so. conf
fusr/local/lib

lopt/lib

EOF
If desired, the dynamic loader can also search a directory and include the contents of files found there. Generally the

filesin thisinclude directory are one line specifying the desired library path. To add this capability run the following
commands:

cat >> /etc/ld.so.conf << "EOF"

# Add an include directory

include /etc/ld.so.conf.d/*. conf

ECF
nkdir -pv /etc/ld.so.conf.d
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8.5.3. Contents of Glibc

Installed programs. gencat, getconf, getent, iconv, iconvconfig, Idconfig, Idd, lddlibc4, 1d.so (symlink to Id-

Installed libraries:

Installed directories:

Short Descriptions

linux-x86-64.50.2 or Id-linux.so.2), locale, localedef, makedb, mtrace, pcprofiledump,
pldd, sin, sotruss, sprof, tzselect, xtrace, zdump, and zic

Id-linux-x86-64.s0.2, Id-linux.so.2, libBrokenLocale{a,so}, libanl.{aso}, libc{aso},
libc_nonshared.a, libc_malloc_debug.so, libdl {a,s0.2}, libg.a, libm.{ a,s0}, libmcheck.a,
libmemusage.so, libmvec{aso}, libnd.s0.1, libnss compat.so, libnss dns.so,
libnss files.so, libnss_hesiod.so, libpcprofile.so, libpthread.{ a,s0.0}, libresolv.{a,so},
librt.{a,50.1}, libthread_db.so, and libutil {a,s0.1}

/usr/include/arpa, /usr/include/bits, /usr/include/gnu, /usr/include/net, /usr/include/
netash, /usr/include/netatalk, /usr/include/netax25, /usr/include/neteconet, /usr/include/
netinet, /usr/include/netipx, /usr/include/netiucv, /usr/include/netpacket, /usr/include/
netrom, /usr/include/netrose, /usr/include/nfs, /usr/include/protocols, /usr/include/rpc, /
usr/include/sys, /usr/lib/audit, /usr/lib/gconv, /usr/lib/locale, /usr/libexec/getconf, /usr/
share/i18n, /usr/share/zoneinfo, and /var/lib/nss_db

gencat Generates message catal ogues

getconf Displays the system configuration values for file system specific variables

getent Gets entries from an administrative database

iconv Performs character set conversion

iconvconfig Creates fastloading iconv module configuration files

Idconfig Configures the dynamic linker runtime bindings

Idd Reports which shared libraries are required by each given program or shared library
Iddlibc4 Assists |dd with object files. It does not exist on newer architectures like x86_64
locale Prints various information about the current locale

localedef Compiles locale specifications

makedb Creates a simple database from textual input

mtrace Reads and interpretsamemory tracefile and displays asummary in human-readable format

pcprofiledump

Dump information generated by PC profiling

pldd Lists dynamic shared objects used by running processes

gn A statically linked In program

sotruss Traces shared library procedure calls of a specified command

sprof Reads and displays shared object profiling data

tzselect Asks the user about the location of the system and reports the corresponding time zone
description

xtrace Traces the execution of a program by printing the currently executed function

zdump The time zone dumper

zic The time zone compiler

I d-*.so The helper program for shared library executables
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i bBrokenLocal e

l'i banl

l'i bc
l'i bc_mal | oc_debug

I'i bdl

l'i bg

I'i bm

I'i bmvec

I'i bntheck
I'i bmenmusage
I'i bnsl

libnss_*

i bpcprofile

I'i bpt hr ead

li bresolv

l'ibrt

i bt hread_db
libutil
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Used internally by Glibc as a gross hack to get broken programs (e.g., some Motif
applications) running. See comments in gl i bc- 2. 43/ 1 ocal e/ br oken_cur _max. ¢ for more
information

Dummy library containing no functions. Previously was the asynchronous name lookup
library, whose functions are now in i bc

Themain C library
Turns on memory allocation checking when prel oaded

Dummy library containing no functions. Previously was the dynamic linking interface
library, whose functions are now in i bc

Dummy library containing no functions. Previously was a runtime library for g++
The mathematical library

The vector math library, linked in as needed when 1 i bmis used

Turns on memory allocation checking when linked to

Used by memusage to help collect information about the memory usage of a program
The network services library, now deprecated

The Name Service Switch modules, containing functions for resolving host names, user
names, group names, aliases, services, protocols, etc. Loaded by 1ibc according to the
configuration in/ et c/ nsswi t ch. conf

Can be preloaded to PC profile an executable

Dummy library containing no functions. Previously contained functions providing most of
the interfaces specified by the POSIX.1c Threads Extensions and the semaphore interfaces
specified by the POSIX.1b Real-time Extensions, now the functionsarein I i bc

Contains functions for creating, sending, and interpreting packets to the Internet domain
name servers

Contains functions providing most of the interfaces specified by the POSIX.1b Real-time
Extensions

Contains functions useful for building debuggers for multi-threaded programs

Dummy library containing no functions. Previously contained code for “standard”
functions used in many different Unix utilities. These functionsarenow in1i bc
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8.6. Zlib-1.3.2

The Zlib package contains compression and decompression routines used by some programs.

Approximate build time:  lessthan 0.1 SBU
Required disk space: 6.4 MB

8.6.1. Installation of Zlib
Prepare Zlib for compilation:

‘./configure - - prefix=/usr ‘

Compile the package:

‘nake ‘

To test the results, issue:

‘nake check ‘

Install the package:

‘nake i nstall ‘

Remove a useless static library:

‘rm-fv/usr/lib/libz.a \

8.6.2. Contents of Zlib

Installed libraries: libz.so

Short Descriptions

libz  Contains compression and decompression functions used by some programs
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8.7. Bzip2-1.0.8

The Bzip2 package contains programs for compressing and decompressing files. Compressing text files with bzip2
yields a much better compression percentage than with the traditional gzip.

Approximate build time:  lessthan 0.1 SBU
Required disk space: 7.3MB

8.7.1. Installation of Bzip2
Apply apatch that will install the documentation for this package:

‘ patch -Npl -i ../bzip2-1.0.8-install_docs-1.patch ‘

The following command ensures installation of symbolic links are relative:

‘sed -i 's@(In -s -f \)$(PREFIX)/bin/@1l@ Makefile

Ensure the man pages are installed into the correct |ocation:

‘ sed -i "s@ PREFI X)/ man@ PREFI X) / shar e/ man@" Makefil e ‘

Prepare Bzip2 for compilation with:

make -f Makefile-Ilibbz2 so
make cl ean

The meaning of the make parameter:

-f Makefile-libbz2_so
Thiswill cause Bzip2 to be built using a different makefi | e file, in this case the makefi | e-1i bbz2_so file, which
creates adynamic i bbz2. so library and links the Bzip2 utilities against it.

Compile and test the package:

‘ make

Install the programs:

‘ make PREFI X=/usr install

Install the shared library:

cp -av libbz2.so.* /usr/lib
In -sfv |ibbz2.s0.1.0.8 /usr/lib/libbz2.so

The name of the shared library isn't standardized and it variesamong distros. Theinstruction above hasinstalled | i bbz2.
so. 1. 0, but some applications, for example Kbd, expectsadifferent namel i bbz2. so. 1 that some other distrosare using.
Create a compatibility symlink for them:

‘In -sfv libbz2.s0.1.0.8 /usr/lib/libbz2.so0.1

% Note
s

The symlink approach is only valid here because the library name difference is aresult of different aesthetic
viewsof thedistro maintainers, not real ABI incompatibilities. In general alibrary namedifferencemost likely
indicates an ABI incompatibility and it would be very likely invalid to “hide” the difference via a symlink.
Read Section 8.2.1, “Upgrade Issues’ for details about library names.
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Install the shared bzip2 binary into the/ usr/ bi n directory, and replace two copies of bzip2 with symlinks:

cp -V bzi p2-shared /usr/bin/bzip2

for i in /usr/bin/{bzcat, bunzip2}; do
In -sfv bzip2 $

done

Remove a useless static library:

\rm-fv Jusr/1ib/libbz2. a

8.7.2. Contents of Bzip2

bunzip2 (link to bzip2), bzcat (link to bzip2), bzcmp (link to bzdiff), bzdiff, bzegrep (link
to bzgrep), bzfgrep (link to bzgrep), bzgrep, bzip2, bzip2recover, bzless (link to bzmore),
and bzmore

libbz2.s0

/usr/share/doc/bzip2-1.0.8

Installed programs:

Installed libraries:
Installed directory:

Short Descriptions

bunzip2 Decompresses bzipped files

bzcat Decompresses to standard output

bzcmp Runs cmp on bzipped files

bzdiff Runs diff on bzipped files

bzegrep Runs egrep on bzipped files

bzfgrep Runs fgrep on bzipped files

bzgrep Runs grep on bzipped files

bzip2 Compresses files using the Burrows-Wheeler block sorting text compression agorithm with
Huffman coding; the compression rate is better than that achieved by more conventional
compressors using “Lempel-Ziv” agorithms, like gzip

bzip2recover Triesto recover data from damaged bzipped files

bzless Runs less on bzipped files

bzmore Runs mor e on bzipped files

l'i bbz2 The library implementing lossless, block-sorting data compression, using the Burrows-Wheeler

algorithm
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8.8. Xz-5.8.2

The Xz package contains programs for compressing and decompressing files. It provides capabilities for the lzmaand
the newer xz compression formats. Compressing text files with xz yields a better compression percentage than with
the traditional gzip or bzip2 commands.

Approximate build time: 0.1 SBU
Required disk space: 24 MB

8.8.1. Installation of Xz

Prepare Xz for compilation with:

./configure --prefix=/usr \
--di sabl e-static \
--docdi r=/usr/share/ doc/ xz-5. 8. 2

Compile the package:

‘ make ‘

To test the results, issue:

‘ make check ‘

Install the package:

‘ make i nstall

8.8.2. Contents of Xz

Installed programs: Izcat (link to xz), lzcmp (link to xzdiff), 1zdiff (link to xzdiff), [zegrep (link to xzgrep),
Izfgrep (link to xzgrep), lzgrep (link to xzgrep), lzless (link to xzless), Izma (link to xz),
Izmadec, |zmainfo, Izmore (link to xzmore), unlzma (link to xz), unxz (link to xz), xz,
xzcat (link to xz), xzecmp (link to xzdiff), xzdec, xzdiff, xzegrep (link to xzgrep), xzfgrep
(link to xzgrep), xzgrep, xzless, and xzmore

Installed libraries: liblzma.so

Installed directories: /usr/include/lzma and /usr/share/doc/xz-5.8.2

Short Descriptions

|zcat Decompresses to standard output

lzcmp Runs cmp on LZMA compressed files

|zdiff Runs diff on LZMA compressed files

lzegrep Runs egrep on LZMA compressed files

|zfgrep Runsfgrep on LZMA compressed files

lzgrep Runs grep on LZMA compressed files

|zless Runsless on LZMA compressed files

lzma Compresses or decompresses files using the LZMA format

Izmadec A small and fast decoder for LZMA compressed files
Izmainfo Shows information stored in the LZMA compressed file header
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Izmore
unlzma
unxz
XZ
Xzcat
xzcmp
xzdec
xzdiff
Xzegrep
xzfgrep
Xzgrep
xzless
Xzmore

I'i bl zma

Runs more on LZMA compressed files
Decompresses files using the LZMA format
Decompresses files using the XZ format
Compresses or decompresses files using the XZ format
Decompresses to standard output

Runs cmp on XZ compressed files

A small and fast decoder for XZ compressed files
Runs diff on XZ compressed files

Runs egrep on XZ compressed files

Runs fgrep on XZ compressed files

Runs grep on XZ compressed files

Runs less on XZ compressed files

Runs more on XZ compressed files

Linux From Scratch - Version 13.0-systemd

Thelibrary implementing lossless, block-sorting data compression, using the Lempel-Ziv-Markov chain

algorithm

113



Linux From Scratch - Version 13.0-systemd

8.9.Lz4-1.10.0

Lz4 is alossless compression agorithm, providing compression speed greater than 500 MB/s per core. It features an
extremely fast decoder, with speed in multiple GB/s per core. Lz4 can work with Zstandard to allow both algorithms
to compress data faster.

Approximate build time: 0.1 SBU
Required disk space: 42 MB

8.9.1. Installation of Lz4
Compile the package:

‘nake BU LD_STATI C=no PREFI X=/ usr ‘

To test the results, issue:

‘nake -j 1 check ‘

Install the package:

\ make BUI LD _STATI C=no PREFI X=/ usr instal \

8.9.2. Contents of Lz4

Installed programs: 1z4, 1z4c (link to 1z4), 1z4cat (link to [z4), and unlz4 (link to 1z4)
Installed library: liblz4.s0

Short Descriptions

1z4 Compresses or decompresses files using the LZ4 format

Iz4c Compresses files using the LZ4 format

|zAcat Lists the contents of afile compressed using the LZ4 format

unlz4 Decompresses files using the LZ4 format

liblz4 The library implementing |ossless data compression, using the LZ4 algorithm
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8.10. Zstd-1.5.7

Zstandard is a real-time compression agorithm, providing high compression ratios. It offers a very wide range of
compression / speed trade-offs, while being backed by a very fast decoder.

Approximate build time: 0.4 SBU
Required disk space: 86 MB

8.10.1. Installation of Zstd
Compile the package:

‘ make prefix=/usr ‘

% Note

In the test output there are several placesthat indicate 'failed'. These are expected and only 'FAIL' is an actual
test failure. There should be no test failures.

To test the results, issue:

‘ make check ‘

Install the package:

‘ make prefix=/usr install ‘

Remove the static library:

rm-v Jusr/lib/libzstd. a |

8.10.2. Contents of Zstd

Installed programs: zstd, zstdcat (link to zstd), zstdgrep, zstdless, zstdmt (link to zstd), and unzstd (link to
zstd)
Installed library: libzstd.so

Short Descriptions

zstd Compresses or decompresses files using the ZSTD format

zstdgrep Runs grep on ZSTD compressed files

zstdless Runslesson ZSTD compressed files

l'i bzstd The library implementing lossless data compression, using the ZSTD algorithm
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8.11. File-5.46

The File package contains a utility for determining the type of agiven file or files.

Approximate build time:  lessthan 0.1 SBU
Required disk space: 19 MB

8.11.1. Installation of File

Prepare File for compilation:

‘./configure - - prefix=/usr ‘

Compile the package:

‘nake ‘

To test the results, issue:

‘nake check ‘

Install the package:

‘nake i nstall ‘

8.11.2. Contents of File

Installed programs: file
Installed library: libmagic.so

Short Descriptions

file Triesto classify each given file; it doesthisby performing several tests—file system tests, magic number
tests, and language tests

l'i bmagi ¢ Contains routines for magic number recognition, used by the file program
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8.12. Readline-8.3

The Readline package is a set of libraries that offer command-line editing and history capabilities.

Approximate build time:  lessthan 0.1 SBU
Required disk space: 17 MB

8.12.1. Installation of Readline

Reinstalling Readline will cause the old libraries to be moved to <libraryname>.old. While this is normally not a
problem, in some casesit can trigger alinking bug in Idconfig. This can be avoided by issuing the following two seds:

sed -i '/MW.*old/d Makefile.in
sed -i '/{OLDSUFF}/c:"' support/shlib-instal

Prevent hard coding library search paths (rpath) into the shared libraries. This package does not need rpath for an
installation into the standard location, and rpath may sometimes cause unwanted effects or even security issues:

‘sed -i "s/-W,-rpath, [~ ]*//" support/shobj-conf ‘

Fix aproblem identified upstream specifically for this version of readline:

sed -e '270a\
el se\
chars_avail = 1;' \
-e '288i\ result = -1;" \
-i.orig input.c

Prepare Readline for compilation:

./configure --prefix=/usr \
--di sabl e-static \
--w th-curses \

--docdi r=/usr/share/ doc/ readl i ne-8. 3

The meaning of the new configure option:

--w th-curses
Thisoption tells Readline that it can find the termcap library functionsin the curseslibrary, not a separate termcap
library. Thiswill generate the correct r ead! i ne. pc file.

Compile the package:

make SHLIB LI BS="-1 ncursesw'

The meaning of the make option:

SHLI B LI BS="-1I| ncur sesw'
This option forces Readlineto link against the 1 i bncur sesw library. For details see the “ Shared Libraries’ section
in the package's ReaDME file.

This package does not come with atest suite.

Install the package:

‘nake i nstall ‘

If desired, install the documentation:

‘install -v -nm644 doc/ *.{ps, pdf, htm ,dvi} /usr/share/doc/readline-8.3
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8.12.2. Contents of Readline

Installed libraries: libhistory.so and libreadline.so
Installed directories; {usr/include/readline and /usr/share/doc/readline-8.3

Short Descriptions

l'i bhi story Provides a consistent user interface for recalling lines of history
l'i breadline Provides a set of commands for manipulating text entered in an interactive session of a program

118



Linux From Scratch - Version 13.0-systemd

8.13. Pcre2-10.47

The pcre2 package contains a new generation of the Perl Compatible Regular Expression libraries.

Approximate build time: 0.2 SBU
Required disk space: 28 MB

8.13.1. Installation of Pcre2

Prepare pcre2 for compilation:

./ configure --prefix=/usr
- -docdi r =/ usr/ shar e/ doc/ pcre2-10. 47
- - enabl e- uni code
--enable-jit
- -enabl e- pcre2- 16
- - enabl e- pcre2- 32
--enabl e- pcre2grep-1ibz
- -enabl e- pcre2grep-1ibbz2
--enabl e- pcre2test- i breadline
--di sabl e-static

—— - - - - — — —

The meaning of the new configur e options:

- -enabl e- uni code

This option enables Unicode support and includes the functions for handling UTF-8/16/32 character strings in
the library.

--enable-jit
This option enables Just-in-time compiling, which can greatly speed up pattern matching.

--enabl e-pcre2-16
This option enables 16 bit character support.

--enabl e- pcre2-32
This option enables 32 bit character support.

--enabl e- pcre2grep-1i bz

This option adds support for reading .gz compressed files to pcre2grep.

--enabl e- pcre2grep-1ibbz2
This option adds support for reading .bz2 compressed files to pcre2grep.

--enabl e-pcre2test-1ibreadline
This option adds line editing and history features to the pcre2test program.

Compile the package:

‘nake ‘

To test the results, issue:

‘nake check ‘

Install the package:

‘nake i nstall ‘
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8.13.2. Contents of Pcre2

Installed programs: pcre2grep and pere2test
Installed library: libpcre2-8.s0, libpcre2-16.s0, libpcre2-32.s0, and libpcre2-posix.so

Short Descriptions

pcre2grep isaversion of grep that understands Perl compatible regular expressions
pcre2test can test a Perl compatible regular expression
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8.14. M4-1.4.21

The M4 package contains a macro processor.

Approximate build time: 0.4 SBU
Required disk space: 61 MB

8.14.1. Installation of M4
Prepare M4 for compilation:

Linux From Scratch - Version 13.0-systemd

‘ ./configure --prefix=/usr

Compile the package:

‘ make

To test the results, issue:

‘ make check

Install the package:

‘ make i nstal l

8.14.2. Contents of M4
Installed program: m4

Short Descriptions

m4  Copies the given files while expanding the macros that they contain. These macros are either built-in or user-
defined and can take any number of arguments. Besides performing macro expansion, m4 has built-in functions
for including named files, running Unix commands, performing integer arithmetic, manipulating text, recursion,
etc. The m4 program can be used either as afront end to a compiler or as a macro processor in its own right
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8.15. Bc-7.0.3

The Bc package contains an arbitrary precision numeric processing language.

Approximate build time:  lessthan 0.1 SBU
Required disk space: 7.8 MB

8.15.1. Installation of Bc

Prepare Bc for compilation:

‘CC=‘ gcc -std=c99' ./configure --prefix=/usr -G-O3 -r

The meaning of the configure options:
CC='gcc -std=c99'
This parameter specifies the compiler and C standard to use.
-G
Omit parts of the test suite that won't work until the bc program has been installed.
-8
Specify the optimization to use.

-r

Enable the use of Readline to improve the line editing feature of bc.
Compile the package:

‘ make

To test be, run:

‘ make test

Install the package:

‘ make i nstal l

8.15.2. Contents of Bc

Installed programs: bc and dc

Short Descriptions

bc A command line calculator
dc A reverse-polish command line calculator
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8.16. Flex-2.6.4

The Flex package contains a utility for generating programs that recognize patterns in text.

Approximate build time: 0.1 SBU
Required disk space: 33MB

8.16.1. Installation of Flex

Prepare Flex for compilation:

./configure --prefix=/usr \
--di sabl e-static \
--docdi r=/usr/share/ doc/flex-2.6.4

Compile the package:

‘nake ‘

To test the results, issue:

‘nake check ‘

Install the package:

‘nake i nstall ‘

A few programs do not know about flex yet and try to run its predecessor, lex. To support those programs, create a
symbolic link named | ex that runsf1 ex in lex emulation mode, and also create the man page of lex as a symlink:

In -sv flex [usr/bin/lex
In -sv flex.1 /usr/share/ man/ manl/ | ex. 1

8.16.2. Contents of Flex

Installed programs: flex, flex++ (link to flex), and lex (link to flex)
Installed libraries: libfl.so
Installed directory: lusr/share/doc/flex-2.6.4

Short Descriptions

flex A tool for generating programs that recognize patternsin text; it allowsfor the versatility to specify therules
for pattern-finding, eradicating the need to develop a specialized program

flex++ An extension of flex, is used for generating C++ code and classes. It isa symbolic link to flex
lex A symbolic link that runs flex in lex emulation mode
l'i bfl Theflex library
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8.17. Tcl-8.6.17

The Tcl package contains the Tool Command Language, a robust general-purpose scripting language. The Expect
package is written in Tcl (pronounced "tickle").

Approximate build time: 2.9 SBU
Required disk space: 91 MB

8.17.1. Installation of Tcl

This package and the next two (Expect and DejaGNU) are installed to support running the test suites for Binutils, GCC
and other packages. Installing three packages for testing purposes may seem excessive, but it is very reassuring, if not
essential, to know that the most important tools are working properly.

Prepare Tcl for compilation:

SRCDI R=$( pwd)

cd uni x

./configure --prefix=/usr \
--mandi r=/usr/share/ man \
--di sabl e-rpath

The meaning of the new configure parameters:

--di sabl e-rpath
This parameter prevents hard coding library search paths (rpath) into the binary executable files and shared
libraries. This package does not need rpath for an installation into the standard location, and rpath may sometimes
cause unwanted effects or even security issues.

Build the package:

make
sed -e "s|$SRCDI R/ uni x| /usr/lib]" \
-e "s|$SRCDI R| /usr/include|" \
-i tcl Config.sh
sed -e "s| $SRCDI R/ uni x/ pkgs/tdbcl.1.12|/usr/lib/tdbcl.1.12]"

e
-e "s| $SRCDI R/ pkgs/tdbcl. 1. 12/ generic|/usr/incl ude|"
-e "s| $SRCDI R/ pkgs/tdbcl. 1.12/1ibrary|/usr/lib/tcl8.6]"
e "s| $SRCDI R/ pkgs/tdbcl. 1. 12|/ usr/i ncl ude| "
i pkgs/tdbcl. 1.12/tdbcConfig.sh

sed -e "s| $SRCDI R/ uni x/ pkgs/itcl4.3.4|/usr/liblitcl4.3.4]" \
-e "s| $SRCDI R/ pkgs/itcl 4. 3.4/ generic|/usr/include|" \
e "s| $SRCDI R/ pkgs/itcl 4.3.4|/usr/include|" \

i

pkgs/itcl 4.3.4/itcl Config.sh

unset SRCDI R

The various “sed” instructions after the “make” command remove references to the build directory from the
configuration files and replace them with the install directory. Thisisnot mandatory for the remainder of LFS, but may
be needed if a package built later uses Tcl.

To test the results, issue:

LC ALL=C. UTF-8 make test

124



Linux From Scratch - Version 13.0-systemd

Install the package:

make i nst al
chrmod 644 /usr/lib/libtclstub8.6.a

Make the installed library writable so debugging symbols can be removed later:

\chmod -v u+w /usr/lib/libtcl8.6.so0

Install Tcl's headers. The next package, Expect, requires them.

‘nake install-private-headers

Now make a necessary symbolic link:

‘In -sfv tclsh8.6 /usr/bin/tclsh

Rename a man page that conflicts with a Perl man page:

‘nv -v [usr/share/ man/ man3/ {Thr ead, Tcl _Thread}. 3

Optionally, install the documentation by issuing the following commands:

cd ..

tar -xf ../tcl8.6.17-htm .tar.gz --strip-conponents=1
nkdir -v -p /usr/share/doc/tcl-8.6.17

cp -v -r ./htm/* /usr/share/doc/tcl-8.6.17

8.17.2. Contents of Tcl

Installed programs: tclsh (link to tclsh8.6) and tclsh8.6
Installed library: libtcl8.6.s0 and libtclstub8.6.a

Short Descriptions

tclsh8.6 The Tcl command shell
tclsh A link to tclsh8.6
libtcl8.6.s0 The Tcl library
libtclstub8.6.a The Tcl Stub library
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8.18. Expect-5.45.4

The Expect package contains tools for automating, via scripted dialogues, interactive applications such as telnet, ftp,
passwd, fsck, rlogin, and tip. Expect is also useful for testing these same applications as well as easing all sorts of
tasks that are prohibitively difficult with anything else. The DejaGnu framework is written in Expect.

Approximate build time: 0.2 SBU
Required disk space: 3.9MB

8.18.1. Installation of Expect

Expect needs PTY s to work. Verify that the PTY s are working properly inside the chroot environment by performing
asimple test:

python3 -c 'frompty inport spawn; spawn(["echo", "ok"])' ‘

This command should output ok. If, instead, the output includes cserror: out of pty devices, then the environment
is not set up for proper PTY operation. You need to exit from the chroot environment, read Section 7.3, “Preparing
Virtual Kernel File Systems” again, and ensure the devpt s file system (and other virtual kernel file systems) mounted
correctly. Then reenter the chroot environment following Section 7.4, “Entering the Chroot Environment”. This issue
needs to be resolved before continuing, or the test suites requiring Expect (for example the test suites of Bash, Binutils,
GCC, GDBM, and of course Expect itself) will fail catastrophically, and other subtle breakages may also happen.

Now, make some changes to allow the package with gcc-15.1 or later:

patch -Npl -i ../expect-5.45.4-gccl5-1. patch ‘

Prepare Expect for compilation:

./configure --prefix=/usr \
--with-tcl=/usr/lib \
- -enabl e- shared \
--di sabl e-rpath \

--mandi r=/ usr/ share/ man \
--with-tclinclude=/usr/include

The meaning of the configure options:

--with-tcl=/usr/lib
This parameter is needed to tell configur e where the tclConfig.sh script islocated.

--with-tclinclude=/usr/include

This explicitly tells Expect whereto find Tcl'sinternal headers.
Build the package:

‘ make ‘

To test the results, issue:

‘ meke test ‘

Install the package:

make install
I'n -svf expect5.45.4/1ibexpect5.45.4.s0 /usr/lib
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8.18.2. Contents of Expect

Installed program:
Installed library:

Short Descriptions

expect

i bexpect-5.45.4.s0

expect
libexpect5.45.4.s0

Communicates with other interactive programs according to a script

Contains functions that allow Expect to be used asaTcl extension or to be used directly
from C or C++ (without Tcl)
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8.19. DejaGNU-1.6.3

The DglaGnu package contains a framework for running test suites on GNU tools. It iswritten in expect, which itself
uses Tcl (Tool Command Language).

Approximate build time:  lessthan 0.1 SBU
Required disk space: 6.9 MB

8.19.1. Installation of DejaGNU
The upstream recommends building DejaGNU in a dedicated build directory:

nkdir -v build
cd buil d

Prepare DegaGNU for compilation:

../configure --prefix=/usr
makei nfo --htm --no-split -o doc/dejagnu. htm ../doc/dejagnu.tex
makei nfo --pl ai nt ext -0 doc/dejagnu.txt ../doc/dejagnu.tex

To test the results, issue:

‘nake check

Install the package:

make i nstal
install -v -dn¥55 /usr/share/ doc/dejagnu-1.6.3
install -v -nb44 doc/ dej agnu. {htm ,txt} /usr/share/doc/dejagnu-1.6.3

8.19.2. Contents of DejaGNU
Installed program: degjagnu and runtest

Short Descriptions

dgagnu DegjaGNU auxiliary command launcher
runtest A wrapper script that locates the proper expect shell and then runs DejaGNU
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8.20. Pkgconf-2.5.1

The pkgconf package is a successor to pkg-config and contains atool for passing the include path and/or library paths
to build tools during the configure and make phases of package installations.

Approximate build time:  lessthan 0.1 SBU
Required disk space: 5.0MB

8.20.1. Installation of Pkgconf
Prepare Pkgconf for compilation:

./configure --prefix=/usr \
--di sable-static \
--docdi r=/usr/ shar e/ doc/ pkgconf-2.5.1

Compile the package:

‘nake ‘

Install the package:

‘nake i nstall ‘

To maintain compatibility with the original Pkg-config create two symlinks:

I'n -sv pkgconf [ usr/ bi n/ pkg- config
I'n -sv pkgconf.1 /usr/share/ man/ manl/ pkg-config. 1

8.20.2. Contents of Pkgconf

Installed programs: pkgconf, pkg-config (link to pkgconf), and bomtool
Installed library: libpkgconf.so
Installed directory: /usr/share/doc/pkgconf-2.5.1

Short Descriptions

pkgconf Returns metainformation for the specified library or package

bomtool Generates a Software Bill Of Materials from pkg-config .pc files

| i bpkgconf Contains most of pkgconf's functionality, while allowing other tools like IDES and compilers to use
its frameworks
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8.21. Binutils-2.46.0

The Binutils package contains alinker, an assembler, and other tools for handling object files.

Approximate build time: 1.7 SBU
Required disk space: 835 MB

8.21.1. Installation of Binutils

The Binutils documentation recommends building Binutils in a dedicated build directory:

nkdir -v build
cd buil d

Prepare Binutils for compilation:

../configure --prefix=/usr
--sysconfdir=/etc
- - enabl e- | d=def aul t
- - enabl e- pl ugi ns
- -enabl e- shared
- -di sabl e-werror
--enabl e-64-bit-bfd
- - enabl e- new dt ags
--with-systemzlib \
- - enabl e- def aul t - hash- st yl e=gnu

— e o — — — —

The meaning of the new configure parameters:

--enabl e-| d=def aul t

Build the original bfd linker and install it as both |d (the default linker) and Id.bfd.

- -enabl e- pl ugi ns

Enables plugin support for the linker.

--with-systemzlib

Usetheinstalled zlib library instead of building the included version.
Compile the package:
meke t ool di r=/ usr
The meaning of the make parameter:

t ool di r=/ usr

Normally, the tooldir (the directory where the executables will ultimately be located) is set to $(exec_prefix)/

$(target_alias). For example, x86_64 machines would expand that to / usr/ x86_64- pc- 1 i nux- gnu. Because this
is a custom system, this target-specific directory in/usr isnot required. $(exec_prefix)/$(target_alias) would
be used if the system were used to cross-compile (for example, compiling a package on an Intel machine that
generates code that can be executed on PowerPC machines).

! | mportant
" Thetest suite for Binutilsin this section is considered critical. Do not skip it under any circumstances.
Test the results:

make -k check
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For alist of failed tests, run:

‘grep "AFAIL:" $(find -name '*.lo0g") ‘

One test related to gprofng is known to fail.

Install the package:

‘nake t ool di r=/usr instal

Remove useless static libraries and other files;

rm-rfv /usr/lib/lib{bfd,ctf,ctf-nobfd, gprofng, opcodes, sfrane}.a \
[ usr/ shar e/ doc/ gpr of ng/

8.21.2. Contents of Binutils
Installed programs: addr2line, ar, as, c++filt, dwp, efedit, gprof, gprofng, Id, Id.bfd, nm, objcopy, objdump,

Installed libraries:
Installed directory:

ranlib, readelf, size, strings, and strip
libbfd.so, libctf.so, libctf-nobfd.so, libgprofng.so, libopcodes.so, and libsframe.so
lusr/lib/ldscripts

Short Descriptions

addr2line

ar
as
c+Hfilt

dwp
elfedit
gpr of

gprofng
Id

Id.bfd
nm

obj copy
objdump

ranlib

readelf
size

Tranglates program addresses to file names and line numbers; given an address and the name of
an executable, it uses the debugging information in the executable to determine which source file
and line number are associated with the address

Creates, modifies, and extracts from archives
An assembler that assembles the output of gcc into object files

Used by the linker to de-mangle C++ and Java symbols and to keep overloaded functions from
clashing

The DWARF packaging utility
Updates the ELF headers of ELF files
Displays call graph profile data
Gathers and analyzes performance data

A linker that combines a number of object and archive filesinto asinglefile, relocating their data
and tying up symbol references

A hardlink toId
Lists the symbols occurring in a given object file
Tranglates one type of object file into another

Displaysinformation about the given object file, with options controlling the particular information
to display; the information shown is useful to programmers who are working on the compilation
tools

Generates an index of the contents of an archive and stores it in the archive; the index lists all of
the symbols defined by archive members that are relocatable object files

Displays information about ELF type binaries
Lists the section sizes and the total size for the given object files
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strip

|'i bbfd

l'i bctf

I'i bctf-nobfd
I'i bgprofng

| i bopcodes

l'i bsfrane
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Outputs, for each given file, the sequences of printable characters that are of at least the specified
length (defaulting to four); for object files, it prints, by default, only the stringsfrom theinitializing
and loading sections while for other types of files, it scans the entire file

Discards symbols from object files

The Binary File Descriptor library

The Compat ANSI-C Type Format debugging support library
A libctf variant which does not use libbfd functionality

A library containing most routines used by gprofng

A library for dealing with opcodes—the “readable text” versions of instructions for the processor;
itisused for building utilities like objdump

A library to support online backtracing using a simple unwinder
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8.22. GMP-6.3.0

The GMP package contains math libraries. These have useful functions for arbitrary precision arithmetic.

Approximate build time: 0.3 SBU
Required disk space: 54 MB

8.22.1. Installation of GMP

% Note
' 4

If you are building for 32-bit x86, but you have a CPU which is capable of running 64-bit code and you have
specified cFLAGS in the environment, the configure script will attempt to configure for 64-bits and fail. Avoid
this by invoking the configure command below with

‘ABI:SZ ./configure ...

% Note

The default settings of GMP produce libraries optimized for the host processor. If libraries suitable for
processors | ess capable than the host's CPU are desired, generic libraries can be created by appending the -
- host =none- | i nux- gnu Option to the configur e command.

First, make an adjustment for compatibility with gcc-15 and later:

\sed -i "/long long t1;/,+1s/()/(...)/" configure

Prepare GMP for compilation:

./configure --prefix=/usr \
- - enabl e- cxx \
--di sable-static \
- -docdi r =/ usr/ shar e/ doc/ gnp-6. 3. 0

The meaning of the new configur e options:

- - enabl e- cxx
This parameter enables C++ support

- -docdi r =/ usr/ shar e/ doc/ gnp-6.3.0
This variable specifies the correct place for the documentation.

Compile the package and generate the HTML documentation:

make
make htm

1 I mportant

Thetest suite for GMP in this section is considered critical. Do not skip it under any circumstances.

Test the results:

‘nake check 2>&1 | tee gnp-check-Iog
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e Caution

The code in gmp is highly optimized for the processor where it is built. Occasionally, the code that detects
the processor misidentifies the system capabilities and there will be errors in the tests or other applications
using the gmp librarieswith the message| 11 egal i nstructi on. Inthiscase, gmp should be reconfigured with
the option - - host =none- I i nux- gnu and rebuilt.

Ensure that at least 199 tests in the test suite passed. Check the results by issuing the following command:

‘aV\k "/# PASS:/{total +=$3} ; END{print total}' gnp-check-Iog

Install the package and its documentation:

make i nstal l
make install-htnl

8.22.2. Contents of GMP

Installed libraries: libgmp.so and libgmpxx.so
Installed directory: /usr/share/doc/gmp-6.3.0

Short Descriptions

l'i bgnp Contains precision math functions
I'i bgnmpxx Contains C++ precision math functions
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8.23. MPFR-4.2.2

The MPFR package contains functions for multiple precision math.

Approximate build time: 0.2 SBU
Required disk space: 43 MB

8.23.1. Installation of MPFR
Prepare MPFR for compilation:

./configure --prefix=/usr \
--di sabl e-static \
--enabl e-t hread- safe \
--docdi r=/usr/share/doc/ npfr-4.2.2

Compile the package and generate the HTML documentation:

make
make htm

'I' I mportant

Thetest suite for MPFR in this section is considered critical. Do not skip it under any circumstances.

Test the results and ensure that all 198 tests passed:

make check

Install the package and its documentation:

make install
make install-htnl

8.23.2. Contents of MPFR

Installed libraries: libmpfr.so
Installed directory: lusr/share/doc/mpfr-4.2.2

Short Descriptions

l'i brpfr Contains multiple-precision math functions
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8.24. MPC-1.3.1

The MPC package contains alibrary for the arithmetic of complex numbers with arbitrarily high precision and correct
rounding of the result.

Approximate build time: 0.1 SBU
Required disk space: 22 MB

8.24.1. Installation of MPC
Prepare MPC for compilation:

./configure --prefix=/usr \
--di sable-static \
--docdi r=/usr/share/ doc/ npc-1.3.1

Compile the package and generate the HTML documentation:

make
make htm

To test the results, issue:

‘ make check

Install the package and its documentation:

make i nstall
make install-htnl

8.24.2. Contents of MPC

Installed libraries: libmpc.so
Installed directory: /usr/share/doc/mpc-1.3.1

Short Descriptions

l'i bnpc Contains complex math functions
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8.25. Attr-2.5.2

The Attr package contains utilities to administer the extended attributes of filesystem objects.

Approximate build time:  lessthan 0.1 SBU
Required disk space: 4.1MB

8.25.1. Installation of Attr
Prepare Attr for compilation:

./configure --prefix=/usr \
--di sable-static \
--sysconfdir=/etc \
--docdi r=/usr/share/ doc/attr-2.5.2

Compile the package:

‘ make ‘

The tests must be run on afilesystem that supports extended attributes such as the ext2, ext3, or ext4 filesystems. To
test the results, issue:

‘ make check ‘

Install the package:

‘ make i nstall

8.25.2. Contents of Attr

Installed programs: attr, getfattr, and setfattr
Installed library: libattr.so
Installed directories: /usr/include/attr and /usr/share/doc/attr-2.5.2

Short Descriptions

attr Extends attributes on filesystem objects

getfattr Gets the extended attributes of filesystem objects

setfattr Sets the extended attributes of filesystem objects

libattr Contains the library functions for manipulating extended attributes
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8.26. Acl-2.3.2

The Acl package contains utilities to administer Access Control Lists, which are used to define fine-grained
discretionary accessrights for files and directories.

Approximate build time:  lessthan 0.1 SBU
Required disk space: 6.5MB

8.26.1. Installation of Acl
Prepare Acl for compilation:

./configure --prefix=/usr \
--di sabl e-static \
--docdi r=/usr/share/ doc/ acl -2. 3.2

Compile the package:

‘ make ‘

The Acl tests must be run on afilesystem that supports access controls. To test the results, issue:

‘ make check ‘

Onetest named test/cp. test iSknown to fail because Coreutilsis not built with the Acl support yet.

Install the package:

‘ make i nstal l

8.26.2. Contents of Acl

Installed programs: chacl, getfacl, and setfacl
Installed library: libacl.so
Installed directories: /usr/include/acl and /usr/share/doc/acl-2.3.2

Short Descriptions

chacl Changes the access control list of afile or directory

getfacl Gets file access control lists

setfacl Sets file access control lists

l'i bacl Contains the library functions for manipulating Access Control Lists
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8.27. Libcap-2.77

The Libcap package implements the userspace interface to the POSI X 1003.1e capabilities available in Linux kernels.
These capabilities partition the all-powerful root privilege into a set of distinct privileges.

Approximate build time:  lessthan 0.1 SBU
Required disk space: 3.1MB

8.27.1. Installation of Libcap

% Note
’ 4

If updating this package on an existing system and the go compiler is installed, prevent a build error by
using export GOL ANG=no before running the commands below. Be sure to unset coLANG after installation
is complete.

Prevent static libraries from being installed:

‘sed -i '"/install -m*STA/d'" |ibcap/ Makefile ‘

Compile the package:

‘make prefix=/usr lib=lib \

The meaning of the make option:

lib=lib
This parameter sets the library directory to/usr/1i b rather than/usr/1ib64 on x86_64. It has no effect on x86.

To test the results, issue:

‘ meke test ‘

Install the package:

‘n’ake prefix=/usr lib=lib install ‘

8.27.2. Contents of Libcap

Installed programs: capsh, getcap, getpcaps, and setcap
Installed library: libcap.so and libpsx.so

Short Descriptions

capsh A shell wrapper to explore and constrain capability support

getcap Examinesfile capabilities

getpcaps Displays the capabilities of the queried process(es)

setcap Setsfile capabilities

l'i bcap Contains the library functions for manipulating POSIX 1003.1e capabilities

l'i bpsx Contains functions to support POSIX semantics for syscalls associated with the pthread library
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8.28. Libxcrypt-4.5.2

The Libxcrypt package contains a modern library for one-way hashing of passwords.

Approximate build time: 0.1 SBU
Required disk space: 14 MB

8.28.1. Installation of Libxcrypt
First, make afix required by glibc-2.43 and later:

‘sed -i "/strchr/s/const//"' lib/crypt-{snB, gost}-yescrypt.c

Prepare Libxcrypt for compilation:

./configure --prefix=/usr \
- -enabl e- hashes=strong, gli bc \
- - enabl e- obsol et e- api =no \
--di sabl e-static \
--di sabl e-fai |l ure-tokens

The meaning of the new configure options:

- -enabl e- hashes=strong, gl i bc

Build strong hash al gorithms recommended for security use cases, and the hash a gorithms provided by traditional

Glibc 1i berypt for compatibility.

- - enabl e- obsol et e- api =no
Disable obsolete API functions. They are not needed for amodern Linux system built from source.

--di sabl e-failure-tokens

Disable failure token feature. It's needed for compatibility with the traditional hash libraries of some platforms,

but a Linux system based on Glibc does not need it.
Compile the package:

‘nake

To test the results, issue:

‘nake check

Install the package:

‘nake i nst al

Note

"h

The instructions above disabled obsolete API functions since no package installed by compiling from sources
would link against them at runtime. However, the only known binary-only applicationsthat link against these
functions require ABI version 1. If you must have such functions because of some binary-only application or
to be compliant with LSB, build the package again with the following commands:

make di stcl ean
./lconfigure --prefix=/usr \
- - enabl e- hashes=strong, gli bc \
- - enabl e- obsol et e- api =gl i bc \
--di sabl e-static \
- -di sabl e-fail ure-tokens
make
cp -av --renove-destination .libs/libcrypt.so.1* /usr/lib
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8.28.2. Contents of Libxcrypt
Installed libraries: libcrypt.so

Short Descriptions

l'i berypt Contains functions to hash passwords
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8.29. Shadow-4.19.3

The Shadow package contains programs for handling passwords in a secure way.

Approximate build time: 0.1 SBU
Required disk space: 115 MB

8.29.1. Installation of Shadow

1 I mportant

If you'veinstalled Linux-PAM, you should follow the BLFSinstructionsinstead of this pageto build, rebuild,
upgrade shadow.

% Note
V 4

If you would like to enforce the use of strong passwords, install and configure Linux-PAM first. Then install
and configure shadow with the PAM support. Finally install libpwquality and configure PAM to use it.

Disable the installation of the groups program and its man pages, as Coreutils provides a better version. Also, prevent
the installation of manual pages that were already installed in Section 8.3, “Man-pages-6.17":

sed -i 's/groups$(EXEEXT) //' src/ Makefile.in

find man -name Makefile.in -exec sed -i 's/groups\.1 / /' {} \;
find man -name Makefile.in -exec sed -i 's/getspnam.3 / /' {} \;
find man -name Makefile.in -exec sed -i 's/passwd\.5 / /' {} \;

Instead of using the default crypt method, use the much more secure YESCRYPT method of password encryption, which
also allows passwords longer than 8 characters. It is also hecessary to change the obsolete / var / spool / mai | location
for user mailboxes that Shadow uses by default to the/ var/ mai I location used currently. And, remove/ bi n and / sbi n
from the PATH, since they are simply symlinks to their counterpartsin/ usr.

. Warning

Including / bi n and/or / shi n in the PATH variable may cause some BLFS packages fail to build, so don't do
that in the . bashr ¢ file or anywhere else.

sed -e 's:#ENCRYPT_METHOD DES: ENCRYPT_METHOD YESCRYPT: ' \
-e "s:/var/spool /mail:/var/mil:"' \
-e '/ PATH=/ {s@ shin: @@ s@ bi n: @& \
-i etc/login.defs

Prepare Shadow for compilation:

touch /usr/bin/passwd
./lconfigure --sysconfdir=/etc
--di sabl e-static
--with-{b, yes}crypt
--w t hout -1 i bbsd
- - di sabl e- 1 ogi nd \
--W t h- gr oup- nanme- nax- | engt h=32

\
\
\
\

The meaning of the new configuration options:

touch /usr/bin/passwd
Thefile/usr/bi n/ passwd needs to exist because its location is hardcoded in some programs; if it does not already
exigt, the installation script will create it in the wrong place.
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--wi th-{b, yes}crypt
The shell expandsthisto two switches, - - wi t h-berypt and - - wi t h-yescrypt . They allow shadow to use the Berypt
and Y escrypt algorithms implemented by Libxcrypt for hashing passwords. These algorithms are more secure (in
particular, much more resistant to GPU-based attacks) than the traditional SHA algorithms.

--Wwi t h- gr oup- nane- nax- | engt h=32
The longest permissible user name is 32 characters. Make the maximum length of a group name the same.

- -di sabl e-1 ogi nd
This option makes Shadow (specifically, the login and who programs) use the/ r un/ ut np file instead of logind to
track the active login sessions, as logind isn't available yet in the incomplete LFS system. But as we've discussed
in Section 7.6, “Creating Essential Filesand Symlinks’, the/ run/ ut np file format will be completely broken after
year 2038. The LFS editors will attempt to resolve the issue before that year.

--wi thout - 1 i bbsd
Do not use the readpassphrase function from libbsd which is not in LFS. Use the internal copy instead.

Compile the package:

make
This package does not come with atest suite.

Install the package:

make exec_prefix=/usr install
make -C man install-nan

8.29.2. Configuring Shadow

This package contains utilitiesto add, modify, and delete users and groups; set and change their passwords; and perform
other administrative tasks. For afull explanation of what password shadowing means, see the doc/ Howrofile within the
unpacked source tree. If you use Shadow support, keep in mind that programs which need to verify passwords (display
managers, FTP programs, pop3 daemons, etc.) must be Shadow-compliant. That is, they must be able to work with
shadowed passwords.

To enable shadowed passwords, run the following command:

pwconv

To enable shadowed group passwords, run:

gr pconv

Shadow's default configuration for the user add utility needs some explanation. First, the default action for the user add
utility isto create the user and agroup with the same name asthe user. By default the user ID (UID) and group ID (GID)
numberswill begin at 1000. This meansif you don't pass extra parameters to user add, each user will be amember of a
unique group on the system. If this behavior isundesirable, you'll need to pass either the - g or - N parameter to user add,
or else change the setting of USERGROUPS_ENAB in/ et ¢/ | ogi n. def s. See useradd(8) for more information.

Second, to change the default parameters, the file / et ¢/ def aul t/ user add must be created and tailored to suit your
particular needs. Create it with:

nkdir -p /etc/default
useradd -D --gid 999
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/ et c/ def aul t/ user add parameter explanations

GROUP=999

Thisparameter setsthe beginning of the group numbersused inthe/ et c/ gr oup file. The particular value 999 comes
from the- - gi d parameter above. Y ou may set it to any desired value. Note that useradd will never reuseaUID or
GID. If the number identified in this parameter isused, it will use the next available number. Note also that if you
don't have agroup with an ID equal to this number on your system, then thefirst time you use user add without the
- g parameter, an error message will be generated—user add: unknown G D 999, even though the account has been
created correctly. That is why we created the group user s with this group ID in Section 7.6, “ Creating Essentia
Filesand Symlinks.”

CREATE_MAI L_SPOOL=yes
This parameter causesuser add to create amailbox filefor each new user. user add will assign the group ownership
of thisfileto the mai I group with 0660 permissions. If you would rather not create these files, issue the following
command:

‘sed -i "/MAIL/s/yes/no/' [etc/default/useradd ‘

8.29.3. Setting the Root Password

Choose a password for user root and set it by running:

‘passmd r oot ‘

8.29.4. Contents of Shadow

Installed programs: chage, chfn, chgpasswd, chpasswd, chsh, expiry, faillog, getsubids, gpasswd,
groupadd, groupdel, groupmems, groupmod, grpck, grpconv, grpunconv, login, logoutd,
newgidmap, newgrp, newuidmap, newusers, nologin, passwd, pwck, pwconv, pwunconv,
sg (link to newgrp), su, useradd, userdel, usermod, vigr (link to vipw), and vipw

Installed directories: /etc/default and /usr/include/shadow

Installed libraries: libsubid.so

Short Descriptions

chage Used to change the maximum number of days between obligatory password changes
chfn Used to change a user's full name and other information
chgpasswd Used to update group passwords in batch mode

chpasswd Used to update user passwords in batch mode

chsh Used to change a user's default login shell

expiry Checks and enforces the current password expiration policy

faillog Is used to examine the log of login failures, to set a maximum number of failures before an account
is blocked, and to reset the failure count

getsubids Is used to list the subordinate id ranges for a user

gpasswd Is used to add and del ete members and administrators to groups

groupadd Creates a group with the given name

groupdel Deletes the group with the given name
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groupmod
grpck
grpconv
grpunconv
login
logoutd
newgidmap
newgrp
newuidmap
newusers
nologin

passwd
pwck
pwconv
pwunconv
g

su
useradd
user del
usermod

vigr
Vipw
l'i bsubi d
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Allows a user to administer his’her own group membership list without the requirement of super user
privileges.

Is used to modify the given group's name or GID

Verifiesthe integrity of the group files/ et c/ group and / et ¢/ gshadow
Creates or updates the shadow group file from the normal group file
Updates/ et c/ gr oup from/ et c/ gshadow and then deletes the latter

Is used by the system to let users sign on

Is a daemon used to enforce restrictions on log-on time and ports

I's used to set the gid mapping of a user namespace

Is used to change the current GID during alogin session

I's used to set the uid mapping of a user namespace

Is used to create or update an entire series of user accounts

Displays a message saying an account is not available; it is designed to be used as the default shell
for disabled accounts

Is used to change the password for a user or group account

Verifiesthe integrity of the password files/ et ¢/ passwd and / et ¢/ shadow

Creates or updates the shadow password file from the normal password file
Updates/ et c/ passwd from / et ¢/ shadow and then deletes the latter

Executes a given command while the user's GID is set to that of the given group
Runs a shell with substitute user and group 1Ds

Creates a new user with the given name, or updates the default new-user information
Deletes the specified user account

Is used to modify the given user's login name, user identification (UID), shell, initial group, home
directory, etc.

Editsthe/ et ¢/ group Or / et ¢/ gshadow files
Editsthe/ et ¢/ passwd Or / et ¢/ shadow files
library to handle subordinate id ranges for users and groups

145



Linux From Scratch - Version 13.0-systemd

8.30. GCC-15.2.0

The GCC package contains the GNU compiler collection, which includes the C and C++ compilers.

Approximate build time: 45 SBU (with tests)
Required disk space: 6.6 GB

8.30.1. Installation of GCC
First, make afix required by glibc-2.43 and later:

sed -i 's/char [*]qg/const &' |ibgonmp/affinity-fnt.c

If building on x86_64, change the default directory name for 64-bit librariesto “lib”:

case $(unane -n) in
x86_64)
sed -e '/nB4=/s/1ib64/lib/" \
-i.orig gcc/config/i386/t-1inux64

esac
The GCC documentation recommends building GCC in a dedicated build directory:

nkdir -v build
cd buil d

Prepare GCC for compilation:

../configure --prefix=/usr \
LD=l d \
--enabl e- | anguages=c, c++ \
--enabl e-defaul t-pi e \
--enabl e-def aul t - ssp \
--enabl e- host - pi e \
--disable-multilib \
--di sabl e-boot strap \
- -di sabl e-fi xi ncl udes \

--with-systemzlib

We only enable C and C++ here to save the build time as no packagesin LFS and BLFS require GCC to compile other
languages. Append cobol for Cobol (note that it will cause GCC fail to build on a 32-bit LFS system), fortran for
Fortran, go for Go, obj ¢ for Objective C, obj - c++ for Objective C++, and/or ne for Modula 2 into the value of - - enabl e-

| anguages option if you want to compile programs in one or more of those languages with GCC. GCC also supports
Ada and D, but the code to support Ada or D iswritten in Ada or D itself, so the support can only be built with an
existing Adaor D compiler installation and we cannot enable the support here.

The meaning of the new configure parameters:

LD=l d

This parameter makes the configure script use the |d program installed by the Binutils package built earlier in this
chapter, rather than the cross-built version which would otherwise be used.

- -di sabl e-boot strap
By default, the build system of GCC will bootstrap it in 3 stages unlessit's built as a cross-compiler or it isbeing
cross-compiled. The bootstrap processis needed for robustness, especially when upgrading GCC to anew version.
In LFS we are using a different method to bootstrap GCC (as we introduced in Toolchain Technical Notes), so
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here we don't need the bootstrap process provided by the build system and we disable it to significantly reduce the
build time. Remove this option when you upgrade GCC on a complete LFS system (instead of building LFS).

- - di sabl e-fi xi ncl udes
By default, during the installation of GCC some system headers would be “fixed” to be used with GCC. Thisis
not necessary for amodern Linux system, and potentially harmful if a package is reinstalled after installing GCC.
This switch prevents GCC from “fixing” the headers.

--with-systemzlib
This switch tells GCC to link to the system installed copy of the Zlib library, rather than its own internal copy.

% Note
s

PIE (position-independent executabl es) are binary programsthat can be loaded anywherein memory. Without
PIE, the security feature named ASLR (Address Space Layout Randomization) can be applied for the shared
libraries, but not for the executables themselves. Enabling PIE allows ASLR for the executables in addition
to the shared libraries, and mitigates some attacks based on fixed addresses of sensitive code or data in the
executables.

SSP (Stack Smashing Protection) is a technique to ensure that the parameter stack is not corrupted. Stack
corruption can, for example, ater the return address of a subroutine, thus transferring control to some
dangerous code (existing in the program or shared libraries, or injected by the attacker somehow).

Compile the package:

make

' I mportant

In this section, the test suite for GCC is considered important, but it takes along time. First-time builders are
encouraged to run the test suite. The time to run the tests can be reduced significantly by adding -jx to the
make -k check command below, where x is the number of CPU cores on your system.

GCC may need more stack space compiling some extremely complex code patterns. As aprecaution for the host distros
with atight stack limit, explicitly set the stack size hard limit to infinite. On most host distros (and thefinal LFS system)
the hard limit is infinite by default, but there is no harm done by setting it explicitly. It's not necessary to change the
stack size soft limit because GCC will automatically set it to an appropriate value, aslong as the value does not exceed
the hard limit:

ulimt -s -Hunlimted
Now remove severa known test failures:

sed -e '/cpython/d' -i ../gcc/testsuitel/gcc.dg/plugin/plugin.exp

Test the results as a non-privileged user, but do not stop at errors:

chown -R tester .
su tester -c "PATH=$PATH make -k check"

To extract asummary of the test suite results, run:

../contrib/test_sunmary

To filter out only the summaries, pipe the output through grep - A7 Summ
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Results can be compared with those located at https://mww.linuxfromscratch.org/Ifs/build-logs/13.0/ and https://gcc.
gnu.org/ml/gcc-testresults/.
Four tests related to pr90579. ¢ are known to fail.
Five testsrelated to anal yzer/strchr- 1. ¢ are known to fail.

Four tests in libstdc++, 17_i ntr o/ badnanes. cc, 17_i ntro/ nanmes. cc, 17_i ntro/ names_fortify. cc, and experi nental /
nares. cc, are known to fail due to changes with glibc-2.43.

A few unexpected failures cannot always be avoided. In some casestest failures depend on the specific hardware of the
system. Unless the test results are vastly different from those at the above URL, it is safe to continue.

Install the package:

‘nake i nstall ‘

The GCC build directory isowned by test er now, and the ownership of theinstalled header directory (and its content)
isincorrect. Change the ownership to ther oot user and group:

chown -v -R root:root \
lusr/lib/gcc/$(gcc -dunmprmachi ne)/ 15. 2. 0/i ncl ude{, -fi xed}

Create asymlink required by the FHSfor "historical” reasons.

In -svr /usr/bin/cpp /usr/lib

Many packages use the name cc to call the C compiler. We've already created cc as a symlink in gcc-pass2, create its
man page as asymlink as well:

‘In -sv gcc. 1 /usr/share/ man/ manl/cc. 1

Add a compatibility symlink to enable building programs with Link Time Optimization (LTO):

In -sfv ../../1ibexec/gcc/$(gcc -dunpmachine)/15.2.0/1iblto_plugin.so \
[usr/1ib/ bfd-plugins/

Now that our final toolchainisin place, it isimportant to again ensure that compiling and linking will work as expected.
We do this by performing some sanity checks:

echo 'int main(){}' | cc -x c - -v -W,--verbose & dummy.| og
readel f -1 a.out | grep ': /lib'

There should be no errors, and the output of the last command will be (allowing for platform-specific differencesin
the dynamic linker name):

‘ [ Requesting programinterpreter: /lib64/1d-Iinux-x86-64.so0.2]

Now make sure that we're set up to use the correct start files:

‘grep -E -0 "/usr/lib.*/S?crt[1lin].*succeeded" dumy. | og ‘

The output of the last command should be:

lusr/libl/lgcc/x86_64-pc-linux-gnu/15.2.0/../../../../1ib/Scrtl.o succeeded
lusr/libl/lgcc/x86_64-pc-linux-gnu/15.2.0/../../../../liblcrti.o succeeded
lusr/libl/lgcc/x86_64-pc-linux-gnu/15.2.0/../../../../lib/crtn.o succeeded

Depending on your machine architecture, the above may differ slightly. The difference will be the name of the directory
after /usr/1i b/ gcc. The important thing to look for here is that gcc has found all three crt *. o files under the / usr/
l'i b directory.
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Verify that the compiler is searching for the correct header files:

‘grep -B4 '~ Jusr/include' dummy.l| og ‘

This command should return the following output:

#include <...> search starts here:
lusr/lib/lgcc/x86_64-pc-I|inux-gnu/15.2.0/include
/usr/local/include
lusr/lib/lgcc/x86_64-pc-I|inux-gnu/15.2.0/include-fixed
/usr/include

Again, the directory named after your target triplet may be different than the above, depending on your system
architecture.

Next, verify that the new linker is being used with the correct search paths:

grep ' SEARCH. */usr/lib'" dummy.log |sed "s|; |[\n|g' ‘

References to paths that have components with -linux-gnu' should be ignored, but otherwise the output of the last
command should be:

SEARCH DI R("/ usr/x86_64-pc-|inux-gnu/lib64")
SEARCH DI R("/usr/local /1ib64")

SEARCH DI R("/1i b64")

SEARCH DI R("/usr/1ib64")

SEARCH DI R("/ usr/x86_64-pc-|inux-gnu/lib")
SEARCH DI R("/usr/local /lib")

SEARCH DI R("/1i b")

SEARCH DI R("/usr/lib");

A 32-bit system may use afew other directories. For example, here is the output from an 1686 machine:

SEARCH DI R("/usr/i 686-pc-1inux-gnu/lib32")
SEARCH DI R("/usr/local /1ib32")

SEARCH DI R("/ i b32")

SEARCH DI R("/usr/1ib32")

SEARCH DI R("/usr/i 686-pc-|inux-gnu/lib")
SEARCH DI R("/usr /| ocal /1ib")

SEARCH DI R("/1i b")

SEARCH DI R("/usr/lib");

Next make sure that we're using the correct libc:

grep “/lib.*/libc.so.6 " dummy. | og ‘

The output of the last command should be:

‘ attenpt to open /usr/lib/libc.so.6 succeeded ‘

Make sure GCC is using the correct dynamic linker:

‘ grep found dummy. | og ‘

The output of the last command should be (allowing for platform-specific differences in dynamic linker name):

‘ found I d-1inux-x86-64.s0.2 at /usr/lib/ld-Ilinux-x86-64.s0.2 ‘

If the output does not appear as shown above or is not received at all, then something is seriously wrong. Investigate
and retrace the steps to find out where the problem is and correct it. Any issues should be resolved before continuing
with the process.
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Once everything is working correctly, clean up the test files:

‘rn]-v a.out dummy. | og

Finally, move a misplaced file:

nkdir -pv /usr/share/gdb/auto-1load/usr/lib
my -v /usr/lib/*gdb. py /usr/share/gdb/auto-|oad/usr/lib

8.30.2. Contents of GCC

Installed programs:

Installed libraries:

Installed directories:

Short Descriptions

c++
cc
cpp

g++
gcc
gcc-ar

gcc-nm
gce-ranlib
gcov

gcov-dump
gcov-tool
[to-dump

l'i basan

l'i batonic
libccl

i bgcc

I'i bgcov

i bgonp

c++, cc (link to gec), cpp, g++, gce, gee-ar, gcc-nm, gee-ranlib, gcov, gcov-dump, gcov-
tool, and Ito-dump

libasan.{ a,s0}, libatomic.{ a,s0}, libccl.so, libgee.a, libgee_eh.a, libgec_s.so, libgcov.a,
libgomp.{aso}, libhwasan.{aso}, libitm.{aso}, liblsan{aso}, liblto_plugin.so,
libquadmath.{ a,so}, libssp.{ a,s0}, libssp_nonshared.a, libstdc++.{ a,so}, libstdc++exp.a,
libstdc++fs.a, libsupct++.a, libtsan.{ a,s0}, and libubsan.{ a,so}

/usr/include/c++, /ust/lib/gcec, /usr/libexec/gee, and /usr/share/gec-15.2.0

The C++ compiler
The C compiler

The C preprocessor; it is used by the compiler to expand the #include, #define, and similar
directivesin the source files

The C++ compiler
The C compiler

A wrapper around ar that adds a plugin to the command line. This program is only used to add
"link time optimization" and is not useful with the default build options.

A wrapper around nm that adds a plugin to the command line. This program is only used to add
"link time optimization" and is not useful with the default build options.

A wrapper around ranlib that adds a plugin to the command line. This program is only used to
add "link time optimization" and is not useful with the default build options.

A coverage testing tool; it is used to analyze programs to determine where optimizations will
have the greatest effect

Offline gcda and gcno profile dump tool

Offline gcda profile processing tool

Tool for dumping object files produced by GCC with LTO enabled

The Address Sanitizer runtime library

GCC atomic built-in runtime library

A library that allows GDB to make use of GCC

Contains run-time support for gcc

Thislibrary islinked into a program when GCC is instructed to enable profiling

GNU implementation of the OpenMP APl for multi-platform shared-memory paralel
programming in C/C++ and Fortran
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I'i bhwasan
l'ibitm

I'i bl san
liblto_plugin
i bquadmat h
i bssp

|'i bstdc++

i bstdc++exp
|'i bstdc++fs
i bsupc++

i btsan

i bubsan
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The Hardware-assisted Address Sanitizer runtime library

The GNU transactional memory library

The Leak Sanitizer runtime library

GCC'sLTO plugin allows Binutils to process object files produced by GCC with LTO enabled
GCC Quad Precision Math Library API

Contains routines supporting GCC's stack-smashing protection functionality. Normally it is not
used, because Glibc also provides those routines.

The standard C++ library

Experimental C++ Contracts library

ISO/IEC TS 18822:2015 Filesystem library

Provides supporting routines for the C++ programming language
The Thread Sanitizer runtime library

The Undefined Behavior Sanitizer runtime library
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8.31. Ncurses-6.6

The Ncurses package contains libraries for terminal-independent handling of character screens.

Approximate build time: 0.2 SBU
Required disk space: 47 MB

8.31.1. Installation of Ncurses

Prepare Ncurses for compilation:

./configure --prefix=/usr
- - mandi r =/ usr/ shar e/ man
--w th-shared
--wi t hout - debug
- - Wi t hout - nor nal
--W t h-cxx-shar ed
--enabl e-pc-files
--wi th-pkg-config-libdir=/usr/lib/pkgconfig

—— - — — - —

The meaning of the new configur e options:

--wi th-shared

This makes Ncurses build and install shared C libraries.

--w t hout - nor mal
This prevents Ncurses building and installing static C libraries.

--wi t hout - debug
This prevents Ncurses building and installing debug libraries.

--w t h-cxx-shared

This makes Ncurses build and install shared C++ bindings. It also prevents it building and installing static C+
+ bindings.

--enabl e-pc-files
This switch generates and installs .pc files for pkg-config.

Compile the package:

make

This package has atest suite, but it can only be run after the package has been installed. The testsreside in the t est /
directory. See the ReaDME file in that directory for further details.

The installation of this package will overwrite Ii bncur sesw. so. 6. 6 in-place. It may crash the shell process which is
using code and data from the library file. Install the package with bestol R, and replace the library file correctly using
the--renove- desti nati on option of cp (the header cur ses. h isalso edited to ensure the wide-character ABI to be used
as what we've done in Section 6.3, “Ncurses-6.6"):

make DESTDI R=$PWD dest i nstall

sed -e 'S/ #if.*XOPEN. *$/#i f 1/' \
-i dest/usr/include/curses. h

cCp --renpbve-destination -av dest/* /
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Many applications still expect the linker to be able to find non-wide-character Ncurseslibraries. Trick such applications
into linking with wide-character libraries by means of symlinks (note that the . so links are only safe with curses. h
edited to aways use the wide-character ABI):

for lib in ncurses form panel nmenu ; do

In -sfv lib${lib}w so /usr/lib/lib${lib}.so

In -sfv ${1ib}w pc /usr/lib/pkgconfig/ ${lib}.pc
done

Finally, make sure that old applications that ook for -1 cur ses at build time are still buildable:

In -sfv libncursesw.so /usr/lib/libcurses.so

If desired, install the Ncurses documentation:

cp -V -R doc -T /usr/share/doc/ncurses-6.6

% Note
' 4

The instructions above don't create non-wide-character Ncurses libraries since no package installed by
compiling from sources would link against them at runtime. However, the only known binary-only
applications that link against non-wide-character Ncurses libraries require version 5. If you must have such
libraries because of some binary-only application or to be compliant with LSB, build the package again with
the following commands:

make di stcl ean
./Iconfigure --prefix=/usr \
--wi th-shared \
--wi t hout - normal \
--wi t hout -debug \
- - Wi t hout - cxx- bi ndi ng \
--Wwi t h-abi - ver si on=5
make sources |ibs
cp -av lib/lib*.so.5* /usr/lib

8.31.2. Contents of Ncurses

Installed programs: captoinfo (link totic), clear, infocmp, infotocap (link to tic), ncursesw6-config, reset (link
to tset), tabs, tic, toe, tput, and tset
Installed libraries: libcurses.so (symlink), libform.so (symlink), libformw.so, libmenu.so (symlink),

libmenuw.so, libncurses.so (symlink), libncursesw.so, libncurses++w.so, libpanel.so
(symlink), and libpanelw.so,
Installed directories: /usr/shareftabset, /usr/share/terminfo, and /usr/share/doc/ncurses-6.6

Short Descriptions

captoinfo Converts atermcap description into aterminfo description
clear Clears the screen, if possible

infocmp Compares or prints out terminfo descriptions

infotocap Converts aterminfo description into atermcap description
ncur sesw6-config Provides configuration information for ncurses

reset Reinitializes aterminal to its default values

tabs Clears and sets tab stops on aterminal
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tic

toe
tput

tset

i bncur sesw

l'i bncur ses++w
i bf or nw
i bmenuw

i bpanel w
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The terminfo entry-description compiler that translates a terminfo file from source format
into the binary format needed for the ncurses library routines [A terminfo file contains
information on the capabilities of a certain terminal.]

Listsall available terminal types, giving the primary name and description for each

Makes the val ues of terminal-dependent capabilities availableto the shell; it can al so be used
to reset or initialize aterminal or report its long name

Can be used to initialize terminals

Contains functions to display text in many complex ways on a terminal screen; a good
example of the use of these functions is the menu displayed during the kernel's make
menuconfig

Contains C++ binding for other libraries in this package
Contains functions to implement forms

Contains functions to implement menus

Contains functions to implement panels
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8.32. Sed-4.9

The Sed package contains a stream editor.

Approximate build time: 0.3 SBU
Required disk space: 30 MB

8.32.1. Installation of Sed
Prepare Sed for compilation:
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‘ ./configure --prefix=/usr

Compile the package and generate the HTML documentation:

make
make htm

To test the results, issue:

chown -R tester .
su tester -c "PATH=$PATH make check"

Install the package and its documentation:

make i nstal l
install -d -nv55 [ usr/ shar e/ doc/ sed-4.9
install -nb644 doc/sed.htm /usr/share/doc/sed-4.9

8.32.2. Contents of Sed

Installed program: sed
Installed directory: /usr/share/doc/sed-4.9

Short Descriptions

sed  Filtersand transforms text filesin a single pass

155



Linux From Scratch - Version 13.0-systemd

8.33. Psmisc-23.7

The Psmisc package contains programs for displaying information about running processes.

Approximate build time:  lessthan 0.1 SBU
Required disk space: 6.7 MB

8.33.1. Installation of Psmisc
Prepare Psmisc for compilation:

‘./configure - - prefix=/usr ‘

Compile the package:

‘nake ‘

To run the test suite, run:

‘nake check ‘

Install the package:

‘nake i nstall ‘

8.33.2. Contents of Psmisc
Installed programs: fuser, killall, peekfd, prtstat, pslog, pstree, and pstree.x11 (link to pstree)

Short Descriptions

fuser Reports the Process I Ds (PIDs) of processes that use the given files or file systems

killall Kills processes by name; it sendsasignal to all processes running any of the given commands
peekfd Peek at file descriptors of arunning process, given its PID

prtstat Prints information about a process

pslog Reports current logs path of a process

pstree Displays running processes as atree

pstreex1l Same as pstree, except that it waits for confirmation before exiting
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8.34. Gettext-1.0

The Gettext package contains utilities for internationalization and localization. These alow programs to be compiled
with NL S (Native Language Support), enabling them to output messages in the user's native language.

Approximate build time: 2.1 SBU
Required disk space: 447 MB

8.34.1. Installation of Gettext
Prepare Gettext for compilation:

./ configure --prefix=/usr \
--di sable-static \
--docdi r=/usr/share/ doc/gettext-1.0

Compile the package:

‘nake ‘

To test the results, issue:

‘nake check ‘

Install the package:

chnod -v 0755 /usr/|ib/prel oadable_libintl.so

make i nstal l

8.34.2. Contents of Gettext

Installed programs: autopoint, envsubst, gettext, gettext.sh, gettextize, msgattrib, msgcat, msgcmp,
msgcomm, msgconv, msgen, msgexec, msgfilter, msgfmt, msggrep, msginit, msgmerge,
msgunfmt, msguniq, ngettext, recode-sr-latin, and xgettext

Installed libraries: libasprintf.so, libgettextlib.so, libgettextpo.so, libgettextsrc.so, libtextstyle.so, and
preloadable_libintl.so
Installed directories: lusr/lib/gettext, /usr/share/doc/gettext-1.0, /usr/share/gettext, and /usr/share/gettext-1.0

Short Descriptions

autopoint Copies standard Gettext infrastructure files into a source package

envsubst Substitutes environment variables in shell format strings

gettext Trandates a natural language message into the user's language by looking up the
trandation in a message catalog

gettext.sh Primarily serves asashell function library for gettext

gettextize Copies all standard Gettext filesinto the given top-level directory of a package to begin
internationalizing it

msgattrib Filtersthe messages of atranglation catal og according to their attributes and manipul ates
the attributes

msgcat Concatenates and merges the given . po files

msgcmp Comparestwo . po filesto check that both contain the same set of msgid strings
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msgcomm
msgconv
msgen
msgexec
msgfilter
msgfmt
msggrep

msginit

msgmer ge
msgunfmt

msguniq
ngettext

recode-sr-latin
Xgettext

l'i basprintf
libgettextlib

i bgettextpo

i bgettextsrc

libtextstyle

prel oadabl e_li bi nt
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Finds the messages that are common to the given . po files
Converts atrand ation catalog to a different character encoding
Creates an English trandlation catal og

Applies acommand to all trandations of atransation catalog
Applies afilter to all trandations of atrandation catalog
Generates a binary message catalog from atrandlation catalog

Extracts all messages of a trandation catalog that match a given pattern or belong to
some given source files

Creates a new . po file, initializing the meta information with values from the user's
environment

Combines two raw tranglationsinto asinglefile
Decompiles a binary message catalog into raw trandlation text
Unifies duplicate trandations in atrandlation catalog

Displays native language translations of a textual message whose grammatical form
depends on a number

Recodes Serbian text from Cyrillic to Latin script

Extracts the trand atable message lines from the given source files to make the first
trandation template

Defines the autosprintf class, which makes C formatted output routines usable in C++
programs, for use with the <string> strings and the <iostream> streams

Contains common routines used by the various Gettext programs; these are not intended
for general use

Used to write specialized programs that process . po files; this library is used when the
standard applications shipped with Gettext (such as msgcomm, msgcmp, msgattrib,
and msgen) will not suffice

Provides common routines used by the various Gettext programs; these are not intended
for general use

Text styling library
A library, intended to be used by LD _PRELOAD, that helps1i bi nt1 log untransated
messages
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8.35. Bison-3.8.2

The Bison package contains a parser generator.

Approximate build time: 2.1 SBU
Required disk space: 63 MB

8.35.1. Installation of Bison

Prepare Bison for compilation:

‘./configure --prefix=/usr --docdir=/usr/share/doc/bison-3.8.2 ‘

Compile the package:

‘nake ‘

To test the results, issue:

‘nake check ‘

Install the package:

‘nake i nstall ‘

8.35.2. Contents of Bison

Installed programs: bison and yacc
Installed library: liby.a
Installed directory: /usr/share/bison

Short Descriptions

bison  Generates, from a series of rules, a program for analyzing the structure of text files; Bison is a replacement
for Yacc (Y et Another Compiler Compiler)

yacc A wrapper for bison, meant for programsthat still call yacc instead of bison; it calls bison with the-y option

l'i by The Yacc library containing implementations of Y acc-compatibleyyerror and mai n functions; thislibrary is
normally not very useful, but POSIX requiresit
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8.36. Grep-3.12

The Grep package contains programs for searching through the contents of files.

Approximate build time: 0.5 SBU
Required disk space: 43 MB

8.36.1. Installation of Grep

First, remove a warning about using egrep and fgrep that makes tests on some packages fail:

‘sed -i "sl/echo/ #echo/" src/egrep. sh ‘

Prepare Grep for compilation:

‘./configure - - prefix=/usr ‘

Compile the package:

‘nake ‘

To test the results, issue:

‘nake check ‘

Install the package:

‘nake i nstall ‘

8.36.2. Contents of Grep
Installed programs: egrep, fgrep, and grep
Short Descriptions

egrep  Printslines matching an extended regular expression. It is obsolete, use grep -E instead
fgrep  Printslines matching alist of fixed strings. It is obsolete, use grep -F instead
grep Prints lines matching a basic regular expression
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8.37. Bash-5.3

The Bash package contains the Bourne-Again Shell.

Approximate build time: 1.5 SBU
Required disk space: 56 MB

8.37.1. Installation of Bash
Prepare Bash for compilation:

./configure --prefix=/usr \
--w t hout - bash- mal | oc \
--with-installed-readline \
--docdi r=/usr/share/ doc/ bash-5. 3

The meaning of the new configure option:

--with-install ed-readline

This option tells Bash to use ther ead! i ne library that is already installed on the system rather than using its own
readline version.

Compile the package:

make

Skip down to “Install the package” if not running the test suite.

To prepare the tests, ensure that thet est er user can write to the sources tree:

chown -R tester .

The test suite of this package is designed to be run as a non-root user who owns the terminal connected to standard
input. To satisfy the requirement, spawn a new pseudo terminal using Expect and run the tests asthe t est er user:

LC ALL=C. UTF-8 su -s /usr/bin/expect tester << "ECF"

set timeout -1

spawn maeke tests

expect eof

lassign [wait] _ _ _ value

exit $val ue
EOF

Thetest suite uses diff to detect the difference between test script output and the expected output. Any output from diff
(prefixed with < and >) indicates atest failure, unless there is a message saying the difference can be ignored. The test
named run-bui I ti ns is known to fail on some host distros with a difference on the 479 and 480 lines of the output.
Some other tests need the zh_Tw BI s and j a_JP. sJ1 s locales, they are known to fail unless those locales are installed.

Install the package:

make i nstal l

Run the newly compiled bash program (replacing the one that is currently being executed):

exec /usr/bin/bash --1ogin

8.37.2. Contents of Bash

Installed programs: bash, bashbug, and sh (link to bash)
Installed directory: /usr/include/bash, /usr/lib/bash, and /usr/share/doc/bash-5.3
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Short Descriptions

bash A widely-used command interpreter; it performs many types of expansions and substitutions on a given
command line before executing it, thus making this interpreter a powerful tool

bashbug A shell script to help the user compose and mail standard formatted bug reports concerning bash

sh A symlink to the bash program; when invoked as sh, bash tries to mimic the startup behavior of historical
versions of sh as closely as possible, while conforming to the POSIX standard as well
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8.38. Libtool-2.5.4

The Libtool package containsthe GNU generic library support script. It makes the use of shared libraries simpler with
aconsistent, portable interface.

Approximate build time: 0.6 SBU
Required disk space: 44 MB

8.38.1. Installation of Libtool
Prepare Libtool for compilation:

‘./configure - - prefix=/usr ‘

Compile the package:

‘nake ‘

To test the results, issue:

‘nake check ‘

Install the package:

‘nake i nstall ‘

Remove a static library only useful for the test suite:

‘rn1-fv fusr/lib/libltdl.a

8.38.2. Contents of Libtool

Installed programs: libtool and libtoolize
Installed libraries: libltdl.so
Installed directories; {usr/includée/libltdl and /usr/share/libtool

Short Descriptions

libtool Provides generalized library-building support services
libtoolize Provides a standard way to add libtool support to a package
l'ibltdl Hides the various difficulties of opening dynamically loaded libraries
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8.39. GDBM-1.26

The GDBM package contains the GNU Database Manager. It is a library of database functions that uses extensible
hashing and works like the standard UNIX dbm. The library provides primitives for storing key/data pairs, searching
and retrieving the data by its key and deleting a key along with its data.

Approximate build time: 0.2 SBU
Required disk space: 13 MB

8.39.1. Installation of GDBM
Prepare GDBM for compilation:

./configure --prefix=/usr \
--di sable-static \
--enabl e- | i bgdbm conpat

The meaning of the configur e option:

--enabl e- | i bgdbm conpat

This switch enables building the libgdom compatibility library. Some packages outside of LFS may require the
older DBM routinesit provides.

Compile the package:

‘nake ‘

To test the results, issue:

‘nake check ‘

Install the package:

‘nake i nstall ‘

8.39.2. Contents of GDBM

Installed programs: gdbm_dump, gdbm_load, and gdomtool
Installed libraries: libgdbm.so and libgdbm_compat.so

Short Descriptions

gdbm_dump Dumps a GDBM database to afile

gdbm_load Recreates a GDBM database from a dump file
gdbmtool Tests and modifies a GDBM database

I i bgdbm Contains functions to manipul ate a hashed database

| i bgdbm conpat Compatibility library containing older DBM functions
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8.40. Gperf-3.3

Gperf generates a perfect hash function from akey set.

Approximate build time: 0.2 SBU
Required disk space: 12 MB

8.40.1. Installation of Gperf
Prepare Gperf for compilation:

‘./configure --prefix=/usr --docdir=/usr/share/doc/gperf-3.3 ‘

Compile the package:

‘nake ‘

To test the results, issue:

‘nake check ‘

Install the package:

‘nake i nstall ‘

8.40.2. Contents of Gperf

Installed program: gperf
Installed directory: /usr/share/doc/gperf-3.3

Short Descriptions

gperf  Generates a perfect hash from a key set
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8.41. Expat-2.7.4

The Expat package contains a stream oriented C library for parsing XML.

Approximate build time: 0.1 SBU
Required disk space: 14 MB

8.41.1. Installation of Expat
Prepare Expat for compilation:

./configure --prefix=/usr \
--di sable-static \
--docdi r=/usr/share/ doc/ expat-2.7.4

Compile the package:

‘nake

To test the results, issue:

‘nake check

Install the package:

‘nake i nst al

If desired, install the documentation:

‘install -v -nb44 doc/*.{htm,h css} /usr/share/doc/expat-2.7.4

8.41.2. Contents of Expat

Installed program: xmlwf
Installed libraries: libexpat.so
Installed directory: lusr/share/doc/expat-2.7.4

Short Descriptions

xmlwf Is anon-validating utility to check whether or not XML documents are well formed
| i bexpat Contains API functions for parsing XML
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8.42. Inetutils-2.7

The Inetutils package contains programs for basic networking.

Approximate build time: 0.3 SBU
Required disk space: 38MB

8.42.1. Installation of Inetutils
First, make the package build with gcc-14.1 or later:
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‘sed -i 's/def HAVE TERMCAP_TGETENT/ 1/' telnet/telnet.c

Prepare Inetutils for compilation:

./configure --prefix=/usr
--bi ndi r=/usr/bin
--1 ocal st at edi r =/ var
- - di sabl e-1 ogger
- - di sabl e- whoi s
--di sabl e-rcp
- -di sabl e-rexec
--di sabl e-rl ogin
--di sabl e-rsh
--di sabl e-servers

— - — - - - — —

The meaning of the configure options:

- -di sabl e- 1 ogger

This option prevents Inetutils from installing the logger program, which isused by scriptsto pass messages to the
System Log Daemon. Do not install it because Util-linux installs a more recent version.

- -di sabl e-whoi s

This option disables the building of the Inetutils whois client, which is out of date. Instructions for a better whois

client arein the BLFS book.

--di sabl e-r*

These parameters disable building obsol ete programs that should not be used due to security issues. The functions
provided by these programs can be provided by the openssh package in the BLFS book.

--di sabl e-servers

Thisdisablestheinstallation of the various network serversincluded as part of the Inetutils package. These servers
are deemed not appropriate in a basic LFS system. Some are insecure by nature and are only considered safe on
trusted networks. Note that better replacements are available for many of these servers.

Compile the package:

‘nake

To test the results, issue:

‘nake check

Install the package:

‘nake i nst al

Move a program to the proper location:

‘nv -v /usr/{,s}bin/ifconfig
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8.42.2. Contents of Inetutils

Installed programs:

Short Descriptions

dnsdomainname
ftp

hostname
ifconfig

ping

ping6

talk

telnet

tftp

traceroute

dnsdomainname, ftp, ifconfig, hostname, ping, ping6, talk, telnet, tftp, and traceroute

Show the system's DNS domain name

Isthe file transfer protocol program

Reports or sets the name of the host

Manages network interfaces

Sends echo-request packets and reports how long the replies take
A version of ping for IPv6 networks

Is used to chat with another user

Aninterface to the TELNET protocol

A trivid file transfer program

Tracestheroute your packets take from the host you are working on to another host on anetwork,
showing all the intermediate hops (gateways) along the way
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8.43. Less-692

The Less package contains atext file viewer.

Approximate build time: 0.1 SBU
Required disk space: 17 MB

8.43.1. Installation of Less

Prepare Less for compilation:

‘./configure --prefix=/usr --sysconfdir=/etc

The meaning of the configure options:

--sysconfdir=/etc

This option tells the programs created by the package to look in/ et ¢ for the configuration files.
Compile the package:

‘nake ‘

To test the results, issue:

‘nake check ‘

Install the package:

‘nake install ‘

8.43.2. Contents of Less
Installed programs: less, lessecho, and lesskey

Short Descriptions

less A file viewer or pager; it displays the contents of the given file, letting the user scroll, find strings, and
jump to marks

lessecho Needed to expand meta-characters, such as* and ?, in filenames on Unix systems
lesskey Used to specify the key bindings for less
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8.44. Perl-5.42.0

The Perl package contains the Practical Extraction and Report Language.

Approximate build time: 1.3 SBU
Required disk space: 257 MB

8.44.1. Installation of Perl

Thisversion of Perl builds the Compress::Raw::Zlib and Compress::Raw::BZip2 modules. By default Perl will use an
internal copy of the sources for the build. Issue the following command so that Perl will use the libraries installed on
the system:

export BU LD _ZLI B=Fal se
export BUI LD_BZI P2=0

To have full control over the way Perl is set up, you can remove the “-des’ options from the following command and
hand-pick the way this package is built. Alternatively, use the command exactly as shown below to use the defaults
that Perl auto-detects:

sh Configure -des

-D prefix=/usr

- D vendor prefi x=/ usr
privlib=/usr/libl/perl5/5.42/core_perl
archlib=/usr/lib/perl5/5.42/core_perl
sitelib=/usr/lib/perl5/5.42/site_perl
sitearch=/usr/lib/perl5/5.42/site_perl
vendor | i b=/usr/ i b/ perl 5/5. 42/ vendor _per|
vendor arch=/usr/1i b/ perl 5/5. 42/ vendor _per
manldi r =/ usr/ shar e/ man/ manl
man3di r =/ usr/ shar e/ man/ man3
pager="/usr/bin/less -isR'
useshrplib
uset hr eads

o o e e o e e e e e e —

lvlvivivivivivivivivlv)

The meaning of the new Configur e options:

-D pager="/usr/bin/less -isR'
Thisensuresthat | ess isused instead of nore.

-D manldi r =/ usr/share/ man/ manl - D nan3di r =/ usr/ shar e/ man/ man3
Since Groff is not installed yet, Configure will not create man pages for Perl. These parameters override this
behavior.

- D uset hreads

Build Perl with support for threads.
Compile the package:

‘nake ‘

To test the results, issue:

‘TEST_JCBS:$(npr0c) make test_harness ‘

Install the package and clean up:

make i nst al
unset BU LD ZLI B BUI LD BZI P2
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8.44.2. Contents of Perl

Installed programs:

Installed libraries:
Installed directory:

corelist, cpan, enc2xs, encguess, h2ph, h2xs, instmodsh, json pp, libnetcfg, perl,
perl5.42.0 (hard link to perl), perlbug, perldoc, perlivp, perlthanks (hard link to perlbug),
piconv, pl2pm, pod2html, pod2man, pod2text, pod2usage, podchecker, podselect, prove,
ptar, ptardiff, ptargrep, shasum, splain, xsubpp, and zipdetails

Many which cannot al be listed here

lusr/lib/perl5

Short Descriptions

corelist
cpan
enc2xs

encguess
h2ph
h2xs
instmodsh
json_pp
libnetcfg
per|
perl5.42.0
perlbug
perldoc

perlivp

perlthanks
piconv
pl2pm
pod2html
pod2man
pod2text
pod2usage
podchecker
podsel ect
prove

ptar
ptardiff

A command line front end to Module::CorelList
Interact with the Comprehensive Perl Archive Network (CPAN) from the command line

Builds a Perl extension for the Encode module from either Unicode Character Mappings or Tcl
Encoding Files

Guess the encoding type of one or several files

Converts. h C header filesto . ph Perl header files

Converts. h C header filesto Perl extensions

Shell script for examining installed Perl modules; it can create atarball from an installed module
Converts data between certain input and output formats

Can be used to configure the i bnet Perl module

Combines some of the best features of C, sed, awk and sh into a single Swiss Army language

A hard link to perl

Used to generate bug reports about Perl, or the modules that come with it, and mail them

Displays a piece of documentation in pod format that is embedded in the Perl installation tree or in
a Perl script

The Perl Installation Verification Procedure; it can be used to verify that Perl and its libraries have
been installed correctly

Used to generate thank you messages to mail to the Perl developers

A Perl version of the character encoding converter iconv

A rough tool for converting Perl4 . pi filesto Perl5. pmmodules
Converts files from pod format to HTML format

Converts pod data to formatted *roff input

Converts pod data to formatted ASCI| text

Prints usage messages from embedded pod docsin files

Checks the syntax of pod format documentation files

Displays selected sections of pod documentation

Command linetool for running tests against the Test::Harness module
A tar-like program written in Perl

A Perl program that compares an extracted archive with an unextracted one
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ptargrep
shasum
splain
xsubpp
Zipdetails
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A Perl program that applies pattern matching to the contents of filesin atar archive
Prints or checks SHA checksums

Is used to force verbose warning diagnostics in Perl

Converts Perl XS code into C code

Displays details about the internal structure of aZip file
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8.45. XML::Parser-2.47

The XML::Parser moduleis aPerl interface to James Clark's XML parser, Expat.

Approximate build time:  lessthan 0.1 SBU
Required disk space: 2.3MB

8.45.1. Installation of XML::Parser
Prepare XML ::Parser for compilation:

‘perl Makef il e. PL ‘

Compile the package:

‘ make ‘

To test the results, issue:

‘ make test ‘

Install the package:

‘ make install ‘

8.45.2. Contents of XML::Parser
Installed module: Expat.so

Short Descriptions

Expat provides the Perl Expat interface
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8.46. Intltool-0.51.0

The Intltool is an internationalization tool used for extracting translatable strings from source files.

Approximate build time:  lessthan 0.1 SBU
Required disk space: 1.5MB

8.46.1. Installation of Intltool
First fix awarning that is caused by perl-5.22 and later:

‘sed i s VAWAS{\WWAS\\{:" intltool-update.in ‘

% Note
V 4

The above regular expression looks unusual because of all the backslashes. What it does is add a backslash
before the right brace character in the sequence \${ ' resulting in \$\{".

Prepare Intltool for compilation:

‘./configure--prefix:/usr ‘

Compile the package:

‘ make ‘

To test the results, issue:

‘ make check ‘

Install the package:

make install
install -v -Dnb44 doc/| 18N-HOMO /usr/share/ doc/intltool-0.51.0/1 18N HOMO

8.46.2. Contents of Intltool

Installed programs: intltool-extract, intltool-merge, intltool-prepare, intltool-update, and intltoolize
Installed directories: /usr/share/doc/intltool-0.51.0 and /usr/share/intltool

Short Descriptions

intltoolize Prepares a package to use intltool

intltool-extract Generates header files that can be read by gettext

intltool-merge Merges trandlated strings into various file types

intltool-prepare Updates pot files and merges them with trandation files
intltool-update Updates the po template files and merges them with the trandlations
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8.47. Autoconf-2.72

The Autoconf package contains programs for producing shell scripts that can automatically configure source code.

Approximate build time:  lessthan 0.1 SBU (about 0.4 SBU with tests)
Required disk space: 25MB

8.47.1. Installation of Autoconf

Prepare Autoconf for compilation:

‘./configure--prefix=/usr ‘

Compile the package:

‘ make

To test the results, issue:

‘ make check

Install the package:

‘ make i nstal l

8.47.2. Contents of Autoconf

Installed programs: autoconf, autoheader, automd4te, autoreconf, autoscan, autoupdate, and ifnames
Installed directory: /usr/share/autoconf

Short Descriptions

autoconf

autoheader
automdte
autor econf

autoscan

autoupdate

ifnames

Produces shell scripts that automatically configure software source code packages to adapt to many
kinds of Unix-like systems; the configuration scripts it produces are independent—running them
does not require the autoconf program

A tool for creating template files of C #define statements for configure to use
A wrapper for the M4 macro processor

Automatically runs autoconf, autoheader, aclocal, automake, gettextize, and libtoolize in the
correct order to save time when changes are made to autoconf and automake template files

Helpsto createaconfi gure. i n filefor asoftware package; it examinesthe sourcefilesin adirectory
tree, searching them for common portability issues, and createsaconf i gur e. scan file that serves as
apreliminary confi gure. in file for the package

Modifiesaconfigure.in filethat still calls autoconf macros by their old names to use the current
macro names

Helps when writing confi gure.in files for a software package; it prints the identifiers that the
package uses in C preprocessor conditionals [If a package has aready been set up to have some
portability, this program can help determine what configure needs to check for. It can also fill in
gapsinaconfigure.in file generated by autoscan.]

175



Linux From Scratch - Version 13.0-systemd

8.48. Automake-1.18.1

The Automake package contains programs for generating Makefiles for use with Autoconf.
Approximate build time:  lessthan 0.1 SBU (about 1.1 SBU with tests)

Required disk space:

8.48.1. Installati

123 MB

on of Automake

Prepare Automake for compilation:

‘ ./configure --prefix=/usr --docdir=/usr/share/doc/automake-1.18.1 ‘

Compile the package:

‘ make

Using four parallel jobs speeds up the tests, even on systems with lesslogical cores, dueto internal delaysin individual
tests. To test the results, issue:

‘ make -j $(($(nproc)>4?$(nproc):4)) check

Replace s((...)) with the number of logical coresyou want to use if you don't want to use all.

Install the package:

‘ make i nstal l

8.48.2. Contents of Automake

Installed programs:
Installed directories:

Short Descriptions

aclocal
aclocal-1.18
automake

automake-1.18

aclocal, aclocal-1.18 (hard linked with aclocal), automake, and automake-1.18 (hard
linked with automake)
/usr/share/aclocal-1.18, /usr/share/automake-1.18, and /usr/share/doc/automake-1.18.1

Generates acl ocal . mt files based on the contents of confi gure.in files
A hard link to aclocal

A tool for automatically generating makefile.in files from makefile. amfiles[To create al the
makefile.in files for a package, run this program in the top-level directory. By scanning the
configure.in file it automatically finds each appropriate makefile. am file and generates the
corresponding mvakefile.in file]

A hard link to automake
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8.49. OpenSSL-3.6.1

The OpenSSL package contains management toolsand librariesrel ating to cryptography. These are useful for providing
cryptographic functions to other packages, such as OpenSSH, email applications, and web browsers (for accessing

HTTPS sites).

Approximate build time: 1.9 SBU
Required disk space: 981 MB

8.49.1. Installation of OpenSSL

Prepare OpenSSL for compilation:

Linux From Scratch - Version 13.0-systemd

./lconfig --prefix=/usr
--openssl di r=/ et c/ ssl
--libdir=lib
shar ed
zl i b-dynani c

\
\
\
\

Compile the package:

‘ make

To test the results, issue:

‘ HARNESS JOBS=$( nproc) nake test

One test, 30-test_afalg.t, is known to fail if the host kernel does not have coNFi G CRYPTO USER_API _SKCI PHER enabled,
or does not have any options providing an AES with CBC implementation (for example, the combination of conFi G
CRYPTO_AES and CONFI G_CRYPTO_CBC, Of CONFI G_CRYPTO_AES_NI _I NTEL if the CPU supports AES-NI) enabled. If it fails,

it can safely be ignored.
Install the package:

make MANSUFFI X=ssl install

sed -i '"/INSTALL_LIBS/s/libcrypto.a libssl.al//l’

Makefil e

Add the version to the documentation directory name, to be consistent with other packages:

‘ mv -v /usr/share/doc/openssl /usr/share/ doc/openssl-3.6.1

If desired, install some additional documentation:

‘ cp -vfr doc/* /usr/share/doc/openssl-3.6.1

% Note
s

Y ou should update OpenSSL when a new version which fixes vulnerabilities is announced. Since OpenSSL
3.0.0, the OpenSSL versioning scheme followsthe MAJOR.MINOR.PATCH format. API/ABI compatibility
is guaranteed for the same MAJOR version number. Because LFS installs only the shared libraries, there is
no need to recompile packages which link to 1i berypto. so Or I'i bssl . so when upgrading to a version with

the same MAJOR version number.

However, any running programs linked to those libraries need to be stopped and restarted. Read the related
entriesin Section 8.2.1, “Upgrade Issues’ for details.
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8.49.2. Contents of OpenSSL

Installed programs: c_rehash and openss
Installed libraries: libcrypto.so and libssl.so
Installed directories: letc/sdl, /usr/include/openssl, /usr/lib/engines and /usr/share/doc/openss-3.6.1

Short Descriptions

c_rehash is a Perl script that scans all filesin a directory and adds symbolic links to their hash values. Use
of ¢_rehash is considered obsolete and should be replaced by openss rehash command

openssl is a command-line tool for using the various cryptography functions of OpenSSL's crypto library
from the shell. It can be used for various functions which are documented in openssl (1)

l'i bcrypto. so implements a wide range of cryptographic agorithms used in various Internet standards. The
services provided by this library are used by the OpenSSL implementations of SSL, TLS and &
MIME, and they have al so been used to implement OpenSSH, OpenPGP, and other cryptographic
standards

l'ibssl.so implementsthe Transport Layer Security (TLSv1) protocol. It providesarich API, documentation
on which can be found in ssl(7)
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8.50. Libelf from Elfutils-0.194

Libelf isalibrary for handling ELF (Executable and Linkable Format) files.

Approximate build time: 0.1 SBU
Required disk space: 41 MB

8.50.1. Installation of Libelf
Libelf is part of the elfutils-0.194 package. Use the elfutils-0.194.tar.bz2 file as the source tarball.
Prepare Libelf for compilation:

./configure --prefix=/usr \
- - di sabl e- debugi nfod \
- -enabl e- | i bdebugi nf od=dunmy

Compile only Libelf:

make -C lib
make -C |i bel f

The test suite fails to build with glibc-2.43 or newer.
Install only Libelf:

make -C libelf install
install -vnb44 config/libelf.pc /usr/lib/pkgconfig
rm/usr/lib/libelf.a

8.50.2. Contents of Libelf

Installed library: libelf.so
Installed directory: lusr/include/elfutils

Short Descriptions

libel f.so Contains API functions to handle ELF object files
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8.51. Libffi-3.5.2

The Libffi library provides a portable, high level programming interface to various calling conventions. This alows a
programmer to call any function specified by a call interface description at run time.

FFI stands for Foreign Function Interface. An FFI allows a program written in one language to call a program written

in another language. Specifically, Libffi can provide a bridge between an interpreter like Perl, or Python, and shared
library subroutines written in C, or C++.

Approximate build time: 1.7 SBU
Required disk space: 10 MB

8.51.1. Installation of Libffi

% Note
’ 4

Like GMP, Libffi builds with optimizations specific to the processor in use. If building for another system,
change the value of the - - wi t h- gcc- ar ch= parameter in the following command to an architecture name fully
implemented by both the host CPU and the CPU on that system. If thisis not done, all applications that link
tolibffi will trigger Illegal Operation Errors. If you cannot figure out avalue safe for both the CPUs, replace
the parameter with - - wi t hout - gcc- ar ch to produce a generic library.

Prepare Libffi for compilation:

./configure --prefix=/usr \
--di sabl e-static \
--w t h-gcc-arch=nati ve

The meaning of the configur e option:

--w th-gcc-arch=native
Ensure GCC optimizesfor the current system. If thisis not specified, the system is guessed and the code generated
may not be correct. If the generated code will be copied from the native system to aless capabl e system, usetheless
capable system as a parameter. For details about alternative system types, see the x86 optionsin the GCC manual.

Compile the package:

‘nake ‘

To test the results, issue:

‘nake check ‘

Install the package:

‘nake install ‘

8.51.2. Contents of Libffi
Installed library: libffi.so

Short Descriptions

libffi Contains the foreign function interface API functions
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8.52. Sqlite-3510200

The Sqlite package is a software library that implements a self-contained, serverless, zero-configuration, transactional
SQL database engine.

Approximate build time: 0.4 SBU
Required disk space: 124 MB

8.52.1. Installation of Sqlite

Unpack the documentation:

‘tar -xf ../sqglite-doc-3510200.tar.xz

Prepare Sglite for compilation with:

./Iconfigure --prefix=/usr \
--di sable-static \
--enabl e-fts{4,5} \
CPPFLAGS="-D SQ.| TE_ENABLE_COLUVN_METADATA=1 \
-D SQLI TE_ENABLE _UNLOCK_NOTI FY=1 \
-D SQLI TE_ENABLE_DBSTAT_VTAB=1 \
-D SQ.I TE_SECURE_DELETE=1"

The meaning of the configure options:

--enabl e-fts{4, 5}
These switches enable support for version 4 and 5 of the full text search (FTS) extension.

CPPFLAGS="-D SQLI TE_ENABLE COLUWN_METADATA=1 ...

Some applications require these optionsto be turned on. The only way to do thisisto includethem inthe CFLAGS
or CPPFLAGS. We use the latter so the default value (or any value set by the user) of CFLAGS won't be affected.
For further information on what can be specified see https://www.sglite.org/compile.html.

Compile the package:

make LDFLAGS.rpat h="" ‘

The LDFLAGS. rpat h="""option prevents hard coding library search paths (rpath) into the shared library. This package
does not need rpath for an installation into the standard location, and rpath may sometimes cause unwanted effects or
even security issues.

This package does not come with atest suite.

Install the package:

‘ make i nstal l

If desired, install the documentation:

install -v -nv55 -d /usr/share/doc/sqglite-3.51.2
cp -v -R sqglite-doc-3510200/* /usr/share/doc/sqlite-3.51.2

8.52.2. Contents of Sqlite

Installed programs: sglite3
Installed libraries: libsglite3.s0
Installed directories: lusr/share/doc/sglite-3.51.2
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Short Descriptions

sglite3 is a terminal-based front-end to the SQL.ite library that can evaluate queries interactively and
display the results
libsqlite3.so contains the SQLite API functions
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8.53. Python-3.14.3

The Python 3 package contains the Python development environment. It is useful for object-oriented programming,
writing scripts, prototyping large programs, and developing entire applications. Python is an interpreted computer
language.

Approximate build time: 2.6 SBU

Required disk space: 494 MB

8.53.1. Installation of Python 3
Prepare Python for compilation:

./configure --prefix=/usr \
- - enabl e- shared \
--W t h- syst em expat \
--enabl e-optim zations \
--wi thout-static-Ilibpython

The meaning of the configure options:
-- Wi t h-syst em expat
This switch enables linking against the system version of Expat.

--enabl e-opti m zati ons
This switch enables extensive, but time-consuming, optimization steps. The interpreter is built twice; tests
performed on the first build are used to improve the optimized final version.

Compile the package:
make

Some tests are known to occasionally hang indefinitely. So to test the results, run the test suite but set a 2-minute time
limit for each test case:

make test TESTOPTS="--tinmeout 120"

For arelatively slow system you may need to increase thetime limit and 1 SBU (measured when building Binutils pass
1 with one CPU core) should be enough. Some tests are flaky, so the test suite will automatically re-run failed tests. If
atest failed but then passed when re-run, it should be considered as passed.

Install the package:

make install

We use the pip3 command to install Python 3 programs and modules for all users asroot in severa places in this
book. This conflicts with the Python developers' recommendation: to install packages into a virtua environment, or
into the home directory of aregular user (by running pip3 as this user). A multi-line warning is triggered whenever
pip3isissued by theroot user.

The main reason for the recommendation isto avoid conflicts with the system's package manager (dpkg, for example).
LFS does not have a system-wide package manager, so thisis not a problem. Also, pip3 will check for anew version
of itself whenever it's run. Since domain name resolution is not yet configured in the LFS chroot environment, pip3
cannot check for a new version of itself, and will produce awarning.

After we boot the LFS system and set up a network connection, a different warning will be issued, telling the user
to update pip3 from a pre-built wheel on PyPl (whenever a new version is available). But LFS considers pip3 to
be a part of Python 3, so it should not be updated separately. Also, an update from a pre-built wheel would deviate
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from our objective: to build a Linux system from source code. So the warning about a new version of pip3 should be
ignored as well. If you wish, you can suppress al these warnings by running the following command, which creates
aconfiguration file:

cat > /etc/pip.conf << EOF

[ gl obal ]

root-user-action = ignore

di sabl e- pi p-versi on-check = true
ECF

1 I mportant

In LFS and BLFS we normally build and install Python modules with the pip3 command. Please be sure that
thepip3install commandsin both booksarerun asther oot user (unlessit'sfor aPython virtual environment).
Running pip3 install as a non-root user may seem to work, but it will cause the installed module to be
inaccessible by other users.

pip3 install will not reinstall an already installed module automatically. When using the pip3 install
command to upgrade amodul e (for example, from meson-0.61.3 to meson-0.62.0), insert the option - - upgr ade
into the command line. If it'sreally necessary to downgrade a module, or reinstall the same version for some
reason, insert - -force-reinstal | --no-deps Into the command line.

If desired, install the preformatted documentation:

install -v -dn¥55 /usr/share/doc/python-3.14. 3/ htn

tar --strip-conponents=1 \
- - no- sane- owner \
- - no- sanme- per m ssi ons \
- C /usr/share/doc/ pyt hon-3. 14. 3/ html \
-xvf ../ python-3.14. 3-docs-htm . tar. bz2

The meaning of the documentation install commands:

- -no- same- owner and - - no- sane- perni ssi ons
Ensure the installed files have the correct ownership and permissions. Without these options, tar will install the
package files with the upstream creator's values.

8.53.2. Contents of Python 3

Installed programs. idle3, pip3, pydoc3, python3, and python3-config
Installed library: libpython3.14.s0 and libpython3.so
Installed directories: /usr/include/python3.14, /usr/lib/python3, and /usr/share/doc/python-3.14.3

Short Descriptions

idle3 is awrapper script that opens a Python aware GUI editor. For this script to run, you must have installed
Tk before Python, so that the Tkinter Python module is built.

pip3 The package installer for Python. You can use pip to install packages from Python Package Index and
other indexes.

pydoc3 is the Python documentation tool
python3 istheinterpreter for Python, an interpreted, interactive, object-oriented programming language
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8.54. Flit-Core-3.12.0
Flit-core is the distribution-building parts of Flit (a packaging tool for ssmple Python modules).

Approximate build time:  lessthan 0.1 SBU
Required disk space: 1.3MB

8.54.1. Installation of Flit-Core

Build the package:
‘pip3 wheel -w dist --no-cache-dir --no-build-isolation --no-deps $PWD ‘

Install the package:

‘pips install --no-index --find-links dist flit_core

The meaning of the pip3 configuration options and commands:

wheel
This command builds the wheel archive for this package.

-w di st

Instructs pip to put the created wheel into the di st directory.

--no-cache-dir
Prevents pip from copying the created wheel into the/r oot /. cache/ pi p directory.

install
This command installs the package.

--no-buiId-isolation,--no-deps,and--no-index
These options prevent fetching files from the online package repository (PyPl). If packages are installed in the
correct order, pip won't need to fetch any filesin thefirst place; these options add some safety in case of user error.

--find-1inks dist
Instructs pip to search for wheel archivesin thedi st directory.

8.54.2. Contents of Flit-Core
Installed directory: lust/lib/python3.14/site-packages/flit_ core  and  /ust/lib/python3.14/site-packages/
flit_core-3.12.0.dist-info
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8.55. Packaging-26.0

The packaging moduleisaPython library that provides utilitiesthat implement the interoperability specificationswhich
have clearly one correct behaviour (PEP440) or benefit greatly from having a single shared implementation (PEP425).
Thisincludes utilities for version handling, specifiers, markers, tags, and requirements.

Approximate build time:  lessthan 0.1 SBU
Required disk space: 1.6 MB

8.55.1. Installation of Packaging

Compile packaging with the following command:

‘pip3 wheel -w dist --no-cache-dir --no-build-isolation --no-deps $PWD ‘

Install packaging with the following command:

‘pips install --no-index --find-links dist packaging ‘

8.55.2. Contents of Packaging

Installed directories: lust/lib/python3.14/site-packages/packaging and  /ust/lib/python3.14/site-packages/
packaging-26.0.dist-info
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8.56. Wheel-0.46.3

Wheel isaPython library that is the reference implementation of the Python wheel packaging standard.

Approximate build time:  lessthan 0.1 SBU
Required disk space: 708 KB

8.56.1. Installation of Wheel

Compile Wheel with the following command:

‘pip3 wheel -w dist --no-cache-dir --no-build-isolation --no-deps $PWD

Install Wheel with the following command:

‘pips install --no-index --find-links dist wheel

8.56.2. Contents of Wheel

Installed program: whesel
Installed directories: {ust/lib/python3.14/site-packages/wheel and
wheel-0.46.3.dist-info

Short Descriptions

wheel  isautility to unpack, pack, or convert wheel archives
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8.57. Setuptools-82.0.0

Setuptoolsisatool used to download, build, install, upgrade, and uninstall Python packages.

Approximate build time:  lessthan 0.1 SBU
Required disk space: 22 MB

8.57.1. Installation of Setuptools
Build the package:

‘pip3 wheel -w dist --no-cache-dir --no-build-isolation --no-deps $PWD

Install the package:

‘pips install --no-index --find-links dist setuptools

8.57.2. Contents of Setuptools

Installed directory: lust/lib/python3.14/site-packages/_distutils_hack,  /usr/lib/python3.14/site-packages/
pkg_resources, /usr/lib/python3.14/site-packages/setuptools, and /usr/lib/python3.14/
site-packages/setuptools-82.0.0.dist-info
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8.58. Ninja-1.13.2

Ninjaisasmall build system with afocus on speed.

Approximate build time: 0.2 SBU
Required disk space: 43 MB

8.58.1. Installation of Ninja

When run, ninja normally utilizes the greatest possible number of processes in parallel. By default thisis the number
of cores on the system, plus two. This may overheat the CPU, or make the system run out of memory. When ninja is
invoked from the command line, passing the -jN parameter will limit the number of parallel processes. Some packages
embed the execution of ninja, and do not passthe -j parameter on to it.

Using the optional procedure below allows auser to limit the number of parallel processesviaan environment variable,
NINJAJOBS. For example, setting:

\ export N NJAJOBS=4 \

will limit ninjato four parallel processes.

If desired, make ninja recognize the environment variable NINJAJOBS by running the stream editor:

sed -i '/int Guess/a \
i nt j = 0;\
char* jobs = getenv( "N NJAJOBS' );\
if (jobs !'= NULL ) j = atoi( jobs );\

if (j >0) return j;\
' src/ninja.cc

Build Ninjawith:

‘python3 configure.py --bootstrap --verbose

The meaning of the build option:

--bootstrap
This parameter forces Ninjato rebuild itself for the current system.

--verbose
This parameter makes configur e.py show the progress building Ninja.

The package tests cannot run in the chroot environment. They require cmake. But the basic function of this packageis
already tested by rebuilding itself (with the - - boot st rap Option) anyway.

Install the package:

install -vn¥55 ninja /usr/bin/
install -vDm644 m sc/bash-conpl eti on /usr/share/ bash-conpl eti on/conpl eti ons/ ninja
install -vDnb44 m sc/zsh-conpletion /usr/share/zsh/site-functions/_ninja

8.58.2. Contents of Ninja

Installed programs: ninja

Short Descriptions

ninja  isthe Ninjabuild system
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8.59. Meson-1.10.1
Meson is an open source build system designed to be both extremely fast and as user friendly as possible.
Approximate build time:  lessthan 0.1 SBU
Required disk space: 43 MB

8.59.1. Installation of Meson

Compile Meson with the following command:

‘pip3 wheel -w dist --no-cache-dir --no-build-isolation --no-deps $PWD

The test suite requires some packages outside the scope of LFS.

Install the package:

pip3 install --no-index --find-1inks dist neson
install -vDn644 datal/shell-conpletions/bash/ meson /usr/share/bash-conpl etion/conpl eti ons/ meson
install -vDn644 datal/shell-conpletions/zsh/_meson /usr/share/zsh/site-functions/_nmeson

The meaning of the install parameters:

-w di st
Puts the created wheelsinto the di st directory.

--find-links dist
Installs wheels from the di st directory.

8.59.2. Contents of Meson

Installed programs: meson
Installed directory: lusr/lib/python3.14/site-packages/meson-1.10.1.dist-info and /ust/lib/python3.14/site-

packages/mesonbuild

Short Descriptions
meson A high productivity build system
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8.60. Kmod-34.2

The Kmod package contains libraries and utilities for loading kernel modules

Approximate build time:  lessthan 0.1 SBU
Required disk space: 6.7 MB

8.60.1. Installation of Kmod

Prepare Kmod for compilation:

nkdir -p build
cd build

nmeson setup --prefix=/usr .. \
--bui | dt ype=rel ease \
- D manpages=f al se

The meaning of the configure options:

- D manpages=f al se
This option disables generating the man pages which requires an external program.

Compile the package:

ninj a

The test suite of this package requires raw kernel headers (not the “sanitized” kernel headers installed earlier), which
are beyond the scope of LFS.

Now install the package:

ninja install

8.60.2. Contents of Kmod

Installed programs: depmod (link to kmod), insmod (link to kmod), kmod, Ismod (link to kmod), modinfo
(link to kmod), modprobe (link to kmod), and rmmod (link to kmod)
Installed library: libkmod.so

Short Descriptions

depmod Creates a dependency file based on the symbolsit finds in the existing set of modules; this dependency
fileis used by modprobe to automatically load the required modules

insmod Installs aloadable module in the running kernel
kmod L oads and unloads kernel modules
Ismod Lists currently loaded modules

modinfo Examines an object file associated with a kernel module and displays any information that it can glean
modprobe  Uses adependency file, created by depmod, to automatically load relevant modules

rmmod Unloads modules from the running kernel

| i bkrod Thislibrary is used by other programs to load and unload kernel modules
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8.61. Coreutils-9.10

The Coreutils package contains the basic utility programs needed by every operating system.

Approximate build time: 1.2 SBU
Required disk space: 188 MB

8.61.1. Installation of Coreutils

POSIX requires that programs from Coreutils recognize character boundaries correctly even in multibyte locales. The
following patch fixes this non-compliance and other internationalization-related bugs.

‘patch-l\pl-i ../coreutils-9.10-i18n-1. patch ‘

% Note

Many bugs have been found in this patch. When reporting new bugsto the Coreutils maintai ners, please check
first to seeif those bugs are reproducible without this patch.

Now prepare Coreutils for compilation:

aut oreconf -fv

aut onake - af

FORCE_UNSAFE_CONFI GURE=1 ./ configure \
- - prefix=/usr

The meaning of the commands and configure options:

autor econf -fv
The patch for internationalization has modified the build system, so the configuration files must be regenerated.
Normally we would use the-i option to update the standard auxiliary files, but for this package it does not work
because confi gure. ac specified an old gettext version.

automake -af
The automake auxiliary fileswere not updated by autor econf dueto themissing-i option. Thiscommand updates
them to prevent abuild failure.

FORCE_UNSAFE_CONFI GURE=1
This environment variable allows the package to be built by ther oot user.

Compile the package:

‘ make

Skip down to “Install the package” if not running the test suite.

Now the test suiteisready to be run. First, run the tests that are meant to be run as user r oot :

‘ make NON_ROOT_USERNAME=t est er check-r oot ‘

We're going to run the remainder of the testsasthet est er user. Certain tests require that the user be amember of more
than one group. So that these tests are not skipped, add atemporary group and make the user t est er apart of it:

‘groupadd -g 102 dumy -U tester

Fix some of the permissions so that the non-r oot user can compile and run the tests:

‘chown-Rtester . ‘
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Now run the tests (using / dev/ nul | for the standard input, or two tests may be broken if building LFS in a graphical
terminal or a session in SSH or GNU Screen because the standard input is connected to a PTY from host distro, and
the device node for such aPTY cannot be accessed from the LFS chroot environment):

su tester -c "PATH=$PATH make -k RUN_EXPENS| VE _TESTS=yes check" \
< /dev/nul |

Remove the temporary group:
groupdel dumy

Install the package:

meke i nst al

Move programs to the locations specified by the FHS:

mv -v /usr/bin/chroot /usr/sbin
mv -v /usr/share/ man/ manl/ chroot.1 /usr/share/ man/ man8/ chr oot . 8
sed -i 's/"1"/"8"/"' [usr/share/ man/ man8/ chroot. 8

8.61.2. Contents of Coreutils

Installed programs: [, b2sum, base32, base64, basename, basenc, cat, chcon, chgrp, chmod, chown, chroot,
cksum, comm, cp, csplit, cut, date, dd, df, dir, dircolors, dirname, du, echo, env, expand,
expr, factor, false, fmt, fold, groups, head, hostid, id, install, join, link, In, logname, Is,
md5sum, mkdir, mkfifo, mknod, mktemp, mv, nice, nl, nohup, nproc, numfmt, od, paste,
pathchk, pinky, pr, printenv, printf, ptx, pwd, readlink, realpath, rm, rmdir, runcon, seq,
shalsum, sha224sum, sha256sum, sha384sum, shab12sum, shred, shuf, sleep, sort, split,
stat, stdbuf, stty, sum, sync, tac, tail, tee, test, timeout, touch, tr, true, truncate, tsort, tty,
uname, unexpand, unig, unlink, users, vdir, wc, who, whoami, and yes

Installed library: libstdbuf.so (in /usr/libexec/coreutils)

Installed directory: lusr/libexec/coreutils

Short Descriptions

[ Is an actual command, /usr/bin/[; it is asynonym for the test command

base32 Encodes and decodes data according to the base32 specification (RFC 4648)

base64 Encodes and decodes data according to the base64 specification (RFC 4648)

b2sum Prints or checks BLAKEZ2 (512-bit) checksums

basename Strips any path and a given suffix from afile name

basenc Encodes or decodes data using various algorithms

cat Concatenates files to standard output

chcon Changes security context for files and directories

chgrp Changes the group ownership of files and directories

chmod Changes the permissions of each file to the given mode; the mode can be either a symbolic
representation of the changes to be made, or an octal number representing the new permissions

chown Changes the user and/or group ownership of files and directories

chroot Runs a command with the specified directory asthe/ directory
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Prints the Cyclic Redundancy Check (CRC) checksum and the byte counts of each specified file

Compares two sorted files, outputting in three columns the lines that are unique and the lines that are
common

Copiesfiles

Splits agiven file into severa new files, separating them according to given patterns or line numbers,
and outputting the byte count of each new file

Prints sections of lines, selecting the parts according to given fields or positions
Displays the current date and time in the given format, or sets the system date and time
Copies afile using the given block size and count, while optionally performing conversions on it

Reports the amount of disk space available (and used) on all mounted file systems, or only on the file
systems holding the selected files

Lists the contents of each given directory (the same as the Is command)
Outputs commands to set the Ls_caLor environment variable to change the color scheme used by Is
Extracts the directory portion(s) of the given name(s)

Reports the amount of disk space used by the current directory, by each of the given directories
(including all subdirectories) or by each of the given files

Displays the given strings

Runs a command in a modified environment

Converts tabs to spaces

Evaluates expressions

Prints the prime factors of the specified integers

Does nothing, unsuccessfully; it always exits with a status code indicating failure
Reformats the paragraphsin the given files

Wraps the lines in the given files

Reports a user's group memberships

Prints the first ten lines (or the given number of lines) of each given file

Reports the numeric identifier (in hexadecimal) of the host

Reports the effective user 1D, group 1D, and group memberships of the current user or specified user
Copies files while setting their permission modes and, if possible, their owner and group
Joinsthe lines that have identical join fields from two separate files

Creates a hard link (with the given name) to afile

Makes hard links or soft (symbolic) links between files

Reports the current user's login name

Lists the contents of each given directory

Reports or checks Message Digest 5 (MD5) checksums

Creates directories with the given names

Creates First-1n, First-Outs (FIFOs), "named pipes’ in UNIX parlance, with the given names
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mknod Creates device nodes with the given names; a device node is a character specia file, a block special
file, or aFIFO

mktemp Creates temporary filesin a secure manner; it isused in scripts

mv Moves or renames files or directories

nice Runs a program with modified scheduling priority

nl Numbers the lines from the given files

nohup Runs a command immune to hangups, with its output redirected to alog file

nproc Prints the number of processing units available to a process

numfmt Converts numbers to or from human-readabl e strings

od Dumpsfilesin octal and other formats

paste Mergesthegivenfiles, joining sequentially corresponding linesside by side, separated by tab characters

pathchk Checksif file names are valid or portable

pinky Isalightweight finger client; it reports some information about the given users

pr Paginates and columnates files for printing

printenv Prints the environment

printf Prints the given arguments according to the given format, much like the C printf function

ptx Produces a permuted index from the contents of the given files, with each keyword in its context

pwd Reports the name of the current working directory

readlink Reports the value of the given symbolic link

realpath Prints the resolved path

rm Removesfiles or directories

rmdir Removes directoriesif they are empty

runcon Runs a command with specified security context

seq Prints a sequence of numbers within a given range and with a given increment

shalsum Prints or checks 160-bit Secure Hash Algorithm 1 (SHA1) checksums

sha224sum  Printsor checks 224-bit Secure Hash Algorithm checksums
sha256sum  Printsor checks 256-bit Secure Hash Algorithm checksums
sha384sum  Prints or checks 384-bit Secure Hash Algorithm checksums
sha512sum  Printsor checks 512-bit Secure Hash Algorithm checksums

shred Overwrites the given files repeatedly with complex patterns, making it difficult to recover the data
shuf Shuffleslines of text

sleep Pauses for the given amount of time

sort Sorts the lines from the given files

split Splits the given file into pieces, by size or by number of lines

stat Displaysfile or filesystem status

stdbuf Runs commands with altered buffering operations for its standard streams
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Sets or reports terminal line settings

Prints checksum and block counts for each given file

Flushes file system buffers; it forces changed blocks to disk and updates the super block
Concatenates the given filesin reverse

Prints the last ten lines (or the given number of lines) of each given file

Reads from standard input while writing both to standard output and to the given files
Compares values and checks file types

Runs a command with atime limit

Changesfiletimestamps, setting the access and modification times of the given filesto the current time;
filesthat do not exist are created with zero length

Trand ates, squeezes, and deletes the given characters from standard input
Does nothing, successfully; it always exits with a status code indicating success
Shrinks or expands afile to the specified size

Performs a topological sort; it writes a completely ordered list according to the partial ordering in a
givenfile

Reports the file name of the terminal connected to standard input
Reports system information

Converts spaces to tabs

Discards al but one of successive identical lines

Removesthe given file

Reports the names of the users currently logged on

Isthe same asls-I

Reports the number of lines, words, and bytes for each given file, as well as grand totals when more
than onefileis given

Reports who is logged on

Reports the user name associated with the current effective user ID
Repeatedly outputsy or agiven string, until killed

Library used by stdbuf
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8.62. Diffutils-3.12

The Diffutils package contains programs that show the differences between files or directories.

Approximate build time: 0.5 SBU
Required disk space: 51 MB

8.62.1. Installation of Diffutils
Prepare Diffutils for compilation:

‘./configure - - prefix=/usr ‘

Compile the package:

‘nake ‘

To test the results, issue:

‘nake check ‘

Install the package:

‘nake i nstall ‘

8.62.2. Contents of Diffutils
Installed programs: cmp, diff, diff3, and sdiff

Short Descriptions

cmp Compares two files and reports any differences byte by byte

diff Compares two files or directories and reports which linesin the files differ
diff3 Comparesthreefilesline by line

sdiff Merges two files and interactively outputs the results
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8.63. Gawk-5.3.2

The Gawk package contains programs for manipulating text files.

Approximate build time: 0.2 SBU
Required disk space: 45MB

8.63.1. Installation of Gawk

First, ensure some unneeded files are not installed:

‘sed-i 's/extras//' Makefile.in ‘

Prepare Gawk for compilation:

‘./configure--prefix:/usr ‘

Compile the package:

‘ make ‘

To test the results, issue:

chown -R tester .
su tester -c "PATH=$PATH make check"

Install the package:

rm-f /usr/bin/gawk-5. 3.2
make instal l

The meaning of the command:

rm -f /usr/bin/gawk-5.3.2
The building system will not recreate the hard link gawk-5. 3. 2 if it already exists. Remove it to ensure that the
previous hard link installed in Section 6.9, “Gawk-5.3.2" is updated here.

The installation process aready created awk as a symlink to gawk, create its man page as a symlink as well:

‘ In -sv gawk.1 /usr/share/ man/ manl/ awk. 1 ‘

If desired, install the documentation:

‘install -vDnb644 doc/{awkforai.txt,*.{eps, pdf,jpg}} -t /usr/share/doc/gawk-5. 3.2 ‘

8.63.2. Contents of Gawk

Installed programs: awk (link to gawk), gawk, and gawk-5.3.2

Installed libraries: filefuncs.so, fnmatch.so, fork.so, inplace.so, intdiv.so, ordchr.so, readdir.so, readfile.so,
revoutput.so, revtwoway.so, rwarray.so, and time.so (all in /usr/lib/gawk)

Installed directories: lusr/lib/gawk, /usr/libexec/awk, /usr/share/awk, and /usr/share/doc/gawk-5.3.2

Short Descriptions

awk A link to gawk
gawk A program for manipulating text files; it is the GNU implementation of awk
gawk-5.3.2 A hard link to gawk
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8.64. Findutils-4.10.0

The Findutils package contains programsto find files. Programs are provided to search through all thefilesin adirectory
tree and to create, maintain, and search adatabase (often faster than the recursive find, but unreliable unlessthe database
has been updated recently). Findutils also supplies the xar gs program, which can be used to run a specified command
on each file selected by a search.

Approximate build time: 0.7 SBU
Required disk space: 62 MB

8.64.1. Installation of Findutils

Prepare Findutils for compilation:

‘ ./configure --prefix=/usr --localstatedir=/var/lib/locate

The meaning of the configure options:

--local statedir
This option moves the locate databaseto/ var/1i b/ | ocat e, which is the FHS-compliant location.

Compile the package:

‘ make

To test the results, issue:

chown -R tester .
su tester -c "PATH=$PATH make check"

Install the package:

‘ make i nstal l

8.64.2. Contents of Findutils

Installed programs: find, locate, updatedb, and xargs
Installed directory: Ivar/lib/locate

Short Descriptions

find Searches given directory trees for files matching the specified criteria

locate Searches through a database of file names and reports the names that contain a given string or match
agiven pattern

updatedb  Updatesthelocate database; it scansthe entire file system (including other file systemsthat are currently
mounted, unless told not to) and puts every file name it finds into the database

xargs Can be used to apply a given command to alist of files
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8.65. Groff-1.23.0

The Groff package contains programs for processing and formatting text and images.

Approximate build time: 0.2 SBU
Required disk space: 108 MB

8.65.1. Installation of Groff

Groff expectsthe environment variabl e PAGE to contain the default paper size. For usersinthe United States, PAGE=! et t er
isappropriate. Elsewhere, PAGE=A4 may be more suitable. Whilethe default paper sizeis configured during compilation,
it can be overridden later by echoing either “A4” or “letter” to the/ et c/ paper si ze file.

Prepare Groff for compilation:

‘ PAGE=<paper _si ze> ./configure --prefix=/usr ‘

Build the package:

‘ make

To test the results, issue:

‘ make check

Install the package:

‘ make i nstal l

8.65.2. Contents of Groff
Installed programs: addftinfo, afmtodit, chem, eqgn, egn2graph, gdiffmk, glilypond, gperl, gpinyin,

grap2graph, grn, grodvi, groff, groffer, grog, grolbp, grolj4, gropdf, grops, grotty,
hpftodit, indxbib, Ikbib, lookbib, mmroff, negn, nroff, pdfmom, pdfroff, pfbtops, pic,
pic2graph, post-grohtml, preconv, pre-grohtml, refer, roff2dvi, roff2html, roff2pdf,
roff2ps, roff2text, roff2x, soelim, thl, tfmtodit, and troff

Installed directories: lusr/lib/groff and /usr/share/doc/groff-1.23.0, /usr/share/groff

Short Descriptions

addftinfo

afmtodit
chem

egn

egn2graph
gdiffmk
glilypond
gper|
gpinyin

Reads a troff font file and adds some additional font-metric information that is used by the gr of f
system

Creates afont file for use with groff and grops
Groff preprocessor for producing chemical structure diagrams

Compiles descriptions of equations embedded within troff input files into commands that are
understood by tr off

Converts atroff EQN (eguation) into a cropped image

Marks differences between groff/nroff/troff files

Transforms sheet music written in the lilypond language into the groff language
Preprocessor for groff, allowing the insertion of perl code into groff files

Preprocessor for groff, allowing theinsertion of Pinyin (Mandarin Chinese spelled with the Roman
alphabet) into groff files.
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Converts a grap program file into a cropped bitmap image (grap is an old Unix programming
language for creating diagrams)

A groff preprocessor for gremlin files
A driver for groff that produces TeX dvi format output files

A front end to the groff document formatting system; normally, it runs the troff program and a
post-processor appropriate for the selected device

Displays groff files and man pages on X and tty terminals

Readsfilesand guesseswhich of the gr off options- e, - man, - me, - nm - ms, - p, - s, and - t arerequired
for printing files, and reports the gr off command including those options

Isagroff driver for Canon CAPSL printers (LBP-4 and LBP-8 series laser printers)
Isadriver for groff that produces output in PCL5 format suitable for an HP LaserJet 4 printer
Trand ates the output of GNU troff to PDF

Trand ates the output of GNU troff to PostScript

Trandates the output of GNU troff into aform suitable for typewriter-like devices

Creates afont file for use with groff -Tlj4 from an HP-tagged font metric file

Creates an inverted index for the bibliographic databases with a specified file for use with refer,
lookbib, and Ikbib

Searches bibliographic databases for references that contain specified keys and reports any
references found

Prints a prompt on the standard error (unless the standard input is not a terminal), reads a line
containing a set of keywords from the standard input, searches the bibliographic databases in a
specified filefor references containing those keywords, prints any referencesfound on the standard
output, and repeats this process until the end of input

A simple preprocessor for gr off
Formats equations for American Standard Code for Information Interchange (ASCII) output
A script that emulates the nroff command using gr of f

Is awrapper around groff that facilitates the production of PDF documents from files formatted
with the mom macros.

Creates pdf documents using groff
Trandates a PostScript font in . pf b format to ASCII

Compiles descriptions of pictures embedded within troff or TeX input files into commands
understood by TeX or troff

Converts a PIC diagram into a cropped image

Trandates the output of GNU troff to HTML

Converts encoding of input files to something GNU tr off understands
Trang ates the output of GNU troff to HTML

Copiesthe contents of afileto the standard output, except that linesbetween .[ and.] areinterpreted
as citations, and lines between .R1 and .R2 are interpreted as commands for how citations are to
be processed
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Transforms roff filesinto DVI format

Transforms roff filesinto HTML format

Transforms roff filesinto PDFs

Transforms roff filesinto psfiles

Transforms roff filesinto text files

Transforms roff files into other formats

Reads files and replaces lines of the form .so file by the contents of the mentioned file

Compiles descriptions of tables embedded within troff input files into commands that are
understood by tr off

Creates afont file for use with groff -Tdvi

Ishighly compatiblewith Unix troff; it should usually beinvoked using the gr off command, which
will also run preprocessors and post-processors in the appropriate order and with the appropriate
options
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8.66. GRUB-2.14

The GRUB package contains the GRand Unified Bootloader.

Approximate build time: 0.3 SBU
Required disk space: 202 MB

8.66.1. Installation of GRUB

% Note

If your system has UEFI support and you wish to boot LFS with UEFI, you need to install GRUB with UEFI
support (and its dependencies) by following the instructions on the BLFS page. Y ou may skip this package,
or install this package and the BLFS GRUB for UEFI package without conflict (the BLFS page provides
instructions for both cases).

. Warning

Unset any environment variables which may affect the build:

\ unset {C, CPP, CXX, LD} FLAGS ‘

Don't try “tuning” this package with custom compilation flags. This package is a bootloader. The low-level
operations in the source code may be broken by aggressive optimization.

First fix abug introduced in grub-2.14:

‘sed 's/--image- base/ - - nonexi st-1inker-option/' -i configure

Prepare GRUB for compilation:

./configure --prefix=/usr \
--sysconfdir=/etc \
--di sabl e-efiemu \
- - di sabl e-werror

The meaning of the new configure options:

- -di sabl e-werror
This allows the build to complete with warnings introduced by more recent versions of Flex.

--di sabl e-efi enu
Thisoption minimizeswhat isbuilt by disabling afeature and eliminating some test programs not needed for LFS.

Compile the package:

‘nake ‘

Thetest suite for this packagesis not recommended. Most of the tests depend on packages that are not available in the
limited LFS environment. To run the tests anyway, run make check.

Install the package:

‘nake i nstall ‘

Making your LFS system bootable with GRUB will be discussed in Section 10.4, “Using GRUB to Set Up the Boot
Process.”
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8.66.2. Contents of GRUB

Installed programs: grub-bios-setup, grub-editenv, grub-file, grub-fstest, grub-glue-efi, grub-install, grub-
kbdcomp, grub-macbless, grub-menulst2cfg, grub-mkconfig, grub-mkimage, grub-
mklayout, grub-mknetdir, grub-mkpasswd-pbkdf2, grub-mkrelpath, grub-mkrescue,
grub-mkstandal one, grub-of pathname, grub-probe, grub-reboot, grub-render-label, grub-
script-check, grub-set-default, grub-sparc64-setup, and grub-syslinux2cfg

Installed directories: lusr/lib/grub, /etc/grub.d, /usr/share/grub, and /boot/grub (when grub-install is first run)

Short Descriptions

grub-bios-setup Is a helper program for grub-install

grub-editenv Isatool to edit the environment block

grub-file Checksto seeif the given file is of the specified type

grub-fstest Isatool to debug the file system driver

grub-glue-efi Glues 32-bit and 64-bit binariesinto asingle file (for Apple machines)

grub-install Installs GRUB on your drive

grub-kbdcomp Isascript that converts an xkb layout into one recognized by GRUB

grub-macbless Is the Mac-style bless for HFS or HFS+ file systems (bless is peculiar to Apple
machines; it makes a device bootable)

grub-menulst2cfg Convertsa GRUB Legacy rmenu. | st into agrub. cf g for use with GRUB 2

grub-mkconfig Generates agrub. cf g file

grub-mkimage Makes a bootable image of GRUB

grub-mklayout Generates a GRUB keyboard layout file

grub-mknetdir Prepares a GRUB netboot directory

grub-mkpasswd-pbkdf2 Generates an encrypted PBKDF2 password for use in the boot menu

grub-mkrelpath Makes a system pathname relative to its root

grub-mkrescue M akes abootableimage of GRUB suitablefor afloppy disk, COROM/DVD, or aUSB
drive

grub-mkstandalone Generates a standalone image

grub-ofpathname Is a helper program that prints the path to a GRUB device

grub-probe Probes device information for a given path or device

grub-reboot Sets the default boot entry for GRUB for the next boot only

grub-render-label Renders Apple .disk_label for Apple Macs

grub-script-check Checks the GRUB configuration script for syntax errors

grub-set-default Sets the default boot entry for GRUB

gr ub-spar c64-setup Is a helper program for grub-setup

grub-syslinux2cfg Transforms a syslinux config file into grub.cfg format
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8.67. Gzip-1.14

The Gzip package contains programs for compressing and decompressing files.

Approximate build time: 0.1 SBU
Required disk space: 21 MB

8.67.1. Installation of Gzip
Prepare Gzip for compilation:

‘ ./configure --prefix=/usr

Compile the package:

‘ make

To test the results, issue:

‘ make check

Install the package:

‘ make i nstal l

8.67.2. Contents of Gzip

Installed programs: gunzip, gzexe, gzip, uncompress (hard link with gunzip), zcat, zcmp, zdiff, zegrep,
zfgrep, zforce, zgrep, zless, zmore, and znew

Short Descriptions

gunzip Decompresses gzipped files

gzexe Creates self-decompressing executabl e files

gzip Compresses the given files using Lempel-Ziv (LZ77) coding

uncompress Decompresses compressed files

zcat Decompresses the given gzipped files to standard output

zcmp Runs cmp on gzipped files

zdiff Runs diff on gzipped files

zegrep Runs egrep on gzipped files

zfgrep Runs fgrep on gzipped files

zforce Forces a. gz extension on all given files that are gzipped files, so that gzip will not compress them
again; this can be useful when file names were truncated during afile transfer

zgrep Runs grep on gzipped files

Zless Runs less on gzipped files

zmore Runs mor e on gzipped files

zZnew Re-compresses files from compress format to gzip format—. z to . gz
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8.68. IPRoute?2-6.18.0

The IPRoute2 package contains programs for basic and advanced 1PV 4-based networking.

Approximate build time: 0.1 SBU
Required disk space: 17 MB

8.68.1. Installation of IPRoute2

The arpd program included in this package will not be built since it depends on Berkeley DB, which is not installed
in LFS. However, a directory and a man page for arpd will still be installed. Prevent this by running the commands
shown below.

sed -i /ARPD/d Makefile
rm-fv man/ man8/ ar pd. 8

Compile the package:

‘ make NETNS_RUN DI R=/run/ net ns

This package does not have aworking test suite.

Install the package:

‘ make SBI NDI R=/ usr/sbin install ‘

If desired, install the documentation:

‘ install -vDm644 COPYI NG README* -t /usr/share/doc/iproute2-6.18.0 ‘

8.68.2. Contents of IPRoute2

Installed programs: bridge, ctstat (link to Instat), genl, ifstat, ip, Instat, nstat, routel, rtacct, rtmon, rtpr, rtstat
(link to Instat), ss, and tc
Installed directories: letc/iproute2, /usr/lib/tc, and /usr/share/doc/iproute2-6.18.0

Short Descriptions

bridge  Configures network bridges
ctstat Connection status utility

genl Generic netlink utility front end
ifstat Shows interface statistics, including the number of packets transmitted and received, by interface
ip The main executable. It has several different functions, including these:

ip link <devi ce> alows usersto ook at the state of devices and to make changes
ip addr allows usersto look at addresses and their properties, add new addresses, and delete old ones

ip neighbor alows users to look at neighbor bindings and their properties, add new neighbor entries, and
delete old ones

ip rule allows usersto look at the routing policies and change them

ip route allows usersto look at the routing table and change routing table rules

ip tunnel allows usersto look at the I P tunnels and their properties, and change them

ip maddr allows usersto look at the multicast addresses and their properties, and change them
ip mroute allows usersto set, change, or delete the multicast routing
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ip monitor allows users to continuously monitor the state of devices, addresses and routes

Provides Linux network statistics; it is a generalized and more feature-compl ete replacement for the old
rtstat program

Displays network statistics

A component of ip route, for listing the routing tables
Displays the contents of / proc/ net/rt_acct

Route monitoring utility

Converts the output of ip -0 into areadable form

Route status utility

Similar to the netstat command; shows active connections

Traffic control for Quality of Service (QoS) and Class of Service (CoS) implementations
tc qdisc allows usersto set up the queueing discipline

tc class allows users to set up classes based on the queueing discipline scheduling
tcfilter allows usersto set up the QoS/CoS packet filtering

tc monitor can be used to view changes made to Traffic Control in the kernel.
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8.69. Kbd-2.9.0

The Kbd package contains key-table files, console fonts, and keyboard utilities.

Approximate build time: 0.1 SBU
Required disk space: 37 MB

8.69.1. Installation of Kbd

The behavior of the backspace and delete keysis not consistent across the keymaps in the Kbd package. The following
patch fixes this issue for 1386 keymaps:

patch -Npl -i ../kbd-2.9.0-backspace-1. patch ‘

After patching, the backspace key generates the character with code 127, and the delete key generates a well-known
escape sequence.

Remove the redundant r esizecons program (it requires the defunct svgalib to provide the video mode files - for normal
use setfont sizes the console appropriately) together with its manpage.

sed -i '/ RESI ZECONS PROGS=/s/yes/ no/' configure
sed -i 's/resizecons.8 //' docs/ man/ nan8/ Makefile.in

Prepare Kbd for compilation:

‘ ./configure --prefix=/usr --disable-vlock

The meaning of the configur e option:

--di sabl e- vl ock

This option prevents the vlock utility from being built because it requires the PAM library, which isn't available
in the chroot environment.

Compile the package:

‘ make ‘

To test the results, issue:

‘ make check ‘

Install the package:

‘ make install ‘

% Note
s

For some languages (e.g., Belarusian) the Kbd package doesn't provide a useful keymap where the stock
“by” keymap assumes the 1SO-8859-5 encoding, and the CP1251 keymap is normally used. Users of such
languages have to download working keymaps separately.

If desired, install the documentation:

‘ cp -R -v docs/doc -T /usr/share/doc/kbd-2.9.0
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8.69.2. Contents of Khd

Installed programs:

Installed directories:

Short Descriptions

chvt
deallocvt
dumpkeys
fgconsole
getkeycodes
kbdinfo
kbd_mode
kbdrate
loadkeys
loadunimap
mapscrn

openvt
psfaddtable
psfgettable
psfstriptable
psfxtable
setfont

setkeycodes

setleds
setmetamode
setvtrgb
showconsolefont
showkey
unicode_start

unicode_stop

chvt, deallocvt, dumpkeys, fgconsole, getkeycodes, kbdinfo, kbd_mode, kbdrate,
loadkeys, loadunimap, mapscrn, openvt, psfaddtable (link to psfxtable), psfgettable (link
to psfxtable), psfstriptable (link to psfxtable), psfxtable, setfont, setkeycodes, setleds,
setmetamode, setvtrgb, showconsolefont, showkey, unicode_start, and unicode_stop
lusr/share/consolefonts, /usr/share/consoletrans, /usr/share/keymaps, /usr/share/doc/
kbd-2.9.0, and /usr/share/unimaps

Changes the foreground virtual terminal

Deallocates unused virtual terminals

Dumps the keyboard translation tables

Prints the number of the active virtual terminal

Prints the kernel scancode-to-keycode mapping table
Obtains information about the status of a console
Reports or sets the keyboard mode

Sets the keyboard repeat and delay rates

L oads the keyboard translation tables

L oads the kernel unicode-to-font mapping table

An obsolete program that used to load a user-defined output character mapping table into the
console driver; thisis now done by setfont

Starts a program on anew virtual terminal (VT)

Adds a Unicode character table to a console font

Extracts the embedded Unicode character table from a console font
Removes the embedded Unicode character table from a console font
Handles Unicode character tables for console fonts

Changes the Enhanced Graphic Adapter (EGA) and Video Graphics Array (VGA) fonts on
the console

Loads kernel scancode-to-keycode mapping table entries; this is useful if there are unusual
keys on the keyboard

Sets the keyboard flags and Light Emitting Diodes (LEDS)

Defines the keyboard meta-key handling

Sets the console color map in all virtual terminals

Shows the current EGA/V GA console screen font

Reports the scancodes, keycodes, and ASCII codes of the keys pressed on the keyboard

Puts the keyboard and console in UNICODE mode [Don't use this program unless your
keymap fileisin the | SO-8859-1 encoding. For other encodings, this utility producesincorrect
results.]

Reverts keyboard and console from UNICODE mode
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8.70. Libpipeline-1.5.8

The Libpipeline package containsalibrary for manipul ating pipelines of subprocessesin aflexible and convenient way.

Approximate build time: 0.1 SBU
Required disk space: 10 MB

8.70.1. Installation of Libpipeline
Prepare Libpipeline for compilation:

‘./configure--prefix=/usr ‘

Compile the package:

‘ make ‘

The tests require the Check library that we've removed from LFS.
Install the package:

‘ make i nstal l

8.70.2. Contents of Libpipeline
Installed library: libpipeline.so

Short Descriptions

l'i bpi pel i ne Thislibrary is used to safely construct pipelines between subprocesses

210



Linux From Scratch - Version 13.0-systemd

8.71. Make-4.4.1

The Make package contains a program for controlling the generation of executables and other non-source files of a
package from source files.

Approximate build time: 0.6 SBU
Required disk space: 13 MB

8.71.1. Installation of Make
Prepare Make for compilation:

‘./configure--prefix=/usr ‘

Compile the package:

‘ make ‘

To test the results, issue:

chown -R tester .
su tester -c "PATH=$PATH make check"

Install the package:

‘ make i nstal l

8.71.2. Contents of Make
Installed program: make

Short Descriptions

make Automatically determines which pieces of a package need to be (re)compiled and then issues the relevant
commands
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8.72. Patch-2.8

The Patch package contains a program for modifying or creating files by applying a “patch” file typically created by
the diff program.

Approximate build time: 0.1 SBU
Required disk space: 14 MB

8.72.1. Installation of Patch
Prepare Patch for compilation:

‘ ./configure --prefix=/usr

Compile the package:

‘ make

To test the results, issue:

‘ make check

Install the package:

‘ make i nstal l

8.72.2. Contents of Patch
Installed program: patch

Short Descriptions

patch  Maodifies files according to a patch file (A patch file is normally a difference listing created with the diff
program. By applying these differences to the original files, patch creates the patched versions.)
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8.73. Tar-1.35

The Tar package provides the ability to create tar archives as well as perform various other kinds of archive
manipulation. Tar can be used on previously created archives to extract files, to store additional files, or to update or
list files which were already stored.

Approximate build time: 0.6 SBU
Required disk space: 43 MB

8.73.1. Installation of Tar

Prepare Tar for compilation:

FORCE_UNSAFE_CONFI GURE=1 \
./configure --prefix=/usr

The meaning of the configur e option:

FORCE_UNSAFE_CONFI GURE=1

This forces the test for nmknod to be run asroot . It is generally considered dangerous to run this test as the r oot
user, but asit is being run on a system that has only been partially built, overriding it is OK.

Compile the package:

‘nake ‘

To test the results, issue:

‘nake check ‘

Onetest, capabilities: binary store/restore, is known to fail if it isrun because LFS lacks selinux, but will be skipped if
the host kernel does not support extended attributes or security labels on the filesystem used for building LFS.

Install the package:

make i nst al
make -C doc install-htm docdir=/usr/share/doc/tar-1.35

8.73.2. Contents of Tar

Installed programs: tar
Installed directory: /usr/share/doc/tar-1.35

Short Descriptions

tar Creates, extracts files from, and lists the contents of archives, also known as tarballs
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8.74. Texinfo-7.2

The Texinfo package contains programs for reading, writing, and converting info pages.

Approximate build time: 0.3 SBU
Required disk space: 160 MB

8.74.1. Installation of Texinfo
Fix a code pattern that causes Perl-5.42 or |ater to display awarning:

‘sed "s/! $output_file eq/$output_file ne/' -i tp/Texinfo/ Convert/*.pm

Prepare Texinfo for compilation:

‘./configure - - prefix=/usr ‘

Compile the package:

‘nake ‘

To test the results, issue:

‘nake check ‘

Install the package:

‘nake i nstall ‘

Optionally, install the components belonging in aTeX installation:

‘nake TEXMF=/ usr/share/texnf install-tex

The meaning of the make parameter:

TEXMF=/ usr/ shar e/ t exnf

The TeExMe makefile variable holds the location of the root of the TeX tree if, for example, a TeX package will
beinstaled later.

The Info documentation system uses aplain text file to hold its list of menu entries. Thefileislocated at / usr/ shar e/
i nfo/ di r. Unfortunately, due to occasiona problems in the Makefiles of various packages, it can sometimes get out
of sync with the info pages installed on the system. If the / usr/share/info/dir file ever needs to be recreated, the
following optional commands will accomplish the task:

pushd /usr/share/info
rm-v dir
for f in *
do install-info $f dir 2>/dev/nul
done
popd

8.74.2. Contents of Texinfo

Installed programs: info, install-info, makeinfo (link to texi2any), pdftexi2dvi, pod2texi, texi2any, texi2dvi,
texi2pdf, and texindex

Installed library: MiscX S.so, Parsetexi.so, and X SParagraph.so (all in /ust/lib/texinfo)

Installed directories: lusr/share/texinfo and /usr/lib/texinfo
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Short Descriptions

info

install-info
makeinfo
pdftexi2dvi
pod2texi
texi2any
texi2dvi
texi2pdf
texindex

Used to read info pages which are similar to man pages, but often go much deeper than just
explaining all the available command line options [For example, compare man bison and info
bison.]

Used to install info pages; it updates entriesin the info index file

Trand ates the given Texinfo source documents into info pages, plain text, or HTML

Used to format the given Texinfo document into a Portable Document Format (PDF) file
Converts Pod to Texinfo format

Tranglate Texinfo source documentation to various other formats

Used to format the given Texinfo document into a device-independent file that can be printed
Used to format the given Texinfo document into a Portable Document Format (PDF) file
Used to sort Texinfo index files
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8.75. Vim-9.2.0078

The Vim package contains a powerful text editor.

Approximate build time: 3.2 SBU
Required disk space: 217 MB

Alternativesto Vim

If you prefer another editor—such as Emacs, Joe, or Nano—please refer to https://www.linuxfromscratch.
org/blfs/view/13.0-systemd/postlfs/editors.html for suggested installation instructions.

8.75.1. Installation of Vim

First, change the default location of the vi mr ¢ configuration fileto/ et c:

‘ echo '#define SYS VIMRC FILE "/etc/vimc"' >> src/feature.h ‘

Prepare Vim for compilation:

‘./configure--prefix:/usr ‘

Compile the package:

make ‘

To prepare the tests, ensure that user t est er can write to the source tree and exclude one file containing tests requiring
curl or wget:

chown -R tester .
sed '/test_plugin_glvs/d -i src/testdir/Mke_all. mk

Now runthetestsasuser tester:

su tester -c "TERM=xterm 256col or LANG=en_US. UTF-8 nake -j1 test" \
& vimtest.| og

The test suite outputs a lot of binary datato the screen. This can cause issues with the settings of the current terminal
(especialy while we are overriding the TErv variable to satisfy some assumptions of the test suite). The problem can
be avoided by redirecting the output to alog file as shown above. A successful test will result in the words ALL DONE
in thelog file at completion.

Two tests, Test_client_server_stopinsert() and Test_popup_setbuf(), are known to fail on some systems.
Install the package:

make i nstal l

Many users reflexively type vi instead of vim. To allow execution of vim when users habitually enter vi, create a
symlink for both the binary and the man page in the provided languages:

In -sv vim/usr/bin/vi

for L in /usr/share/man/{,*/}manl/vim1; do
In -sv vim21 $(dirname $L)/vi.1

done

By default, Vim'sdocumentation isinstalled in/ usr/ shar e/ vi m Thefollowing symlink allows the documentation to be
accessed via/ usr/ shar e/ doc/ vi m 9. 2. 0078, making it consistent with thelocation of documentation for other packages:

In -sv ../vimvin2/doc /usr/share/doc/vim9.2. 0078 ‘
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If an X Window System isgoing to beinstalled on the LFS system, it may be necessary to recompile Vim after installing
X. Vim comes with a GUI version of the editor that requires X and some additional libraries to be installed. For more
information on this process, refer to the Vim documentation and the Vim installation page in the BLFS book at https://
www.linuxfromscratch.or g/blfs/view/13.0-systemd/postl fs/vim.html .

8.75.2. Configuring Vim

By default, vim runs in vi-incompatible mode. This may be new to users who have used other editors in the past. The
“nocompatible” setting is included below to highlight the fact that a new behavior isbeing used. It also reminds those
who would change to “compatible’” mode that it should be the first setting in the configuration file. Thisis necessary
because it changes other settings, and overrides must come after this setting. Create a default vim configuration file
by running the following:

cat > /etc/vinrc << "EOF"
" Begin /etc/vimc

" Ensure defaults are set before custom zing settings, not after
source $VI MRUNTI ME/ def aul ts. vi m
| et skip_defaults_vinrl

set noconpati bl e
set backspace=2

set nouse=

syntax on

if (&erm=="xternm') || (& erm== "putty")
set background=dar k

endi f

" End /etc/vimec
EOF

The set noconpati bl e setting makes vim behave in a more useful way (the default) than the vi-compatible manner.
Remove the “no” to keep the old vi behavior. The set backspace=2 setting allows backspacing over line breaks,
autoindents, and the start of an insert. The syntax on parameter enables vim's syntax highlighting. The set nouse=
setting enables proper pasting of text with the mouse when working in chroot or over aremote connection. Finally, the
if statement with the set backgr ound=dar k Setting corrects vim's guess about the background color of some terminal
emulators. This gives the highlighting a better color scheme for use on the black background of these programs.

Documentation for other available options can be obtained by running the following command:

vim-c ':options'

% Note
V 4

By default, vim only installs spell-checking files for the English language. To install spell-checking files for
your preferred language, copy the. spl and optionally, the. sug filesfor your language and character encoding
fromruntime/ spel | INtO /usr/share/ vini vi B2/ spel | /.

To use these spell-checking files, some configuration in/ et ¢/ vi nr ¢ is needed, e.g.:

set spel |l ang=en, ru
set spell

For more information, seerunti ne/ spel | / READVE. t xt .
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8.75.3. Contents of Vim

Installed programs: ex (link to vim), rview (link to vim), rvim (link to vim), vi (link to vim), view (link to
vim), vim, vimdiff (link to vim), vimtutor, and xxd
Installed directory: Jusr/share/lvim

Short Descriptions

ex Starts vim in ex mode

rview Isarestricted version of view; no shell commands can be started and view cannot be suspended
rvim Isarestricted version of vim; no shell commands can be started and vim cannot be suspended
Vi Link tovim

view Starts vim in read-only mode

vim Is the editor

vimdiff Edits two or three versions of afile with vim and shows differences

vimtutor Teaches the basic keys and commands of vim

xxd Creates a hex dump of the given file; it can also perform the inverse operation, so it can be used for
binary patching
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8.76. MarkupSafe-3.0.3

MarkupSafe is a Python module that implements an XML/HTML/XHTML Markup safe string.

Approximate build time:  lessthan 0.1 SBU
Required disk space: 692 KB

8.76.1. Installation of MarkupSafe

Compile MarkupSafe with the following command:

‘pip3 wheel -w dist --no-cache-dir --no-build-isolation --no-deps $PWD

This package does not come with atest suite.

Install the package:

‘pips install --no-index --find-links dist Markupsafe

8.76.2. Contents of MarkupSafe
Installed directory: lusr/lib/python3.14/site-packages/M arkupSafe-3.0.3.dist-info
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8.77. Jinja2-3.1.6

Jinja2 is a Python module that implements a simple pythonic template language.

Approximate build time:  lessthan 0.1 SBU
Required disk space: 2.7MB

8.77.1. Installation of Jinja2
Build the package:

‘pip3 wheel -w dist --no-cache-dir --no-build-isolation --no-deps $PWD

Install the package:

‘pips install --no-index --find-links dist Jinja2

8.77.2. Contents of Jinja2
Installed directory: /ust/lib/python3.14/site-packages/Jinja2-3.1.6.dist-info
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8.78. Systemd-259.1

The systemd package contains programs for controlling the startup, running, and shutdown of the system.

Approximate build time: 1.1 SBU
Required disk space: 349 MB

8.78.1. Installation of systemd

Remove two unneeded groups, render and sgx, from the default udev rules:

sed -e 's/ GROUP="render"/ GROUP="vi deo"/"' \
-e 's/ GROUP="sgx", [/’ \
-i rules.d/50-udev-default.rules.in

Prepare systemd for compilation:

nkdir -p build
cd bui l d

neson setup .
- - prefix=/usr
--bui | dt ype=rel ease
-D def aul t-dnssec=no
-D firstboot=fal se
D install-tests=fal se
D | dconfi g=f al se
D sysusers=fal se
D r pnmacr osdi r =no
D honed=di sabl ed
- D man=di sabl ed
- D node=r el ease
D pantonfdir=no
D dev- kvm node=0660
D nobody- gr oup=nogr oup
D sysupdat e=di sabl ed
D uki f y=di sabl ed \
D docdi r=/usr/share/ doc/ syst end- 259. 1

\
\
\
\
\
\
\
\
\
\
\
\
\
\
\
\

The meaning of the meson options.

--bui | dtype=rel ease

This switch overrides the default buildtype (“ debug”), which produces unoptimized binaries.

-D defaul t-dnssec=no

This switch turns off the experimental DNSSEC support.

-D firstboot =fal se
This switch preventsinstallation of systemd services responsible for setting up the system for thefirst time. These
are not useful in LFS, because everything is done manually.

-Dinstall-tests=fal se

This switch prevents installation of the compiled tests.

-D I dconfi g=f al se

This switch prevents installation of a systemd unit that runs Idconfig at boot; this is not useful for source
distributions such as LFS, and makes the boot time longer. Remove this option to enable running ldconfig at boot.
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-D sysusers=fal se
This switch prevents installation of systemd services responsible for setting up the / et ¢/ group and / et ¢/ passwd
files. Both files were created in the previous chapter. This daemon is not useful on an LFS system since user
accounts are manually created.

-D r pmmacr osdi r =no

This switch disables installation of RPM Macros for use with systemd, because LFS does not support RPM.

- D honmed=di sabl ed
Remove a daemon which has dependencies that do not fit within the scope of LFS.

- D man=di sabl ed
Prevent the generation of man pages to avoid extra dependencies. We will install pre-generated man pages for
systemd from atarball.

- D node=r el ease
Disable some features considered experimental by upstream.

- D pantonfdir=no

Prevent the installation of a PAM configuration file not functional on LFS.

-D dev- kvm nbde=0660

The default udev rule would allow all users to access / dev/ kvm The editors consider it dangerous. This option
overridesit.

- D nobody- gr oup=nogr oup
Tell the package the group name with GID 65534 iS nogr oup.

- D sysupdat e=di sabl ed
Do not install the systemd-sysupdatetool. It's designed for automatically upgrading binary distros, soit's useless
for a basic Linux system built from source. And it will report errors on boot if it's enabled but not properly
configured.

-D uki fy=di sabl ed
Do not install the systemd-ukify script. At runtime this script requires the pefile Python module that neither LFS
nor BLFS provides.

Compile the package:

‘ninja ‘

Onetest createsamount point in/ t np that we cannot clean up so easily after running the test suite, and some tests need
abasic/etc/os-rel ease file. To test the results, create this file and run the test suite in a separate mount namespace
(so the mount point isonly visible for the test suite and it gets cleaned up automatically after the test suite finishes):

echo ' NAME="Li nux From Scratch"' > /etc/os-rel ease
unshare -mninja test

One test named syst emd: core / test-nanespace IS known to fail in the LFS chroot environment. Some other tests
may fail because they depend on various kernel configuration options. The test named syst emd: test / test-copy may
time out due to an I/O congestion with a large parallel job number, but it would pass if running alone with meson
test test-copy.

Install the package:

‘ninja instal l
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tar -xf ../../systend- man-pages-259.1.tar.xz \
- - no- same- owner --strip-conponent s=1 \

-C /usr/share/ man

Create the/ et c/ machi ne-i d file needed by systemd-journald:

syst end- nachi ne-i d- set up

Set up the basic target structure:

systentt!| preset-all

8.78.2. Contents of systemd

Installed programs:

Installed libraries:

Installed directories:

Short Descriptions

bootctl
busctl
coredumpctl
halt

hostnamectl
init

bootctl, busctl, coredumpctl, halt (symlink to systemctl), hostnamectl, init, journalctl,
kernel-install, localectl, loginctl, machinectl, mount.ddi (symlink to systemd-dissect),
networkctl, oomctl, portablectl, poweroff (symlink to systemctl), reboot (symlink to
systemctl), resolvconf (symlink to resolvectl), resolvectl, runO (symlink to systemd-run),
runlevel (symlink to systemctl), shutdown (symlink to systemctl), systemctl, systemd-
ac-power, systemd-analyze, systemd-ask-password, systemd-cat, systemd-cgls, systemd-
cgtop, systemd-confext (symlink to systemd-sysext), systemd-creds, systemd-delta,
systemd-detect-virt, systemd-dissect, systemd-escape, systemd-hwdb, systemd-id128,
systemd-inhibit, systemd-machine-id-setup, systemd-mount, systemd-notify, systemd-
nspawn, systemd-path, systemd-pty-forward, systemd-repart, systemd-resolve (symlink
to resolvectl), systemd-run, systemd-socket-activate, systemd-stdio-bridge, systemd-
sysext, systemd-tmpfiles, systemd-tty-ask-password-agent, systemd-vpick, systemd-
umount (symlink to systemd-mount), timedatectl, udevadm, userdbctl, and varlinkctl
libnss_myhostname.so.2, libnss_ mymachines.so.2, libnss _resolve.so.2,
libnss_systemd.so.2, libsystemd.so, libsystemd-shared-259.1.s0 (in /usr/lib/systemd),
and libudev.so

letc/binfmt.d, /etc/init.d, /etc/kernel, /etc/modules-load.d, /etc/sysctl.d, /etc/systemd, /
etc/tmpfiles.d, /etc/udev, /etc/xdg/systemd, /usr/include/systemd, /usr/lib/binfmt.d, /
usr/lib/credstore, /usr/lib/environment.d, /usr/lib/kernel, /usr/lib/modprobe.d, /usr/lib/
modules-load.d, /usr/lib/systemd, /usr/lib/udev, /usr/lib/sysctl.d, /usr/lib/systemd, /usr/
lib/tmpfiles.d, /usr/share/doc/systemd-259.1, /usr/share/factory, /usr/share/systemd, /var/
lib/systemd, and /var/log/journal

Is used to control EFI firmware boot settings on a system
Is used to introspect and monitor the D-Bus bus
Is used to retrieve coredumps from the systemd journal

Normally invokes shutdown with the - h option, except when aready
inrun-level 0, when it tellsthe kernel to halt the system; it notesin the
file/var/1 og/ wt mp that the system is being brought down

Is used to query and change the system hostname and related settings

Is the first process to be started after the kernel has initialized the
hardware; init takes over the boot process and starts the processes
specified by its configuration files; in this case, it starts systemd
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journalctl
kernel-install

localectl

loginctl
machinectl

networ kctl

oomctl
portablectl
power of f

r eboot
r esolvconf

r esolvectl
run0
runlevel
shutdown
systemctl

systemd-ac-power
systemd-analyze

systemd-ask-password
systemd-cat
systemd-cgls
systemd-cgtop

systemd-creds
systemd-delta
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Is used to query the contents of the systemd journal

Is used to add and remove kernel and initramfs images to and from /
boot; in LFS, thisis done manually

Is used to query and change the system locale and keyboard layout
settings
Isused to introspect and control the state of the systemd L ogin Manager

Is used to introspect and control the state of the systemd Virtual
Machine and Container Registration Manager

Is used to introspect and configure the state of the network links
configured by systemd-networkd

Controls the systemd Out Of Memory daemon
Is used to attach or detach portable services from the local system

Instructs the kernel to halt the system and switch off the computer (see
halt)

Instructs the kernel to reboot the system (see halt)

Registers DNS server and domain configuration with systemd-
resolved

Sends control commands to the network name resolution manager, or
resolves domain names, |1Pv4 and IPv6 addresses, DNS records, and
services

Temporarily elevates or acquires different privileges, similar to sudo

Outputs the previous and the current run-level, as noted in the last run-
level record in/run/ utnp

Brings the system down in a safe and secure manner, signaling all
processes and notifying all logged-in users

Is used to introspect and control the state of the systemd system and
service manager

Reports whether the system is connected to an external power source.

Is used to analyze system startup performance, as well as identify
troublesome systemd units

Is used to query a system password or passphrase from the user, using
amessage specified on the Linux command line

Isused to connect the STDOUT and STDERR outputs of aprocesswith
the systemd journal

Recursively shows the contents of the selected Linux control group
hierarchy in atree

Showsthetop control groupsof thelocal Linux control group hierarchy,
ordered by their CPU, memory and disk I/O loads

Displays and processes credentials

Isused to identify and compare configuration filesin/ et ¢ that override
the defaultsin/ usr
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systemd-detect-virt

systemd-dissect
systemd-escape
systemd-hwdb
systemd-id128
systemd-inhibit

systemd-machine-id-setup

systemd-mount
systemd-notify
systemd-nspawn

systemd-path
systemd-pty-forward

systemd-repart
systemd-resolve
systemd-run
systemd-socket-activate
systemd-sysext

systemd-tmpfiles

systemd-umount
systemd-tty-ask-passwor d-agent
systemd-vpick

timedatect|

udevadm

userdbctl
varlinkctl
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Detects whether the system is being run in a virtual environment, and
adjusts udev accordingly

Is used to inspect OS disk images

Is used to escape strings for inclusion in systemd unit names
|'s used to manage the hardware database (hwdb)

Generates and printsid128 (UUID) strings

Is used to execute a program with a shutdown, sleep or idle inhibitor
lock taken, preventing an action such as a system shutdown until the
process is completed

Isused by system installer tools to initialize the machine ID stored in/
et c/ machi ne-i d at install time with arandomly generated ID

|'s used to temporarily mount or automount disks
Is used by daemon scriptsto notify the init system of status changes

Isused to run acommand, or an entire OS, in alight-weight namespace
container

Is used to query system and user paths

I's used to run a command with a custom terminal background color or
title

Is used to grow and add partitions to a partition table when systemd is
used with an OS image (e.g. a container)

Is used to resolve domain names, IPV4 and IPv6 addresses, DNS
resource records, and services

Is used to create and start a transient .service or a .scope unit and run
the specified command in it; thisis useful for validating systemd units

Is used to listen on socket devices and launch a process upon a
successful connection to the socket

Activates system extension images

Creates, deletes, and cleans up volatile and temporary files and
directories, based on the configuration fileformat and | ocation specified
intnpfiles.ddirectories

Unmounts mount points

Is used to list and/or process pending systemd password requests
Is used to resolve pathsto a".v/" versioned directory

Is used to query and change the system clock and its settings

Isageneric udev administration tool which controls the udevd daesmon,
providesinfo from the udev hardware database, monitors uevents, waits
for ueventsto finish, tests udev configuration, and triggers uevents for
agiven device

Is used to inspect users, groups, and group memberships
Is used to interact with and invoke Varlink services
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l'i bsyst en Isthe main systemd utility library
l'i budev Isalibrary to access Udev device information
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8.79. D-Bus-1.16.2

D-Bus is a message bus system, a simple way for applications to talk to one another. D-Bus supplies both a system
daemon (for events such as "new hardware device added" or "printer queue changed") and a per-user-login-session
daemon (for general IPC needs among user applications). Also, the message bus is built on top of a general one-to-
one message passing framework, which can be used by any two applications to communicate directly (without going
through the message bus daemon).

Approximate build time: 0.1 SBU
Required disk space: 17 MB

8.79.1. Installation of D-Bus
Prepare D-Bus for compilation:

nkdir build
cd buil d

meson setup --prefix=/usr --buildtype=rel ease --w ap-node=nof al | back ..

The meaning of the meson options:

- -wr ap- node=nof al | back
This switch prevents meson from attempting to download a copy of the Glib package for the tests.

Compile the package:

‘ninja

To test the results, issue:

‘ni nja test

Many tests are disabled because they require additional packagesthat are not included in LFS. Instructions for running
the comprehensive test suite can be found in the BLFS book.

Install the package:

‘ninjainstall ‘

Create a symlink so that D-Bus and systemd can use the same machi ne-i d file:

‘In -sfv /etc/machine-id /var/lib/dbus

8.79.2. Contents of D-Bus

Installed programs. dbus-cleanup-sockets, dbus-daemon, dbus-launch, dbus-monitor, dbus-run-session,
dbus-send, dbus-test-tool, dbus-update-activation-environment, and dbus-uuidgen

Installed libraries: libdbus-1.s0

Installed directories: /etc/dbus-1, /usr/include/dbus-1.0, /usr/lib/dbus-1.0, /usr/share/dbus-1, /usr/share/doc/

dbus-1.16.2, and /var/lib/dbus

Short Descriptions
dbus-cleanup-sockets is used to remove leftover socketsin a directory
dbus-daemon is the D-Bus message bus daemon
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dbus-launch
dbus-monitor
dbus-run-session

dbus-send
dbus-test-tool
dbus-update-activation-environment

dbus-uuidgen
l'i bdbus- 1
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starts dbus-daemon from a shell script
monitors messages passing through a D-Bus message bus

starts a session bus instance of dbus-daemon from a shell script
and starts a specified program in that session

sends a message to a D-Bus message bus
isatool to help packages test D-Bus

updates environment variables that will be set for D-Bus session
services

Generates auniversally unique ID

Contains API functions used to communicate with the D-Bus
message bus
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8.80. Man-DB-2.13.1

The Man-DB package contains programs for finding and viewing man pages.

Approximate build time: 0.3 SBU
Required disk space: 44 MB

8.80.1. Installation of Man-DB
Prepare Man-DB for compilation:

./configure --prefix=/usr
- -docdi r =/ usr/ shar e/ doc/ man-db-2. 13. 1
--sysconfdir=/etc
- -di sabl e-setuid
- - enabl e- cache- owner =bi n
--wi t h-browser=/usr/bin/lynx
--W t h-vgri nd=/usr/bin/vgrind
--W t h-grap=/usr/bi n/grap

—— - — — — —

The meaning of the configure options:

--di sabl e-setuid
This disables making the man program setuid to user man.

- - enabl e- cache- owner =bi n
This changes ownership of the system-wide cache files to user bi n.

—-with-. ..
These three parameters are used to set some default programs. lynx is a text-based web browser (see BLFS for
installation instructions), vgrind converts program sourcesto Groff input, and gr ap isuseful for typesetting graphs
in Groff documents. The vgrind and grap programs are not normally needed for viewing manual pages. They are
not part of LFS or BLFS, but you should be able to install them yourself after finishing LFS if you wish to do so.

Compile the package:

‘nake ‘

To test the results, issue:

‘nake check ‘

Install the package:

‘nake i nstall ‘

8.80.2. Non-English Manual Pages in LFS

The following table shows the character set that Man-DB assumes manual pages installed under / usr/ shar e/ man/ <I | >
will be encoded with. In addition to this, Man-DB correctly determines if manual pagesinstalled in that directory are
UTF-8 encoded.

Table 8.1. Expected character encoding of legacy 8-bit manual pages

L anguage (code) Encoding L anguage (code) Encoding
Danish (da) ISO-8859-1 |Croatian (hr) | SO-8859-2
German (de) 1SO-8859-1 |Hungarian (hu) |SO-8859-2
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L anguage (code) Encoding L anguage (code) Encoding
English (en) |SO-8859-1 |Japanese (ja) EUC-JP
Spanish (es) ISO-8859-1 |Korean (ko) EUC-KR
Estonian (et) ISO-8859-1 |Lithuanian (It) SO-8859-13
Finnish (fi) ISO-8859-1 |Latvian (Iv) |SO-8859-13
French (fr) ISO-8859-1 |Macedonian (mk) | SO-8859-5
Irish (ga) ISO-8859-1 |Polish (pl) | SO-8859-2
Galician (gl) ISO-8859-1 |Romanian (ro) |SO-8859-2
Indonesian (id) ISO-8859-1 |Greek (el) |SO-8859-7
Icelandic (is) ISO-8859-1 |Slovak (sk) | SO-8859-2
[talian (it) 1SO-8859-1 |Slovenian (d) | SO-8859-2
Norwegian Bokmal |I1SO-8859-1 |Serbian Latin (sr@latin) |SO-8859-2
(nb)
Dutch (nl) 1SO-8859-1 |Serbian (sr) | SO-8859-5
Norwegian Nynorsk|1SO-8859-1 |Turkish (tr) | SO-8859-9
(nn)
Norwegian (no) ISO-8859-1 |Ukrainian (uk) KOI8-U
Portuguese (pt) ISO-8859-1 |Vietnamese (vi) TCVN5712-1
Swedish (sv) ISO-8859-1 |Simplified Chinese (zh_CN) GBK
Belarusian (be) CP1251 Simplified Chinese, Singapore| GBK
(zh_SG)
Bulgarian (bg) CP1251 Traditional Chinese, Hong Kong|BIG5HKSCS
(zh_HK)
Czech (c9) ISO-8859-2 |Traditional Chinese (zh_TW) BIG5
% Note

Manual pagesin languages not in the list are not supported.

8.80.3. Contents of Man-DB

Installed programs:

and whatis

Installed libraries:

Installed directories:
Short Descriptions

accessdb

apropos
agiven string

libman.so and libmandb.so (both in /usr/lib/man-db)
{usr/lib/man-db, /usr/libexec/man-db, and /usr/share/doc/man-db-2.13.1

Dumps the whatis database contents in human-readable form
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accessdb, apropos (link to whatis), catman, lexgrog, man, man-recode, mandb, manpath,

Searches the whatis database and displays the short descriptions of system commands that contain




catman
lexgrog
man

man-r ecode
mandb
manpath

whatis

i bman

I'i bmandb

Creates or updates the pre-formatted manual pages
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Displays one-line summary information about a given manual page

Formats and displays the requested manual page
Converts manual pages to another encoding

Creates or updates the whatis database
Displays the contents of SMANPATH or (if SMANPATH is not set) a suitable search path based on

the settings in man.conf and the user's environment

Searches the whatis database and displays the short descriptions of system commands that contain

the given keyword as a separate word
Contains run-time support for man
Contains run-time support for man
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8.81. Procps-ng-4.0.6

The Procps-ng package contains programs for monitoring processes.

Approximate build time: 0.1 SBU
Required disk space: 28 MB

8.81.1. Installation of Procps-ng

Prepare Procps-ng for compilation:

./configure --prefix=/usr
- -docdi r=/ usr/ shar e/ doc/ procps-ng-4.0.6
--di sabl e-static
- -di sabl e-ki ||
- - enabl e- wat ch8bi t
--w th-systend

— - - — —

The meaning of the configure option:

--di sabl e-ki | |
This switch disables building the kill command; it will be installed from the Util-linux package.

- - enabl e- wat ch8bi t
This switch enables the ncursesw support for the watch command, so it can handle 8-bit characters.

Compile the package:

‘ make

To run the test suite, run:

chown -R tester .
su tester -c "PATH=$PATH nmake check"

Onetest named ps with output flag bsdtime, cputine, etine, eti mes iSknown to fail if the host kerndl is not built
With CONFI G BSD_PROCESS ACCT enabled.

Install the package:

‘ make i nstall

8.81.2. Contents of Procps-ng

Installed programs: free, pgrep, pidof, pkill, pmap, ps, pwdx, slabtop, sysctl, tload, top, uptime, vmstat, w,
and watch

Installed library: libproc-2.s0

Installed directories: /usr/include/procps and /usr/share/doc/procps-ng-4.0.6

Short Descriptions

free Reports the amount of free and used memory (both physical and swap memory) in the system
pgrep L ooks up processes based on their name and other attributes

pidof Reports the PIDs of the given programs

pkill Signals processes based on their name and other attributes

pmap Reports the memory map of the given process
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ps
pwdx
slabtop
sysctl
tload
top

uptime
vmstat

w
watch

l'i bproc-2
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Lists the current running processes

Reports the current working directory of a process
Displays detailed kernel slab cache information in real time
Modifies kernel parameters at run time

Prints a graph of the current system load average

Displays alist of the most CPU intensive processes; it provides an ongoing look at processor activity
inreal time

Reports how long the system has been running, how many users are logged on, and the system load
averages

Reports virtual memory statistics, giving information about processes, memory, paging, block Input/
Output (10), traps, and CPU activity

Shows which users are currently logged on, where, and since when

Runs a given command repeatedly, displaying the first screen-full of its output; this allows a user to
watch the output change over time

Contains the functions used by most programs in this package
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8.82. Util-linux-2.41.3

The Util-linux package contains miscellaneous utility programs. Among them are utilities for handling file systems,
consoles, partitions, and messages.

Approximate build time: 0.5 SBU
Required disk space: 346 MB

8.82.1. Installation of Util-linux

Prepare Util-linux for compilation:

./configure --bindir=/usr/bin \
--libdir=/usr/lib \
--runstatedir=/run \
--sbi ndi r=/usr/shin \
- - di sabl e- chf n- chsh \
- -di sabl e-1 ogin \
- - di sabl e- nol ogi n \
- -di sabl e-su \
--di sabl e-setpriv \
- -di sabl e-runuser \
- -di sabl e- pyl i brount \
--di sabl e-1iblastl og2 \
--di sabl e-static \

--Wwi t hout - pyt hon \
ADJTI ME_PATH=/ var /| i b/ hwcl ock/ adj time \
--docdi r=/usr/share/doc/util-linux-2.41.3

The --disable and --without options prevent warnings about building components that either require packages not in
LFS, or areinconsistent with programs installed by other packages.

Compile the package:
make

If desired, create adummy / et ¢/ f st ab file to satisfy two tests and run the test suite as anon-r oot USer:

. Warning

Running the test suite asther oot user can be harmful to your system. To runit, the CONFIG_SCSI _DEBUG
option for the kernel must be availablein the currently running system and must be built asamodule. Building
it into the kernel will prevent booting. For complete coverage, other BLFS packages must be installed. If
desired, thistest can be run by booting into the completed LFS system and running:

bash tests/run.sh --srcdir=$PWD --buil ddi r =$PWD
touch /etc/fstab

chown -R tester
su tester -c "nmake -k check"

The hardlink tests will fail if the host's kernel does not have the option covnFi G CRYPTO_USER_API _HASH enabled or does
not have any options providing a SHA256 implementation (for example, CONFI G_CRYPTO_SHA256, OF CONFI G_CRYPTO_
sHA256_sssE3 if the CPU supports Supplemental SSE3) enabled. In addition, the Isfd: inotify test will fail if the kernel
option CONFI G_NETLI NK_DI AGiS hot enabled.

Install the package:

make i nst al
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8.82.2. Contents of Util-linux

Installed programs.

Installed libraries:
Installed directories:

Short Descriptions

addpart, agetty, blkdiscard, blkid, blkzone, blockdev, cal, cfdisk, chcpu, chmem, choom,
chrt, col, colcrt, colrm, column, ctrlaltdel, delpart, dmesg, gect, fallocate, fdisk, fincore,
findfs, findmnt, flock, fsck, fsck.cramfs, fsck.minix, fsfreeze, fstrim, getopt, hardlink,
hexdump, hwclock, 1386 (link to setarch), ionice, ipcmk, ipcrm, ipcs, irgtop, isosize, kill,
last, lastb (link to last), Idattach, linux32 (link to setarch), linux64 (link to setarch), logger,
look, losetup, Isblk, Iscpu, Isipc, Isirg, Isfd, Islocks, Islogins, Ismem, Isns, mcookie,
mesg, mkfs, mkfs.bfs, mkfs.cramfs, mkfs.minix, mkswap, more, mount, mountpoint,
namei, nsenter, partx, pivot_root, prlimit, readprofile, rename, renice, resizepart, rev,
rfkill, rtcwake, script, scriptlive, scriptreplay, setarch, setsid, setterm, sfdisk, sulogin,
swaplabel, swapoff, swapon, switch_root, taskset, uclampset, ul, umount, uname26 (link
to setarch), unshare, utmpdump, uuidd, uuidgen, uuidparse, wall, wdctl, whereis, wipefs,
x86_64 (link to setarch), and zramctl

libblkid.so, libfdisk.so, libmount.so, libsmartcols.so, and libuuid.so

/usr/include/blkid, {usr/include/libfdisk, {usr/include/libmount, Jusr/include/
libsmartcols, /usr/include/uuid, /usr/share/doc/util-linux-2.41.3, and /var/lib/hwclock

addpart Informs the Linux kernel of new partitions

agetty Opens atty port, prompts for alogin name, and then invokes the login program

blkdiscard Discards sectors on adevice

blkid A command line utility to locate and print block device attributes

blkzone Is used to manage zoned storage block devices

blockdev Allows usersto call block device ioctls from the command line

cal Displays a simple calendar

cfdisk Manipulates the partition table of the given device

chcpu Modifies the state of CPUs

chmem Configures memory

choom Displays and adjusts OOM-killer scores, used to determine which processto kill first when Linux
is Out Of Memory

chrt Manipul ates real-time attributes of a process

col Filters out reverse line feeds

colcrt Filters nroff output for terminals that lack some capabilities, such as overstriking and half-lines

colrm Filters out the given columns

column Formats a given file into multiple columns

ctrlaltdel Sets the function of the Ctrl+Alt+Del key combination to a hard or a soft reset

delpart Asksthe Linux kernel to remove a partition

dmesg Dumps the kernel boot messages

€j ect Ejects removable media

fallocate Preallocates spaceto afile
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fdisk
fincore
findfs
findmnt
flock

fsck
fsck.cramfs
fsck.minix
fsfreeze
fstrim
getopt
hardlink
hexdump
hwclock

1386
ionice
ipcmk
ipcrm
ipcs
irgtop
isosize
Kill
last

lastb
Idattach
linux32
linux64
logger
look
losetup
Isblk
Iscpu
Isfd
Isipc
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Manipulates the partition table of the given device

Counts pages of file contentsin core

Finds afile system, either by label or Universaly Unique Identifier (UUID)
Isacommand lineinterfaceto thelibmount library for working with mountinfo, fstab and mtab files
Acquires afilelock and then executes acommand with the lock held

Is used to check, and optionally repair, file systems

Performs a consistency check on the Cramfs file system on the given device
Performs a consistency check on the Minix file system on the given device

Isavery ssmple wrapper around FIFREEZE/FITHAW ioctl kernel driver operations
Discards unused blocks on a mounted filesystem

Parses options in the given command line

Consolidates duplicate files by creating hard links

Dumps the given file in hexadecimal, decimal, octal, or ascii

Reads or sets the system's hardware clock, also called the Real-Time Clock (RTC) or Basic Input-
Output System (BIOS) clock

A symbolic link to setarch

Gets or setstheio scheduling class and priority for a program
Creates various | PC resources

Removes the given Inter-Process Communication (IPC) resource
Provides IPC status information

Displays kernel interrupt counter information in top(1) style view
Reports the size of an is09660 file system

Sends signals to processes

Shows which userslast logged in (and out), searching back through the/ var /1 og/ wt np file; it also
shows system boots, shutdowns, and run-level changes

Shows the failed login attempts, aslogged in/ var /| og/ bt mp
Attaches aline discipline to aseria line

A symbolic link to setarch

A symbolic link to setarch

Enters the given message into the system log

Displays lines that begin with the given string

Sets up and controls loop devices

Listsinformation about all or selected block devicesin atree-like format
Prints CPU architecture information

Displays information about open files; replaces | sof

Prints information on I PC facilities currently employed in the system
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Isirg
Islocks
Islogins
Ismem

Isns
mcookie
mesg

mkfs
mkfs.bfs
mkfs.cramfs
mkfs.minix
mkswap
more
mount
mountpoint
namei
nsenter
partx
pivot_root
prlimit
readprofile
rename
renice
resizepart
rev

rfkill
rtcwake
script
scriptlive
scriptreplay
setarch
setsid
setterm
sfdisk
sulogin
swaplabel
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Displays kernel interrupt counter information

Listslocal system locks

Listsinformation about users, groups and system accounts

Lists the ranges of available memory with their online status

Lists namespaces

Generates magic cookies (128-bit random hexadecimal numbers) for xauth
Controls whether other users can send messages to the current user's terminal
Builds afile system on adevice (usually a hard disk partition)

Creates a Santa Cruz Operations (SCO) bfsfile system

Creates a cramfsfile system

Creates aMinix file system

Initializes the given device or file to be used as a swap area

A filter for paging through text one screen at atime

Attaches the file system on the given device to a specified directory in the file-system tree
Checksif the directory is a mountpoint

Shows the symboalic linksin the given paths

Runs a program with namespaces of other processes

Tells the kernel about the presence and numbering of on-disk partitions
Makes the given file system the new root file system of the current process
Gets and sets a process's resource limits

Reads kernel profiling information

Renames the given files, replacing a given string with another

Altersthe priority of running processes

Asksthe Linux kernel to resize a partition

Reversesthelines of agivenfile

Tool for enabling and disabling wireless devices

Used to enter a system sleep state until the specified wakeup time

Makes a typescript of aterminal session

Re-runs session typescripts using timing information

Plays back typescripts using timing information

Changes reported architecture in a new program environment, and sets personality flags
Runs the given program in a new session

Setsterminal attributes

A disk partition table manipulator

Allowsroot tologin; itisnormally invoked by init when the system goes into single user mode
Makes changes to the swap area's UUID and label
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swapoff
swapon
switch_root
taskset
uclampset
ul

umount
uname26
unshare
utmpdump
uuidd

uuidgen

uuidparse
wall

wdctl
whereis
wipefs

x86 64
zramctl

l'i bbl ki d

l'i bf di sk

|'i bount
libsmartcol s

l'i buuid
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Disables devices and files for paging and swapping

Enables devices and files for paging and swapping, and lists the devices and files currently in use
Switches to another filesystem as the root of the mount tree

Retrieves or sets a process's CPU affinity

Manipulates the utilization clamping attributes of the system or a process

A filter for trandating underscores into escape sequences indicating underlining for the terminal
inuse

Disconnects afile system from the system's file tree

A symbolic link to setarch

Runs a program with some namespaces unshared from parent

Displays the content of the given login filein a user-friendly format

A daemon used by the UUID library to generate time-based UUIDs in a secure and guaranteed-
unique fashion

Creates new UUIDs. Each new UUID is arandom number likely to be unique among all UUIDs
created, on the local system and on other systems, in the past and in the future, with extremely
high probability (212 UUIDs are possible)

A tility to parse unique identifiers

Displays the contents of afile or, by default, its standard input, on the terminals of all currently
logged in users

Shows hardware watchdog status

Reports the location of the binary, source, and man page files for the given command
Wipes a filesystem signature from a device

A symbolic link to setarch

A program to set up and control zram (compressed ram disk) devices

Contains routines for device identification and token extraction

Contains routines for manipulating partition tables

Contains routines for block device mounting and unmounting

Contains routines for aiding screen output in tabular form

Contains routines for generating unique identifiers for objects that may be accessible beyond the
local system
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8.83. E2fsprogs-1.47.3

The E2fsprogs package contains the utilities for handling the ext 2 file system. It also supports the ext 3 and ext 4
journaling file systems.

Approximate build time: 2.4 SBU on a spinning disk, 0.4 SBU on an SSD
Required disk space: 100 MB

8.83.1. Installation of E2fsprogs

The E2fsprogs documentation recommends that the package be built in a subdirectory of the source tree:

nkdir -v build
cd buil d

Prepare E2fsprogs for compilation:

../configure --prefix=/usr \
--sysconfdir=/etc \
--enabl e-el f-shlibs \
--disable-libblkid \
--di sabl e-1ibuuid \
- - di sabl e- uui dd \
--di sabl e-fsck

The meaning of the configure options:

--enabl e-el f-shli bs
This creates the shared libraries which some programs in this package use.

--di sabl e-*
These prevent building and installing the! i buui d and 1'i bbl ki d libraries, the uui dd daemon, and the fsck wrapper;
util-linux installs more recent versions.

Compile the package:

‘nake ‘

To run the tests, issue;

‘nake check ‘

One test named m assunme_st or age_pr ezer oed IS known to fail. Another test named m root di r _acl 1S known to fail if
the file system used for the LFS system is not ext 4.

Install the package:

‘nake i nstall ‘

Remove usdless static libraries:

‘rm-fv Jusr/1ib/{libcomerr,|ibe2p,|ibext2fs,|ibss}.a ‘

This package installs a gzipped . i nf o file but doesn't update the system-wide di r file. Unzip this file and then update
the system di r file using the following commands:

gunzip -v /usr/share/infol/libext2fs.info.gz
install-info --dir-file=/usr/share/info/dir /usr/share/info/libext2fs.info
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If desired, create and install some additional documentation by issuing the following commands:

mekei nfo -0 doc/comerr.info ../lib/et/comerr.texinfo
install -v -nm644 doc/comerr.info /usr/share/info
install-info --dir-file=/usr/share/info/dir /usr/share/info/comerr.info

8.83.2. Configuring E2fsprogs

/ et ¢/ mke2f s. conf containsthe default value of various command line options of mke2fs. Y ou may edit thefile to make
the default values suitable for your needs. For example, some utilities (not in LFS or BLFS) cannot recognize a ext 4
file system with net adat a_csum seed feature enabled. If you need such a utility, you may remove the feature from the
default ext 4 feature list with the command:

‘ sed 's/netadata_csum seed,//' -i /etc/nke2fs.conf ‘

Read the man page mke2fs.conf(5) for details.

8.83.3. Contents of E2fsprogs

Installed programs.

Installed libraries:
Installed directories:

badblocks, chattr, compile_et, debugfs, dumpe2fs, e2freefrag, e2fsck, e2image, e2label,
e2mmpstatus, e2scrub, e2scrub all, e2undo, edcrypt, eddefrag, filefrag, fsck.ext2,
fsck.ext3, fsck.ext4, logsave, Isattr, mk_cmds, mke2fs, mkfs.ext2, mkfs.ext3, mkfs.ext4,
mklost+found, resize2fs, and tune2fs

libcom_err.so, libe2p.so, libext2fs.so, and libss.so

/usr/include/e2p, /usr/include/et, /usr/include/ext2fs, /usr/include/ss, /ust/lib/e2fsprogs, /
usr/sharef/et, and /usr/share/ss

Short Descriptions

badblocks Searches adevice (usually adisk partition) for bad blocks

chattr Changes the attributes of files on ext { 234} file systems

compile_et An error table compiler; it converts atable of error-code names and messages into a C source file
suitable for use with the com err library

debugfs A file system debugger; it can be used to examine and change the state of ext { 234} file systems

dumpe2fs Prints the super block and blocks group information for the file system present on a given device

e2freefrag Reports free space fragmentation information

e2fsck Is used to check and optionally repair ext { 234} file systems

e2image Is used to save critical ext {234} file system datato afile

e2label Displays or changes the file system label on the ext { 234} file system on a given device

eZmmpstatus Checks MMP (Multiple Mount Protection) status of an ext 4 file system

e2scrub Checks the contents of a mounted ext { 234} file system

e2scrub_all Checks al mounted ext { 234} file systemsfor errors

e2undo Replays the undo log for an ext { 234} file system found on a device. [This can be used to undo a
failed operation by an E2fsprogs program.]

edcrypt Ext 4 file system encryption utility

eddefrag Online defragmenter for ext 4 file systems
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filefrag
fsck.ext2
fsck.ext3
fsck.ext4
logsave
|sattr
mk_cmds

mke2fs
mkfs.ext2
mkfs.ext3
mkfs.ext4
mklost+found

resize2fs
tunezfs
libcomerr
i be2p

|'i bext 2fs

li bss
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Reports on how badly fragmented a particular file might be

By default checksext 2 file systems and isa hard link to e2fsck
By default checksext 3 file systems and isa hard link to e2fsck
By default checksext 4 file systems and isa hard link to e2fsck
Saves the output of acommand in alog file

Lists the attributes of files on a second extended file system

Converts a table of command names and help messages into a C source file suitable for use with
the i bss subsystem library

Creates an ext { 234} file system on the given device

By default createsext 2 file systems and is a hard link to mke2fs
By default createsext 3 file systems and is a hard link to mke2fs
By default createsext 4 file systems and is a hard link to mke2fs

Creates a | ost +f ound directory on an ext {234} file system; it pre-allocates disk blocks to this
directory to lighten the task of e2fsck

Can be used to enlarge or shrink ext { 234} file systems

Adjusts tunable file system parameters on ext { 234} file systems

The common error display routine

Used by dumpe2fs, chattr, and |sattr

Contains routines to enable user-level programs to manipulate ext { 234} file systems
Used by debugfs
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8.84. About Debugging Symbols

Most programs and libraries are, by default, compiled with debugging symbols included (with gec's - g option). This
means that when debugging a program or library that was compiled with debugging information, the debugger can
provide not only memory addresses, but also the names of the routines and variables.

The inclusion of these debugging symbols enlarges a program or library significantly. Here are two examples of the
amount of space these symbols occupy:

* A bash binary with debugging symbols: 1200 KB

* A bash binary without debugging symbols: 480 KB (60% smaller)

* Glibcand GCCfiles(/1ib and/usr/1ib) with debugging symbols: 87 MB
» Glibc and GCC files without debugging symbols: 16 MB (82% smaller)

Sizeswill vary depending on which compiler and C library were used, but aprogram that has been stripped of debugging
symbols is usually some 50% to 80% smaller than its unstripped counterpart. Because most users will never use a
debugger on their system software, a lot of disk space can be regained by removing these symbols. The next section
shows how to strip all debugging symbols from the programs and libraries.

8.85. Stripping

This section isoptional. If the intended user is not a programmer and does not plan to do any debugging of the system
software, the system'’s size can be decreased by some 2 GB by removing the debugging symbols, and some unnecessary
symbol table entries, from binaries and libraries. This causes no real inconvenience for atypical Linux user.

Most people who use the commands mentioned below do not experience any difficulties. However, it is easy to make a
mistake and render the new system unusable. So before running the strip commands, it isagood ideato make abackup
of the LFS system in its current state.

A strip commandwiththe- - st ri p- unneeded option removesall debug symbolsfromabinary or library. It also removes
all symbol table entries not normally needed by thelinker (for static libraries) or dynamic linker (for dynamically linked
binaries and shared libraries). Using - - st ri p- debug does not remove symbol table entries that may be needed by some
applications. The difference between unneeded and debug iSsvery small. For example, an unstripped | i bc. a is22.4 MB.
After stripping with - - stri p- debug it is5.9 MB. Using - - st ri p- unneeded only reduces the size further to 5.8 MB.

The debugging symbolsfrom selected libraries are compressed with Zstd and preserved in separatefiles. That debugging
information is needed to run regression tests with valgrind or gdb later, in BLFS.

Note that strip will overwrite the binary or library fileit is processing. This can crash the processes using code or data
from the file. If the process running strip is affected, the binary or library being stripped can be destroyed; this can
make the system completely unusable. To avoid this problem we copy some libraries and binariesinto/ t np, strip them
there, then reinstall them with the install command. (The related entry in Section 8.2.1, “Upgrade Issues’ gives the
rationale for using the install command here.)

% Note
s

The ELF loader's name is |d-linux-x86-64.s0.2 on 64-bit systems and Id-linux.so0.2 on 32-bit systems. The
construct below selects the correct name for the current architecture, excluding anything ending with g, in
case the commands below have already been run.
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1 | mportant
If there is any package whose version is different from the version specified by the book (either following

a security advisory or satisfying personal preference), it may be necessary to update the library file namein
save_usrlib Oronline_usrlib. Failingtodo so may render the system completely unusable.

save_usrlib="%$(cd /usr/lib; Is Id-1inux*[~g])
l'ibc.so.6
|'i bt hread_db. so. 1
I'i bquadmat h. so. 0. 0.0
| i bstdc++. so. 6.0. 34
libitmso.1.0.0
|i batom c.so.1.2.0"

cd /usr/lib

for LIBin $save_usrlib; do
obj copy --only-keep-debug --conpress-debug-secti ons=zstd $LI B $LI B. dbg
cp $LIB /tnp/$LIB
strip --strip-debug /tnp/$LIB
obj copy - -add- gnu-debugl i nk=$LI B. dbg /t np/ $LI B
install -vnv55 /tnp/$LIB /usr/lib
rm/tnp/ $LI B
done

onl i ne_usrbi n="bash find strip"
online_usrlib="1ibbfd-2.46.0.20260210. so

l'i bsfrane.so.3.0.0

|'i bhi story.so.8.3

|'i bncur sesw. so. 6. 6

i bmso. 6

|'i breadline.so.8.3

libz.so0.1.3.2

libzstd.so.1.5.7

$(cd /usr/lib; find libnss*.so* -type f)"

for BIN in $online_usrbin; do
cp /usr/bin/$BIN /tnp/$BIN
strip --strip-debug /tnp/$BIN
install -vnv55 /tnp/$BIN /usr/bin
rm/tnp/ $BI N

done

for LIBin $online_usrlib; do
cp /usr/lib/$LIB /tnp/$LIB
strip --strip-debug /tnp/$LIB
install -vnv55 /tnp/$LIB /usr/lib
rm/tnp/ $LI B

done

for i in $(find /usr/lib -type f -name \*.so* ! -nanme \*dbg) \
$(find /usr/lib -type f -nanme \*.a) \
$(find /usr/{bin,sbin,libexec} -type f); do
case "$online_usrbin $online_usrlib $save_usrlib" in
*$(basenane $i)* )

* ) strip --strip-debug $

1

esac
done

unset BIN LIB save_usrlib online_usrbin online_usrlib
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A large number of files will be flagged as errors because their file format is not recognized. These warnings can be
safely ignored. They indicate that those files are scripts, not binaries.

8.86. Cleaning Up

Finally, clean up some extrafiles|eft over from running tests:

‘rn1-rf [tp/ {*,.*}

Therearealso severa filesin the/usr/lib and /usr/libexec directories with afile name extension of .1a. These are "libtool
archive" files. On amodern Linux system thelibtool .l1afilesare only useful for libltdl. No librariesin LFS are expected
to be loaded by libltdl, and it's known that some .1afiles can break BLFS package builds. Remove those files now:

‘find fusr/lib /usr/libexec -nanme \*.la -delete ‘

For more information about libtool archive files, see the BLFS section "About Libtool Archive (.l1a) files".

The compiler built in Chapter 6 and Chapter 7 is still partially installed and not needed anymore. Remove it with:

‘find [usr -depth -name $(uname -m-Ilfs-linux-gnu\* | xargs rm-rf

Finally, remove the temporary 'tester' user account created at the beginning of the previous chapter.

‘userdel -r tester
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Chapter 9. System Configuration

9.1. Introduction

This chapter discusses configuration files and systemd services. First, the general configuration files needed to set up
networking are presented.

» Section 9.2, “General Network Configuration.”

» Section 9.2.3, “Configuring the system hostname.”

» Section 9.2.4, “Customizing the /etc/hosts File.”

Second, issues that affect the proper setup of devices are discussed.
» Section 9.3, “Overview of Device and Module Handling.”

» Section 9.4, “Managing Devices.”

Third, configuring the system clock and keyboard layout is shown.
» Section 9.5, “Configuring the System Clock.”

» Section 9.6, “Configuring the Linux Console.”

Fourth, a brief introduction to the scripts and configuration files used when the user logs into the system is presented.
» Section 9.7, “Configuring the System Locale.”

» Section 9.8, “Creating the /etc/inputrc File.”

And finally, configuring the behavior of systemd is discussed.

* Section 9.10, “Systemd Usage and Configuration.”

9.2. General Network Configuration

This section only appliesif a network card isto be configured.

9.2.1. Network Interface Configuration Files

Starting with version 209, systemd ships anetwork configuration daemon called systemd-networ kd which can be used
for basic network configuration. Additionally, since version 213, DNS name resolution can be handled by systemd-
resolved in place of astatic/etc/resol v. conf file. Both services are enabled by default.

% Note
V 4

If you will not use systemd-networkd for network configuration (for example, when the system is not
connected to network, or you want to use another utility like NetworkManager for network configuration),
disable a service to prevent an error message during boot:

systentt!| disabl e systend-networkd-wait-online

Configuration files for systemd-networkd (and systemd-resolved) can be placed in/usr/1i b/ syst end/ net work OF /
et ¢/ syst end/ net wor k. Filesin/ et c/ syst end/ net wor k have ahigher priority thantheonesin/ usr/1i b/ syst emd/ net wor k.
There are three types of configuration files: . 1i nk, . net dev and . net wor k files. For detailed descriptions and example
contents of these configuration files, consult the systemd.link(5), systemd.netdev(5), and systemd.network(5) manual

pages.
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9.2.1.1. Network Device Naming

Udev normally assigns network card interface names based on physical system characteristics such as enp2sl. If you
are not sure what your interface nameis, you can always run ip link after you have booted your system.

% Note
' 4

The interface names depend on the implementation and configuration of the udev daemon running on the
system. The udev daemon for LFS (systemd-udevd, installed in Section 8.78, “ Systemd-259.1") will not run
unlessthe LFS system isbooted. Soit's unreliable to determine the interface names being used in LFS system
by running those commands on the host distro, even though you are in the chroot environment.

For most systems, there is only one network interface for each type of connection. For example, the classic interface
name for awired connection is eth0. A wireless connection will usually have the name wifiO or wlan0.

If you prefer to use the classic or customized network interface names, there are three aternative ways to do that:

* Mask udev's.1ink filefor the default policy:
In -s /dev/null /etc/systend/ network/99-default.link

» Create amanual naming scheme, for example by naming the interfaces something likei nt er net 0, dne0, Or | ano.
To do that, create . 1 i nk filesin /etc/systemd/network/ that select an explicit name or a better naming scheme for
your network interfaces. For example:

cat > /etc/systend/ network/ 10-etherO.link << "ECF"

[ Mat ch]

# Change the MAC address as appropriate for your network device
MACAddr ess=12: 34: 45: 78: 90: AB

[ Li nk]
Nane=et her O
ECF

See systemd.link(5) for more information.

* In/boot/grub/grub.cfg, passthe option net . i f nanes=0 on the kernel command line.

9.2.1.2. Static IP Configuration

The command below creates abasic configuration file for a Static | P setup (using both systemd-networkd and systemd-
resolved):

cat > /etc/systend/ network/10-eth-static. network << "EOF"
[ Mat ch]
Name=<net wor k- devi ce- name>

[ Net wor k]

Addr ess=192. 168. 0. 2/ 24

Gat eway=192. 168. 0. 1
DNS=192. 168. 0. 1

Domai ns=<Your Domai n Nanme>
ECF

Multiple DNS entries can be added if you have more than one DNS server. Do not include DNS or Domains entries
if you intend to useastatic /et c/resol v. conf file.
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9.2.1.3. DHCP Configuration

The command below creates a basic configuration file for an 1Pv4 DHCP setup:

cat > /etc/systend/ network/ 10- et h- dhcp. net work << "EOF"
[ Mat ch]
Name=<net wor k- devi ce- nane>

[ Net wor K]
DHCP=i pv4

[ DHCPv4]
UseDonmi ns=t r ue
ECF

9.2.2. Creating the /etc/resolv.conf File

If the system is going to be connected to the Internet, it will need some means of Domain Name Service (DNS) name
resolution to resolve Internet domain names to |P addresses, and vice versa. This is best achieved by placing the IP
address of the DNS server, available from the ISP or network administrator, into/ et c/ resol v. conf .

9.2.2.1. systemd-resolved Configuration

% Note
s

If using methods incompatible with systemd-resolved to configure your network interfaces (ex: ppp, €tc.), or
if using any type of local resolver (ex: bind, dnsmasqg, unbound, etc.), or any other software that generates an
letclresol v. conf (eX: aresolvconf program other than the one provided by systemd), the systemd-r esolved
service should not be used.

To disable systemd-resolved, issue the following command:

systenct!| disable systend-resol ved

When using systemd-resolved for DNS configuration, it creates the file /run/ syst end/ r esol ve/ st ub-resol v. conf .
And, if /etc/resol v. conf doesnot exist, it will be created by systemd-resolved asasymlink to/ run/ syst end/ r esol ve/
st ub-resol v. conf . SO it's unnecessary to create a/ et c/ resol v. conf manualy.

% Note
' 4

If you want to use systemd-resolved for the LFS system but you need to access the Internet in the
chroot environment (for example, for building a BLFS package of which the build process requires an
Internet connection), create the /etc/resol v. conf file following the static configuration below for the
chroot environment so the name resolution will work in the chroot environment. When you exit the chroot
environment, remove it so systemd-r esolved will create the symlink on boot.
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9.2.2.2. Static resolv.conf Configuration

If astatic/etc/resol v. conf isdesired, create it by running the following command:

cat > /etc/resolv.conf << "EOF"
# Begin /etc/resolv. conf

domai n <Your Domai n Name>
nanmeserver <|P address of your prinmary naneserver>
naneserver <IP address of your secondary naneserver>

# End /etc/resol v. conf
ECF

The donai n statement can be omitted or replaced with a sear ch statement. See the man page for resolv.conf for more
details.

Replace<i P address of the naneserver > With the |P address of the DNS server most appropriate for your setup. There

will often be more than one entry (requirements demand secondary servers for falback capability). If you only need

or want one DNS server, remove the second nameserver line from the file. The IP address may aso be arouter on the

local network. Another option is to use the Google Public DNS service using the | P addresses below as nameservers.
% Note

The Google Public IPv4 DNS addresses are 8. 8. 8. 8 and 8. 8. 4. 4 for |Pv4, and 2001: 4860: 4860: : 8888 and
2001: 4860: 4860: : 8844 for |Pv6.

9.2.3. Configuring the system hostname
During the boot process, the file/ et c/ host nane is used for establishing the system's hostname.
Create the/ et c/ host nane file and enter a hostname by running:
echo "<l fs>" > [etc/hostname
<l fs> needs to be replaced with the name given to the computer. Do not enter the Fully Qualified Domain Name
(FQDN) here. That information isput inthe/ et c/ host s file.
9.2.4. Customizing the /etc/hosts File

Decide on afully-qualified domain name (FQDN), and possible aliasesfor usein the/ et ¢/ host s file. If using static |P
addresses, you'll also need to decide on an IP address. The syntax for ahosts file entry is:

| P_address nyhost. exanple.org aliases

Unless the computer is to be visible to the Internet (i.e., there is a registered domain and a valid block of assigned
| P addresses—most users do not have this), make sure that the IP address is in the private network |P address range.
Valid ranges are:

Private Network Address Range Nor mal Prefix
10.0.0.1 - 10. 255. 255. 254 8

172.x.0.1 - 172.x.255. 254 16
192.168.y.1 - 192.168.y. 254 24

X can be any number in the range 16-31. y can be any number in the range 0-255.
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A valid private | P address could be 192.168.1.1.

If the computer is to be visible to the Internet, a valid FQDN can be the domain name itself, or a string resulted by

concatenating a prefix (often the hostname) and the domain name with a*“.” character. And, you need to contact the
domain provider to resolve the FQDN to your public IP address.

Evenif thecomputer isnot visibleto the Internet, aFQDN isstill needed for certain programs, suchasMTAS, to operate
properly. A special FQDN, I ocal host . | ocal domai n, can be used for this purpose.

Create the/ et ¢/ host s file using the following command:

cat > /etc/hosts << "EOF"
# Begin /etc/hosts

<192.168.0.2> <FQDN\> [al iasl] [alias2] ..
B i p6-1 ocal host i p6-1 oopback
ffo2::1 i p6-al | nodes

ff02::2 ip6-allrouters

# End /etc/hosts
EOF

The<192. 168. 0. 2> and <FQDN> val ues need to be changed for specific uses or requirements (if assigned an | P address by
a network/system administrator and the machine will be connected to an existing network). The optional alias name(s)
can be omitted, and the <192. 168. 0. 2> line can be omitted if you are using a connection configured with DHCP or 1Pv6
Autoconfiguration, or using | ocal host . | ocal donai n as the FQDN.

The/ et ¢/ host name does not contain entriesfor | ocal host , I ocal host . | ocal domai n, Or the hostname (without adomain)
because they are handled by the myhost name NSS module, read the man page nss-myhostname(8) for details.

The ::1 entry isthe IPv6 counterpart of 127.0.0.1 and represents the |Pv6 |oopback interface.

9.3. Overview of Device and Module Handling

In Chapter 8, we installed the udev daemon when systemd was built. Before we go into the detail s regarding how udev
works, abrief history of previous methods of handling devicesisin order.

Linux systemsin general traditionally used a static device creation method, whereby a great many device nodes were
created under / dev (sometimesliterally thousands of nodes), regardless of whether the corresponding hardware devices
actually existed. This was typically done viaa MAKEDEYV script, which contained a number of calls to the mknod
program with the relevant major and minor device numbers for every possible device that might exist in the world.

Using the udev method, device nodes are only created for those devices which are detected by the kernel. These device
nodes are created each time the system boots; they are stored in adevt npf s file system (avirtual file system that resides
entirely in system memory). Device nodes do not require much space, so the memory that is used is negligible.

9.3.1. History

In February 2000, a new filesystem called devfs was merged into the 2.3.46 kernel and was made available during
the 2.4 series of stable kernels. Although it was present in the kernel source itself, this method of creating devices
dynamically never received overwhelming support from the core kernel developers.

The main problem with the approach adopted by devf s was the way it handled device detection, creation, and naming.
The latter issue, that of device node naming, was perhaps the most critical. It is generally accepted that if device names
are configurable, the device naming policy should be chosen by system administrators, and not imposed on them by the
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developer(s). Thedevf s file system also suffered from race conditions that were inherent in its design; these could not
be fixed without a substantial revision of the kernel. devf s was marked as deprecated for along time, and was finally
removed from the kernel in June, 2006.

With the development of the unstable 2.5 kernel tree, later released as the 2.6 series of stable kernels, a new
virtual filesystem called sysfs came to be. The job of sysfs is to provide information about the system's hardware
configuration to userspace processes. With this userspace-visible representation, it became possible to develop a
userspace replacement for devf s.

9.3.2. Udev Implementation

9.3.2.1. Sysfs

The sysf s filesystem was mentioned briefly above. One may wonder how sysf s knows about the devices present on a
system and what device numbers should be used for them. Driversthat have been compiled into the kernel register their
objectsin sysfs (devtmpfsinternally) asthey are detected by the kernel. For drivers compiled as modules, registration
happens when the module is loaded. Once the sysfs filesystem is mounted (on /sys), data which the drivers have
registered with sysfs are available to userspace processes and to udevd for processing (including modifications to
device nodes).

9.3.2.2. Device Node Creation

Devicefiles are created by the kernel in the devt npf s file system. Any driver that wishes to register a device node will
use the devt npf s (via the driver core) to do it. When a devt npf s instance is mounted on / dev, the device node will
initially be exposed to userspace with afixed name, permissions, and owner.

A short time later, the kernel will send a uevent to udevd. Based on the rules specified in the files within the / et c/
udev/rul es.d, /usr/lib/udev/rules.d, and /run/udev/rul es. d directories, udevd will create additional symlinks to
the device node, or change its permissions, owner, or group, or modify the internal udevd database entry (name) for
that object.

The rules in these three directories are numbered and all three directories are merged together. If udevd can't find a
rule for the deviceit is creating, it will leave the permissions and ownership at whatever devt npf s used initially.

9.3.2.3. Module Loading

Device drivers compiled as modules may have aliases built into them. Aliases are visible in the output of the modinfo
program and are usualy related to the bus-specific identifiers of devices supported by a module. For example,
the snd-fm801 driver supports PCI devices with vendor ID 0x1319 and device ID 0x0801, and has an alias of
pci : v00001319d00000801sv* sd* bc04sc01i *. FOr most devices, the bus driver exports the alias of the driver that would
handle the device via sysfs. E.g., the / sys/ bus/ pci / devi ces/ 0000: 00: 0d. 0/ nodal i as file might contain the string
pci : v00001319d00000801sv00001319sd00001319bc04sc01i 00. The default rules provided with udev will cause udevd to
call out to /shin/modpr obe with the contents of the MoDALI AS uevent environment variable (which should be the same
as the contents of the nodal i as file in sysfs), thus loading all modules whose aliases match this string after wildcard
expansion.

In this example, this means that, in addition to snd-fm801, the obsolete (and unwanted) forte driver will be loaded if it
isavailable. See below for ways in which the loading of unwanted drivers can be prevented.

The kernel itself is also able to load modules for network protocols, filesystems, and NLS support on demand.
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9.3.2.4. Handling Hotpluggable/Dynamic Devices
When you plug in adevice, such asaUniversal Serial Bus (USB) MP3 player, the kernel recognizes that the deviceis
now connected and generates a uevent. This uevent is then handled by udevd as described above.

9.3.3. Problems with Loading Modules and Creating Devices

There are afew possible problems when it comes to automatically creating device nodes.

9.3.3.1. A Kernel Module Is Not Loaded Automatically

Udev will only load a module if it has a bus-specific alias and the bus driver properly exports the necessary aliases to
sysfs. In other cases, one should arrange module loading by other means. With Linux-6.18.10, udev is known to load
properly-written drivers for INPUT, IDE, PCI, USB, SCSI, SERIO, and FireWire devices.

To determine if the device driver you require has the necessary support for udev, run modinfo with the module name
asthe argument. Now try locating the device directory under / sys/ bus and check whether thereisanodal i as file there.

If the nodal i as file existsin sysfs, the driver supports the device and can talk to it directly, but doesn't have the alias,
itisabug in the driver. Load the driver without the help from udev and expect the issue to be fixed later.

If thereisno nodal i as filein the relevant directory under / sys/ bus, this means that the kernel developers have not yet
added modalias support to this bus type. With Linux-6.18.10, thisis the case with ISA busses. Expect this issue to be
fixed in later kernel versions.

Udev is not intended to load “wrapper” drivers such as snd-pcm-oss and non-hardware drivers such asloop at all.

9.3.3.2. A Kernel Module Is Not Loaded Automatically, and Udev Is Not Intended to Load It

If the “wrapper” module only enhances the functionality provided by some other module (e.g., snd-pcm-oss enhances
the functionality of snd-pcm by making the sound cards available to OSS applications), configure modpr obe to load
the wrapper after udev |oads the wrapped module. To do this, add a“softdep” lineto the corresponding / et ¢/ modpr obe.

d/ <fi | ename>. conf file. For example:

sof tdep snd-pcm post: snd-pcm 0ss

Note that the “softdep” command also allows pre: dependencies, or a mixture of both pre: and post: dependencies.
See the modprobe.d(5) manual page for more information on “softdep” syntax and capabilities.

9.3.3.3. Udev Loads Some Unwanted Module

Either don't build the module, or blacklist it in a/ et ¢/ nodpr obe. d/ bl ackl i st. conf file as done with the forte module
in the example below:

bl acklist forte

Blacklisted modules can still be loaded manually with the explicit modpr obe command.

9.3.3.4. Udev Creates a Device Incorrectly, or Makes the Wrong Symlink

This usually happens if a rule unexpectedly matches a device. For example, a poorly-written rule can match both a
SCSl disk (as desired) and the corresponding SCSI generic device (incorrectly) by vendor. Find the offending rule and
make it more specific, with the help of the udevadm info command.
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9.3.3.5. Udev Rule Works Unreliably

This may be another manifestation of the previous problem. If not, and your rule uses sysfs attributes, it may be a
kernel timing issue, to be fixed in later kernels. For now, you can work around it by creating a rule that waits for the
used sysf s attribute and appending it to the/ et c/ udev/ rul es. d/ 10-wai t _f or _sysfs. rul es file (createthisfileif it does
not exist). Please notify the LFS Development list if you do so and it helps.

9.3.3.6. Udev Does Not Create a Device

First, be certain that the driver is built into the kernel or already loaded as a module, and that udev isn't creating a
misnamed device.

If akernel driver does not export its data to sysf s, udev lacks the information needed to create a device node. Thisis
most likely to happen with third party drivers from outside the kernel tree. Create a static device node in /usr/1i b/
udev/ devi ces With the appropriate major/minor numbers (see the file devi ces. t xt inside the kernel documentation or
the documentation provided by the third party driver vendor). The static device node will be copied to/ dev by udev.

9.3.3.7. Device Naming Order Changes Randomly After Rebooting

Thisisdueto the fact that udev, by design, handles uevents and loads modulesin parallel, and thusin an unpredictable
order. Thiswill never be “fixed.” Y ou should not rely upon the kernel device names being stable. Instead, create your
own rules that make symlinks with stable names based on some stable attributes of the device, such as a serial number
or the output of various* _id utilitiesinstalled by udev. See Section 9.4, “Managing Devices’ and Section 9.2, “ General
Network Configuration” for examples.

9.3.4. Useful Reading

Additional helpful documentation is available at the following sites:

* A Usergpace Implementation of devf s http://www.kroah.convlinux/talks/ols 2003 udev_paper/Reprint-Kroah-
Hartman-OLS2003.pdf

» Thesysfs Filesystem https://www.kernel .or g/pub/linux/ker nel/peopl e/mochel /doc/paper s/ol s-2005/mochel . pdf

9.4. Managing Devices

9.4.1. Dealing with Duplicate Devices

As explained in Section 9.3, “Overview of Device and Module Handling,” the order in which devices with the same
function appear in / dev is essentially random. E.g., if you have a USB web cameraand a TV tuner, sometimes / dev/
vi deo0 refers to the camera and / dev/ vi deo1 refers to the tuner, and sometimes after a reboot the order changes. For
all classes of hardware except sound cards and network cards, thisis fixable by creating udev rulesto create persistent
symlinks. The case of network cardsis covered separately in Section 9.2, “ General Network Configuration,” and sound
card configuration can be found in BLFS

For each of your devices that is likely to have this problem (even if the problem doesn't exist in your current Linux
distribution), find the corresponding directory under / sys/ cl ass Of / sys/ bl ock. For video devices, this may be/sys/
cl ass/ vi deo4l i nux/ vi deoX. Figure out the attributes that identify the device uniquely (usually, vendor and product IDs
and/or serial numbers work):

‘ udevadminfo -a -p /sys/class/video4linux/vi deo0O ‘
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Then write rules that create the symlinks, e.q.:

cat > /etc/udev/rul es.d/ 83-duplicate_devs.rules << "EOF"

# Persistent synlinks for webcam and tuner
KERNEL=="vi deo*", ATTRS{i dProduct}=="1910", ATTRS{i dVendor}=="0d81", SYM.I NK+="webcant
KERNEL=="vi deo*", ATTRS{devi ce}=="0x036f", ATTRS{vendor}=="0x109e", SYM.|I NK+="tvtuner"

ECF

Theresult isthat / dev/ vi deoo and / dev/ vi deo1 devices till refer randomly to the tuner and the web camera (and thus
should never be used directly), but there are symlinks / dev/ t vt uner and / dev/ webcamthat always point to the correct
device.

9.5. Configuring the System Clock

This section discusses how to configure the systemd-timedated system service, which configures the system clock
and timezone.

If you cannot remember whether or not the hardware clock is set to UTC, find out by running the hwel ock --1ocal tine
--show command. This will display what the current time is according to the hardware clock. If this time matches
whatever your watch says, then the hardware clock is set to local time. If the output from hwclock is not local time,
chances are it is set to UTC time. Verify this by adding or subtracting the proper amount of hours for the timezone
to the time shown by hwclock. For example, if you are currently in the MST timezone, which is also known as GMT
-0700, add seven hours to the local time.

systemd-timedated reads / et c/ adj ti me, and depending on the contents of the file, sets the clock to either UTC or
local time.

Createthe/ et c/ adj ti me file with the following contentsif your hardware clock is set to local time:

cat > /etc/adjtine << "EO"
0.0 0 0.0

0

LOCAL

ECF

If /et c/adjtinmeisn't present at first boot, systemd-timedated will assume that hardware clock is set to UTC and adjust
the file according to that.

Y ou can also use the timedatect! utility to tell systemd-timedated if your hardware clock is set to UTC or local time:
timedatect| set-local-rtc 1

timedatect! can also be used to change system time and time zone.

To change your current system time, issue:

tinedatect! set-time YYYY- MV DD HH MM SS

The hardware clock will aso be updated accordingly.

To change your current time zone, issue:

timedatect| set-tinmezone TI MEZONE

Y ou can get alist of available time zones by running:

tinmedatect! |ist-tinmezones
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% Note
’ 4

Please note that the timedatect] command doesn't work in the chroot environment. It can only be used after
the LFS system is booted with systemd.

9.5.1. Network Time Synchronization

Starting with version 213, systemd ships a daemon called systemd-timesyncd which can be used to synchronize the
system time with remote NTP servers.

The daemon is not intended as areplacement for the well established NTP daemon, but as a client only implementation
of the SNTP protocol which can be used for less advanced tasks and on resource limited systems.

Starting with systemd version 216, the systemd-timesyncd daemon is enabled by default. If you want to disable it,
issue the following command:

‘ systenct!| disable systend-timesyncd ‘

The/etc/systenmd/ ti mesyncd. conf file can be used to change the NTP servers that systemd-timesyncd synchronizes
with.

Please note that when system clock is set to Local Time, systemd-timesyncd won't update hardware clock.

9.6. Configuring the Linux Console

This section discusses how to configure the systemd-vconsole-setup system service, which configures the virtual
console font and console keymap.

The systemd-vconsole-setup service reads the / et ¢/ vconsol e. conf file for configuration information. Decide which
keymap and screen font will be used. V arious language-specific HOWTOs can a so help with this, see https://tldp.org/
HOWTO/HOWTO-INDEX/other-lang.html. Examine the output of localect! list-keymaps for a list of valid console
keymaps. Look in the/ usr/ shar e/ consol ef ont s directory for valid screen fonts.

The/etc/vconsol e. conf fileshould contain lines of the form: varl ABLE=val ue. Thefollowing variables are recognized:

KEYMAP

This variable specifies the key mapping table for the keyboard. If unset, it defaultsto us.
KEYMAP_TOGGLE

This variable can be used to configure a second toggle keymap and is unset by default.
FONT

This variable specifies the font used by the virtual console.
FONT_MAP

This variable specifies the console map to be used.

FONT_UNIMAP
This variable specifies the Unicode font map.

WEell use c urr-8 as the locale for interactive sessions in the Linux console in Section 9.7, “Configuring the
System Locale.” The console fonts shipped by the Kbd package containing the glyphs for all characters from the
program messages in the c. uTF- 8 locae are Lat Ar Cyr Heb*. psfu. gz, Lat G kCyr *. psfu. gz, Lat 2- Ter m nus16. psfu. gz,
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and pancyrillic.f16.psfu.gz iN /usr/sharel/ consol ef onts (the other shipped console fonts lack glyphs of some
characters like the Unicode left/right quotation marks and the Unicode English dash). So set one of them, for example
Lat 2- Ter mi nus16. psf u. gz as the default console font:

echo FONT=Lat 2- Termi nusl1l6 > /etc/vconsol e. conf ‘

An example for a German keyboard and console is given below:

cat > /etc/vconsol e. conf << "EOF"
KEYMAP=de- | ati nl

FONT=Lat 2- Ter mi nus16

ECF

Y ou can change KEYMAP value at runtime by using the localectl utility:

| ocal ect| set-keymap MAP ‘

% Note
' 4

Please note that the localectl command doesn't work in the chroot environment. It can only be used after the
LFS system is booted with systemd.

You can aso use localect! utility with the corresponding parameters to change X 11 keyboard layout, model, variant
and options:

‘ | ocal ect] set-x11-keymap LAYOUT [ MODEL] [ VARI ANT] [ OPTI ONS] ‘

To list possible values for localectl set-x11-keymap parameters, run localectl with parameters listed below:
list-x11-keymap-models
Shows known X 11 keyboard mapping models.
list-x11-keymap-layouts
Shows known X 11 keyboard mapping layouts.
list-x11-keymap-variants
Shows known X 11 keyboard mapping variants.
list-x11-keymap-options
Shows known X 11 keyboard mapping options.

% Note
Using any of the parameters listed above requires the XKeyboard-Config package from BLFS.

9.7. Configuring the System Locale

Some environment variables are necessary for native language support. Setting them properly resultsin:

» The output of programs being translated into your native language

» The correct classification of charactersinto letters, digits and other classes. Thisis necessary for bash to properly
accept non-ASCII charactersin command lines in non-English locales

» The correct aphabetical sorting order for the country
» The appropriate default paper size
» The correct formatting of monetary, time, and date values
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Replace <1 | > below with the two-letter code for your desired language (e.g., en) and <cc> with the two-letter code for
the appropriate country (e.g., G8). <char map> should be replaced with the canonical charmap for your chosen locale.
Optional modifiers such as @ur o may also be present.

Thelist of all locales supported by Glibc can be obtained by running the following command:

locale -a

Charmaps can have a number of aiases, e.g., 1 S0 8859-1 is aso referred to as i s08859-1 and i s088591. Some
applications cannot handle the various synonyms correctly (e.g., require that utr- 8 is written as UTF- 8, not ut f 8), SO
it is the safest in most cases to choose the canonical name for a particular locale. To determine the canonical name,
run the following command, where <l ocal e nane> is the output given by locale -a for your preferred locale (en_ca.

i 5088591 in our example).

LC ALL=<l| ocal e nanme> | ocal e char map

For the en_cB. i s088591 locale, the above command will print:

| SO- 8859- 1

Thisresultsin afinal locale setting of en_aGB. 1 SO 8859- 1. It isimportant that the locale found using the heuristic above
istested prior to it being added to the Bash startup files:

LC ALL=<l| ocal e nanme> | ocal e | anguage

LC ALL=<I| ocal e nane> | ocal e char map

LC ALL=<l| ocal e nane> | ocal e int_curr_synbol
LC ALL=<l| ocal e name> | ocal e int_prefix

The above commands should print the language name, the character encoding used by the locale, the local currency,
and the prefix to dial before the telephone number in order to get into the country. If any of the commands above fail
with a message similar to the one shown below, this means that your locale was either not installed in Chapter 8 or is
not supported by the default installation of Glibc.

| ocal e: Cannot set LC * to default |ocale: No such file or directory

If thishappens, you should either install the desired |ocal e using thelocaledef command, or consider choosing adifferent
locale. Further instructions assume that there are no such error messages from Glibc.

Other packages can also function incorrectly (but may not necessarily display any error messages) if the locale name
does not meet their expectations. In those cases, investigating how other Linux distributions support your locale might
provide some useful information.

Once the proper local e settings have been determined, createthe/ et c/ 1 ocal e. conf file:

cat > /etc/local e.conf << "EOF"
LANG=<I | > <CC>. <char map><@odi fi er s>
ECF

The shell program /bin/bash (here after referred as “the shell”) uses a collection of startup files to help create the
environment to run in. Each file has a specific use and may affect login and interactive environments differently. The
filesin the /et c directory provide global settings. If equivalent files exist in the home directory, they may override
the global settings.

An interactive login shell is started after a successful login, using /bin/login, by reading the / et ¢/ passwd file. An
interactive non-login shell is started at the command-line (e.g. [ pr onpt ] $/bin/bash). A non-interactive shell is usually
present when a shell script is running. It is non-interactive because it is processing a script and not waiting for user
input between commands.
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The login shells are often unaffected by the settingsin/etc/ 1 ocal e. conf . Create the /et ¢/ profil e to read the locale
settingsfrom /et c/ 1 ocal e. conf and export them, but set the c. utr- 8 locale instead if running in the Linux console (to
prevent programs from outputting characters that the Linux console is unable to render):

cat > /etc/profile << "EOF"
# Begin /etc/profile

for i in $(locale); do
unset ${i %*}
done

if [[ "$TERM' = linux ]]; then
export LANG=C. UTF- 8

el se
source /etc/local e. conf

for i in $(locale); do
key=${i %*}
if [[ -v $key ]]; then

export $key
f
done
f

# End /etc/profile
ECF

Note that you can modify / et c/ 1 ocal e. conf with the systemd localect! utility. To use localect| for the example above,
run:

| ocal ectl set-locale LANG="<II|>_<CC>. <char map><@modi fi er s>"

Y ou can also specify other language specific environment variables such as LANG, LC_CTYPE, LC_NUMERI C Or any other
environment variablefromlocal e output. Just separate them with aspace. An examplewhereLancisset asen US.UTF-8
but Lc cTyPEisset asjust en USis:

| ocal ectl set-locale LANG="en_US. UTF-8" LC CTYPE="en_US"

% Note
V 4

Please note that the localectl command doesn't work in the chroot environment. It can only be used after the
LFS system is booted with systemd.

The c (default) and en_us (the recommended one for United States English users) locales are different. c usesthe US-
ASCII 7-bit character set, and treats bytes with the high bit set asinvalid characters. That's why, e.g., the s command
substitutes them with question marks in that locale. Also, an attempt to send mail with such characters from Muitt or
Pine results in non-RFC-conforming messages being sent (the charset in the outgoing mail is indicated as unknown 8-
bi t ). It's suggested that you use the c locale only if you are certain that you will never need 8-bit characters.

9.8. Creating the /etc/inputrc File

Thei nput rc fileisthe configuration file for the readline library, which provides editing capabilities while the user is
entering aline from the terminal. It works by translating keyboard inputsinto specific actions. Readline is used by bash
and most other shells as well as many other applications.

Most people do not need user-specific functionality so the command below creates a global /et c/i nputrc used by
everyonewho logsin. If you later decide you need to override the defaults on aper user basis, you can createa. i nput rc
filein the user's home directory with the modified mappings.
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For more information on how to edit thei nput r ¢ file, see info bash under the Readline Init File section. info readline
isalso agood source of information.

Below is a generic global i nput r ¢ along with comments to explain what the various options do. Note that comments
cannot be on the same line as commands. Create the file using the following command:

cat > /etc/inputrc << "EOF"
# Begin /etc/inputrc
# Modified by Chris Lynn <roryo@ oryo. dynup. net >

# Al low the command pronmpt to wap to the next |ine
set horizontal -scroll-npde Of

# Enable 8-bit input
set neta-flag On
set input-meta On

# Turns off 8th bit stripping
set convert-neta O f

# Keep the 8th bit for display
set output-nmeta On

# none, visible or audible
set bell-style none

# Al of the followi ng map the escape sequence of the val ue

# contained in the 1st argunent to the readline specific functions
"\eQd": backward-word

"\eCc": forward-word

# for |inux console

"\'e[1~": begi nni ng-of -1ine
"\e[4~": end-of-line

"\'e[ 5~": begi nni ng-of - hi story
"\'e[6~": end-of-history
"\'e[3~": del ete-char

"\'e[2~": quoted-insert

# for xterm
"\ eOH': begi nni ng-of-1ine
"\eOF": end-of-line

# for Konsol e
"\'e[H': beginni ng-of-Iline
"\e[F": end-of-line

# End /etc/inputrc
ECF

9.9. Creating the /etc/shells File

Theshel I s file contains alist of login shells on the system. Applications use this file to determine whether a shell is
valid. For each shell a single line should be present, consisting of the shell's path relative to the root of the directory
structure (/).

For example, thisfile is consulted by chsh to determine whether an unprivileged user may change the login shell for
her own account. If the command name is not listed, the user will be denied the ability to change shells.
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It isarequirement for applications such as GDM which does not populate the face browser if it can't find/ et c/ shel I's,

or FTP daemons which traditionally disallow access to users with shells not included in thisfile.

cat > /etc/shells << "EOF"
# Begin /etc/shells

/ bi n/ sh
/ bi n/ bash

# End /etc/shells
ECF

9.10. Systemd Usage and Configuration

9.10.1. Basic Configuration

The/etc/ systend/ system conf file contains a set of options to control basic systemd operations. The default file has

all entries commented out with the default settings indicated. This file is where the log level may be changed as well

as some basic logging settings. See the systemd-system.conf(5) manual page for details on each configuration option.
9.10.2. Disabling Screen Clearing at Boot Time

The normal behavior for systemd is to clear the screen at the end of the boot sequence. If desired, this behavior may
be changed by running the following command:

nkdir -pv /etc/systend/ systenm getty@tyl. service.d

cat > /etc/systend/ systenigetty@tyl. service. d/ nocl ear. conf << EOF

[ Servi ce]

TTYVTDi sal | ocat e=no

ECF

The boot messages can always be reviewed by using thej ournal ct1 -b command asther oot user.

9.10.3. Disabling tmpfs for /tmp
By default, / t np is created as atmpfs. If thisis not desired, it can be overridden by executing the following command:

In -sfv /dev/null /etc/systend/ systentnp. nount

Alternatively, if a separate partition for / t np is desired, specify that partitionin asetc/ f st ab entry.

. Warning

Do not create the symbolic link above if a separate partition is used for / t np. This will prevent the root file
system (/) from being remounted r/w and make the system unusable when booted.

9.10.4. Configuring Automatic File Creation and Deletion
There are several servicesthat create or delete files or directories:

» systemd-tmpfiles-clean.service
» systemd-tmpfiles-setup-dev.service
o systemd-tmpfiles-setup.service

259


https://man.archlinux.org/man/systemd-system.conf.5

Linux From Scratch - Version 13.0-systemd

The system location for the configuration filesis/usr/1ib/tnpfiles.d/ *. conf. Theloca configuration filesarein/
etc/tnpfiles.d.Filesin/etc/tnpfiles.doverridefileswiththesamenamein/usr/1ib/tnpfiles. d. Seetmpfiles.d(5)
manual page for file format details.

Note that the syntax for the /usr/1ib/tnpfiles.d/ *. conf filescan be confusing. For example, the default deletion of
filesin the /tmp directory islocated in/usr/1ib/tnpfiles.d/tnp. conf Withtheline:

q /tnmp 1777 root root 10d

Thetypefield, g, indicates the creation of a subvolume with quotas which isreally only applicable to btrfs filesystems.
It references type v which in turn references type d (directory). This then creates the specified directory if it is not
present and adjusts the permissions and ownership as specified. Contents of the directory will be subject to time based
cleanup if the age argument is specified.

If the default parameters are not desired, then the file should be copied to / et c/ t npfi | es. d and edited as desired. For
example:

nkdir -p /etc/tnpfiles.d
cp /usr/lib/tnpfiles.d/tnp.conf /etc/tnpfiles.d

9.10.5. Overriding Default Services Behavior

The parameters of a unit can be overridden by creating a directory and a configuration file in / et c/ syst end/ syst em
For example:

nkdi r -pv /etc/systend/ systenifoobar. service.d

cat > /etc/systend/ systenifoobar. service. d/ foobar.conf << EOF
[ Servi ce]

Rest ar t =al ways

Rest art Sec=30

ECF

See systemd.unit(5) manual page for more information. After creating the configuration file, run systenct! daenon-
rel oad and systenct| restart foobar tO activate the changesto a service.

9.10.6. Debugging the Boot Sequence

Rather than plain shell scripts used in SysVinit or BSD style init systems, systemd uses a unified format for different
types of startup files (or units). The command systemctl is used to enable, disable, control state, and obtain status of
unit files. Here are some examples of frequently used commands:

o systemctl list-units-t <servi ce> [--all]: lists loaded unit files of type service.
o systemctl list-units-t <t ar get > [--all]: lists loaded unit files of type target.

» gystemctl show -p Wants<mul ti - user. t arget >: shows al units that depend on the multi-user target. Targets are
special unit files that are analogous to runlevels under SysVinit.
» systemctl status <servi cenane. servi ce>: sShows the status of the servicename service. The .service extension can

be omitted if there are no other unit files with the same name, such as .socket files (which create a listening socket
that provides similar functionality to inetd/xinetd).

9.10.7. Working with the Systemd Journal

Logging on a system booted with systemd is handled with systemd-journald (by default), rather than a typical unix
syslog daemon. Y ou can also add a normal syslog daemon and have both operate side by side if desired. The systemd-
journald program storesjournal entriesin abinary format rather than aplain text log file. To assist with parsing thefile,
the command journalctl is provided. Here are some examples of frequently used commands:
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journalctl -r: showsall contents of the journal in reverse chronological order.

journalctl -u uni T: shows the journal entries associated with the specified UNIT file.

journalctl -b[=1D] -r: showsthe journal entries since last successful boot (or for boot D) in reverse chronological
order.

journalctl -f: provides functionality similar to tail -f (follow).

9.10.8. Working with Core Dumps

Core dumps are useful to debug crashed programs, especially when a daemon process crashes. On systemd booted
systems the core dumping is handled by systemd-coredump. It will log the core dump in the journal and store the
coredumpitselfin/var/1i b/ syst emd/ cor edunp. TO retrieve and process core dumps, the cor edumpctl tool is provided.
Here are some examples of frequently used commands:

o coredumpctl -r: lists all core dumpsin reverse chronological order.
» coredumpctl -1 info: shows the information from the last core dump.
» coredumpctl -1 debug: loads the last core dump into GDB.

Core dumps may use a lot of disk space. The maximum disk space used by core dumps can be limited by creating a
configuration filein/ et c/ syst end/ cor edunp. conf . d. For example:

nkdi r -pv /etc/systend/ coredunp. conf.d

cat > /etc/systend/ coredunp. conf.d/ maxuse. conf << ECF
[ Cor edunp]

MaxUse=5G

ECF

See the systemd-coredump(8), coredumpctl(1), and coredump.conf.d(5) manual pages for more information.

9.10.9. Long Running Processes

Beginning with systemd-230, all user processes are killed when a user session is ended, even if nohup is used, or the
process usesthedaenon() or setsi d() functions. Thisisadeliberate change from ahistorically permissive environment
to a more restrictive one. The new behavior may cause issues if you depend on long running programs (e.g., screen
or tmux) to remain active after ending your user session. There are three ways to enable lingering processes to remain
after auser session is ended.

» Enable process lingering for only selected users: Normal users have permission to enable process lingering with
the command loginctl enable-linger for their own user. System administrators can use the same command with
auser argument to enable for auser. That user can then use the systemd-run command to start long running
processes. For example: systemd-run --scope --user /usr/bin/screen. If you enable lingering for your user, the
user@.service will remain even after all login sessions are closed, and will automatically start at system boot. This
has the advantage of explicitly allowing and disallowing processes to run after the user session has ended, but
breaks backwards compatibility with tools like nohup and utilities that use daenon() .

» Enable system-wide process lingering: You can Set ki | | User Processes=no iN/ et c/ syst end/ | ogi nd. conf to enable
process lingering globally for all users. This has the benefit of leaving the old method available to all users at the
expense of explicit control.

 Disable at build-time: Y ou can disable lingering by default while building systemd by adding the switch - b
defaul t-ki | | -user - processes=f al se to the meson command for systemd. This completely disables the ability of
systemd to kill user processes at session end.
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Chapter 10. Making the LFS System Bootable
10.1. Introduction

It istime to make the LFS system bootable. This chapter discusses creating the /et ¢/ f st ab file, building a kernel for
the new LFS system, and installing the GRUB boot loader so that the LFS system can be selected for booting at startup.

10.2. Creating the /etc/fstab File

The/etc/ fstab fileisused by some programs to determine where file systems are to be mounted by default, in which
order, and which must be checked (for integrity errors) prior to mounting. Create a new file systemstable like this:

cat > /etc/fstab << "ECF"
# Begin /etc/fstab

# file system nount-point type opti ons dunp fsck
# or der
[ dev/ <xxx> / <fff> defaul ts 1 1
[ dev/ <yyy> swap swap pri=1 0 0

# End /etc/fstab
ECF

Replace <xxx>, <yyy>, and <f f f > with the values appropriate for the system, for example, sda2, sdas, and ext 4. For
details on the six fields in thisfile, see fstab(5).

Filesystems with MS-DOS or Windows origin (i.e. vfat, ntfs, smbfs, cifs, is09660, udf) need a special option, utf8, in
order for non-ASCI| charactersin file namesto be interpreted properly. For non-UTF-8 locales, the value of i ochar set

should be set to be the same as the character set of the locale, adjusted in such away that the kernel understandsit. This
worksif the relevant character set definition (found under File systems -> Native Language Support when configuring
the kernel) has been compiled into the kernel or built asamodule. However, if the character set of thelocaleis UTF-8,
the corresponding optioni ochar set =ut f 8 would make the file system case sensitive. To fix this, use the special option
ut f 8 instead of i ochar set =ut f 8, for UTF-8locales. The* codepage” option isalso needed for vfat and smbfsfilesystems.
It should be set to the codepage number used under MS-DOS in your country. For example, in order to mount USB
flash drives, aru_RU.KOI8-R user would need the following in the options portion of its mount linein/ et c/ f st ab:

noaut o, user, qui et , showexec, codepage=866, i ochar set =koi 8r

The corresponding options fragment for ru RU.UTF-8 usersis.

noaut o, user, qui et , showexec, codepage=866, utf 8

Notethat usingi ochar set isthedefault fori sogss9- 1 (which keepsthefile system caseinsensitive), and the ut f 8 option
tells the kernel to convert the file names using UTF-8 so they can be interpreted in the UTF-8 locale.

It is aso possible to specify default codepage and iocharset values for some filesystems during kernel configuration.
The relevant parameters are named “Default NLS Option” (conFl G NLS_DEFAULT) , “Default Remote NLS Option”
(conFl G_sMB_NLS_DEFAULT), “Default codepage for FAT” (CONFI G_FAT_DEFAULT_CODEPAGE), and “Default iocharset for
FAT” (CONFI G FAT_DEFAULT_I OCHARSET). There is no way to specify these settings for the ntfs filesystem at kernel
compilation time.
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10.3. Linux-6.18.10

The Linux package contains the Linux kernel.

Approximate build time: 0.4 - 32 SBU (typically about 2.5 SBU)
Required disk space: 1.7 - 14 GB (typically about 2.3 GB)

10.3.1. Installation of the kernel

Building the kernel involvesafew steps—configuration, compilation, and installation. Read the ReADVE filein the kernel
source tree for aternative methods to the way this book configures the kernel.

I mportant

Building thelinux kernel for thefirst timeis one of the most challenging tasksin LFS. Getting it right depends
on the specific hardware for the target system and your specific needs. There are almost 12,000 configuration
itemsthat are available for the kernel although only about athird of them are needed for most computers. The
LFS editors recommend that users not familiar with this process follow the procedures below fairly closely.
The objectiveisto get aninitial system to apoint where you can log in at the command line when you reboot
later in Section 11.3, “Rebooting the System.” At this point optimization and customization is not a goal.

For general information on kernel configuration see https: //mawww.linuxfromscr atch.or g/hints/downl oads/files/
kernel-configuration.txt. Additional information about configuring and building the kernel can be found at
https://anduin.linuxfromscratch.org/LFSkernel-nutshell/. These references are a bit dated, but still give a
reasonable overview of the process.

If all elsefails, you can ask for help on the Ifs-support mailing list. Note that subscribing is required in order
for the list to avoid spam.

Prepare for compilation by running the following command:

make nrproper

Thisensuresthat the kernel tree is absolutely clean. The kernel team recommends that this command be issued prior to
each kernel compilation. Do not rely on the source tree being clean after un-tarring.

There are several ways to configure the kernel options. Usually, this is done through a menu-driven interface, for
example:

make nenuconfig

The meaning of optional make environment variables:

LANG=<host _LANG val ue> LC ALL=

' 4

This establishesthe local e setting to the one used on the host. Thismay be needed for a proper menuconfig ncurses
interface line drawing on a UTF-8 linux text console.

If used, be sure to replace <host _LANG val ue> by the value of the sLANG variable from your host. You can
aternatively use instead the host's value of $LC_ALL Or $LC_CTYPE.

make menuconfig
This launches an ncurses menu-driven interface. For other (graphical) interfaces, type make help.

Note

A good starting place for setting up the kernel configuration is to run make defconfig. Thiswill set the base
configuration to a good state that takes your current system architecture into account.
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Be sure to enable/disable/set the following features or the system might not work correctly or boot at all:

General setup --->
[ ] Conpile the kernel with warnings as errors [ VERROR]
CPU Task time and stats accounting --->
[*] Pressure stall information tracking [PSI]
[ ] Requi re boot paraneter to enable pressure stall information tracking
[ PSI _DEFAULT_DI SABLED]
< > Enabl e kernel headers through /sys/kernel/kheaders.tar.xz [ I KHEADERS]
[*] Control Group support ---> [ CGROUPS]
[*] Menmory controll er [ MEMCGH
[ /*] CPU controller ---> [ CGROUP_SCHED]
# This may cause sone systend features mal function:
[ ] Goup scheduling for SCHED RR/ FI FO [ RT_GROUP_SCHED]
[ ] Configure standard kernel features (expert users) ---> [ EXPERT]
Processor type and features --->
[*] Build a rel ocatabl e kernel [ RELOCATABLE]
[*] Random ze the address of the kernel inmage (KASLR) [ RANDOM ZE_BASE]
General architecture-dependent options --->
[*] Stack Protector buffer overflow detection [ STACKPROTECTCR]
[*] Strong Stack Protector [ STACKPROTECTOR_STRONG
[*] Networking support ---> [ NET]
Net wor ki ng options --->
[*] TCP/1P networking [ I NET]
> The |1 Pv6 protocol ---> [ 1 PV6]
Device Drivers --->
Generic Driver Options --->
[ ] Support for uevent hel per [ UEVENT_HELPER]
[*] Maintain a devtnpfs filesystemto nmount at /dev [ DEVTMPES]

[*] Aut onbunt devtnpfs at /dev, after the kernel nmounted the rootfs

[ DEVTMPFS_MOUNT]
Fi rmvare | oader --->

< /*> Firnmware |loading facility [ FW LOADER]

[ ] Enabl e the firnmnare sysfs fall back nechani sm [ FW LOADER USER HELPER]
Firmvare Drivers --->

[*] Export DM identification via sysfs to userspace [DM | D]

[*] Mark VGA/ VBE/ EFI FB as generic system franmebuffer [ SYSFB_SI MPLEFB]
G aphi cs support --->

<* > Di rect Rendering Manager (XFree86 4.1.0 and hi gher DRI support) --->

[ DRM

[*] Di splay a user-friendly message when a kernel panic occurs
[ DRM_PANI C]
(knsg) Pani c screen formatter [ DRM_PANI C_SCREEN]

Supported DRM clients --->
[*] Enable | egacy fbdev support for your nodesetting driver
[ DRM _FBDEV_EMJLATI ON|

Drivers for systemframebuffers --->
<*> Sinple framebuffer driver [ DRM_SI MPLEDRM
Consol e di splay driver support --->
[*] Franebuffer Consol e support [ FRAMEBUFFER_CONSOLE]
File systens --->
[*] Inotify support for userspace [ 1 NOTI FY_USER]
Pseudo fil esystens --->
[*] Tnpfs virtual nenory file system support (former shmfs) [ TMPES]
[*] Tnpfs POSI X Access Control Lists [ TMPES_PGCSI X_ACL]
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Enable some additional featuresif you are building a64-bit system. If you are using menuconfig, enable them
inthe order of conFi G_Pal _Msl first, then conFi G | RQ REMAP, at last CoNFI G_X86_x2API C because an option only
shows up after its dependencies are selected.

Processor type and features --->
[*] X2APIC interrupt controller architecture support [ X86_X2API C]
Device Drivers --->
[*] PCl support ---> [PCI]
[*] Message Signaled Interrupts (MSI and MSI - X) [PCl MBI ]
[*] 1OMWUJ Har dware Support ---> [ I OVWU_SUPPORT]
[*] Support for Interrupt Renapping [ 1 RQ_RENVAP]

If you are building a 32-bit system, adjust the configuration so the kernel will be able to use up to 4GB
physical RAM:

Processor type and features --->
[*] H gh Menory Support [ H GHVEMAG

If the partition for the LFS system isin aNVME SSD (i. e. the device node for the partition is/ dev/ nvime*
instead of / dev/ sd*), enable NVME support or the LFS system won't boot:

Device Drivers --->
NVVE Support --->
<*> NVM Express bl ock device [ BLK_DEV_NVME]
Note

While "The IPv6 Protocol” is not strictly required, it is highly recommended by the systemd developers.

There are several other options that may be desired depending on the requirements for the system. For alist of options
needed for BLFS packages, see the BLFS Index of Kernel Settings.

nd

Note

If your host hardware is using UEFI and you wish to boot the LFS system with it, you should adjust some
kernel configuration following the BLFSpage even if you'll usethe UEFI bootloader from the host distro.

Therationale for the above configuration items:

Randomni ze the address of the kernel image (KASLR)

Enable ASLR for kernel image, to mitigate some attacks based on fixed addresses of sensitive data or code in

the kernel.

Conpil e the kernel with warnings as errors

This may cause building failure if the compiler and/or configuration are different from those of the kernel
developers.

Enabl e kernel headers through /sys/kernel/kheaders.tar.xz

Thiswill require cpio building the kernel. cpio isnot installed by LFS.

Configure standard kernel features (expert users)
Thiswill make some options show up in the configuration interface but changing those options may be dangerous.

Do not use this unless you know what you are doing.
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Strong Stack Protector
Enable SSPfor the kernel. We've enabled it for the entire userspace with - - enabl e- def aul t - ssp configuring GCC,
but the kernel does not use GCC default setting for SSP. We enable it explicitly here.

Support for uevent hel per
Having this option set may interfere with device management when using Udev.

Mai ntain a devtnpfs
This will create automated device nodes which are populated by the kernel, even without Udev running. Udev
then runs on top of this, managing permissions and adding symlinks. This configuration item is required for all
users of Udev.

Aut onbunt devtnpfs at /dev
Thiswill mount the kernel view of the devices on /dev upon switching to root filesystem just before starting init.

Di splay a user-friendly nessage when a kernel panic occurs

Thiswill make the kernel correctly display the message in case akernel panic happens and arunning DRM driver
supportsto do so. Without this, it would be more difficult to diagnose apanic: if no DRM driver isrunning, we'd be
ontheVGA console which can only hold 24 lines and the relevant kernel message is often flushed away; if aDRM
driver is running, the display is often completely messed up on panic. As of Linux-6.12, none of the dedicated
drivers for mainstream GPU models really supports this, but it's supported by the “Simple framebuffer driver”
which runs on the VESA (or EFI) framebuffer before the dedicated GPU driver is loaded. If the dedicated GPU
driver is built as a module (instead of a part of the kernel image) and no initramfs is used, this functionality will
work just fine before the root file system is mounted and it's already enough for providing information about most
LFS configuration errors causing a panic (for example, an incorrect r oot = Setting in Section 10.4, “Using GRUB
to Set Up the Boot Process’).

Pani ¢ screen formatter
Set thiskmsg to make sure the last kernel messages lines are displayed when a kernel panic happens. The default,
user , would make the kernel show only a “user friendly” panic message which is not helpful on diagnostic. The
third choice, gr _code, would make the kernel to compressthe last kernel message linesinto a QR code and display
it. The QR code can hold more message lines than plain text and it can be decoded with an external device (like
asmart phone). But it requires a Rust compiler that LFS does not provide.

Mar k VGA/ VBE/ EFI FB as generic system franebuffer anCiSiane framebuffer driver
These alow to use the VESA framebuffer (or the EFI framebuffer if booting the LFS system via UEFI) as a
DRM device. The VESA framebuffer will be set up by GRUB (or the EFI framebuffer will be set up by the UEFI
firmware), so the DRM panic handler can function before the GPU-specific DRM driver is loaded.

Enabl e | egacy fbdev support for your nodesetting driver and Franebuf fer Consol e support
These are needed to display the Linux console on a GPU driven by aDRI (Direct Rendering Infrastructure) driver.
As conFl G DRM (Direct Rendering Manager) is enabled, we should enable these two options as well or we'll see
a blank screen once the DRI driver isloaded.

Support x2apic
Support running the interrupt controller of 64-bit x86 processors in Xx2APIC mode. x2APIC may be enabled by
firmware on 64-bit x86 systems, and a kernel without this option enabled will panic on boot if x2APIC is enabled
by firmware. This option has no effect, but also does no harm if x2APIC is disabled by the firmware.

Alternatively, make oldconfig may be more appropriate in some situations. See the ReaDMVE file for more information.

If desired, skip kernel configuration by copying the kernel config file, . confi g, from the host system (assuming it is
available) to the unpacked 1 i nux- 6. 18. 10 directory. However, we do not recommend this option. It is often better to

explore al the configuration menus and create the kernel configuration from scratch.
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Compile the kernel image and modules:

make

If using kernel modules, module configuration in/ et ¢/ nodpr obe. d may be required. Information pertaining to modules
and kernel configuration is located in Section 9.3, “Overview of Device and Module Handling” and in the kernel
documentation in the! i nux- 6. 18. 10/ Docunent at i on directory. Also, modprobe.d(5) may be of interest.

Unless module support has been disabled in the kernel configuration, install the modules with:

make nodul es_i nstal |

After kernel compilation is complete, additional steps are required to complete the installation. Some files need to be
copied to the/ boot directory.

A Caution

If you've decided to use a separate / boot partition for the LFS system (maybe sharing a/ boot partition with
the host distro), the files copied below should go there. The easiest way to do that is to create the entry for /
boot iN/etc/fstab first (read the previous section for details), then issue the following command as ther oot
user in the chroot environment:

mount / boot

The path to the device node is omitted in the command because mount can read it from /et ¢/ f st ab.

The path to the kernel image may vary depending on the platform being used. The filename below can be changed to
suit your taste, but the stem of the filename should be vmlinuz to be compatible with the automatic setup of the boot
process described in the next section. The following command assumes an x86 architecture:

cp -iv arch/x86/boot/ bzl mage /boot/vm inuz-6.18. 10-1fs-13. 0-systend

syst em map isasymbol filefor the kernel. It maps the function entry points of every function in the kernel API, aswell
as the addresses of the kernel data structures for the running kernel. It is used as a resource when investigating kernel
problems. Issue the following command to install the map file:

cp -iv System map /boot/ Syst em map-6. 18. 10

The kernel configuration file . confi g produced by the make menuconfig step above contains all the configuration
selections for the kernel that was just compiled. It isagood ideato keep thisfile for future reference:

cp -iv .config /boot/config-6.18.10

Install the documentation for the Linux kernel:

cp -r Docunentation -T /usr/share/doc/linux-6.18.10

It isimportant to notethat thefilesin the kernel sourcedirectory are not owned by root. Whenever apackageisunpacked
as user root (like we did inside chroot), the files have the user and group I1Ds of whatever they were on the packager's
computer. Thisis usually not a problem for any other package to be installed because the source tree is removed after
the installation. However, the Linux source tree is often retained for a long time. Because of this, there is a chance
that whatever user 1D the packager used will be assigned to somebody on the machine. That person would then have
write access to the kernel source.
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% Note
’ 4

In many cases, the configuration of the kernel will need to be updated for packages that will be installed later
in BLFS. Unlike other packages, it is not necessary to remove the kernel source tree after the newly built
kernel isinstalled.

If the kernel source tree is going to be retained, run chown -R 0:0 on the 1 i nux- 6. 18. 10 directory to ensure
al files are owned by user root.

If you are updating the configuration and rebuilding the kernel from a retained kernel source tree, normally
you should not run the make mr proper command. The command would purgethe. confi g fileand al the.
o filesfrom the previous build. Despiteit's easy to restore . confi g from the copy in/ boot , purging al the .. o
filesis still awaste: for a simple configuration change, often only afew . o files need to be (re)built and the
kernel build system will correctly skip other . o filesif they are not purged.

On the other hand, if you've upgraded GCC, you should run make clean to purge al the . o files from the
previous build, or the new build may fail.

. Warning

Some kernel documentation recommends creating a symlink from /usr/src/1inux pointing to the kernel
source directory. Thisis specific to kernels prior to the 2.6 series and must not be created on an LFS system
asit can cause problems for packages you may wish to build once your base LFS system is complete.

10.3.2. Configuring Linux Module Load Order

Most of the time Linux modules are |oaded automatically, but sometimesit needs some specific direction. The program
that |oads modules, modpr obe or insmod, uses/ et c/ modpr obe. d/ usb. conf for thispurpose. Thisfileneedsto be created
so that if the USB drivers (ehci_hcd, ohci_hcd and uhci_hcd) have been built as modules, they will be loaded in the
correct order; ehci_hcd needs to be loaded prior to ohci_hcd and uhci_hcd in order to avoid a warning being output
at boot time.

Create anew file/ et ¢/ modpr obe. d/ usb. conf by running the following:
install -v -nv55 -d /etc/nodprobe.d

cat > /etc/ nodprobe. d/ usb. conf << "EOF"

# Begi n /etc/ modprobe. d/ usb. conf

install ohci _hcd /sbin/nodprobe ehci _hcd ; /sbin/nodprobe -i ohci_hcd ; true
install uhci _hcd /sbin/nodprobe ehci _hcd ; /sbin/nodprobe -i uhci_hcd ; true

# End /et c/ nodprobe. d/ usb. conf
ECF

10.3.3. Contents of Linux

Installed files: config-6.18.10, vmlinuz-6.18.10-1fs-13.0-systemd, and System.map-6.18.10
Installed directories; /lib/modules, /usr/share/doc/linux-6.18.10

Short Descriptions

config-6.18. 10 Contains all the configuration selections for the kernel
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The engine of the Linux system. When turning on the computer, the
kernel is the first part of the operating system that gets loaded. It
detects and initializes all components of the computer's hardware,
then makes these components available as a tree of files to the
software and turnsasingle CPU into a multitasking machine capable
of running scores of programs seemingly at the sametime

A list of addresses and symbols; it maps the entry points and
addresses of dl the functions and data structures in the kernel
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10.4. Using GRUB to Set Up the Boot Process

% Note
V 4

If your system has UEFI support and you wish to boot LFS with UEFI, you should skip the instructions in
this page but still learn the syntax of gr ub. cf g and the method to specify a partition in the file from this page,
and configure GRUB with UEFI support using the instructions provided in the BLFS page.

10.4.1. Introduction

. Warning

Configuring GRUB incorrectly can render your system inoperable without an alternate boot device such asa
CD-ROM or bootable USB drive. This section is not required to boot your LFS system. Y ou may just want
to modify your current boot loader, e.g. Grub-Legacy, GRUB2, or LILO.

Ensure that an emergency boot disk isready to “rescue” the computer if the computer becomes unusable (un-bootable).
If you do not already have a boot device, you can create one. In order for the procedure below to work, you need to
jump ahead to BLFS and install xor ri so from the libisoburn package.

cd /tnp
gr ub- nkr escue --out put =grub-i ng.iso
xorriso -as cdrecord -v dev=/dev/cdrw bl ank=as_needed grub-ing.iso

10.4.2. GRUB Naming Conventions

GRUB usesits own naming structure for drives and partitionsin the form of (hdn,m), where n isthe hard drive number
and mis the partition number. The hard drive numbers start from zero, but the partition numbers start from one for
normal partitions (from five for extended partitions). Notethat thisisdifferent from earlier versionswhere both numbers
started from zero. For example, partition sda1 is (hd0,1) to GRUB and sdb3 is (hdl1,3). In contrast to Linux, GRUB
does not consider CD-ROM drives to be hard drives. For example, if using a CD on hdb and a second hard drive on
hdc, that second hard drive would still be (hdl).

10.4.3. Setting Up the Configuration

GRUB works by writing data to the first physical track of the hard disk. This areais not part of any file system. The
programs there access GRUB modulesin the boot partition. The default location is /boot/grubl/.

The location of the boot partition is a choice of the user that affects the configuration. One recommendation isto have
a separate small (suggested size is 200 MB) partition just for boot information. That way each build, whether LFS or
some commercial distro, can access the same boot files and access can be made from any booted system. If you choose
to do this, you will need to mount the separate partition, move all filesin the current / boot directory (e.g. the Linux
kernel you just built in the previous section) to the new partition. You will then need to unmount the partition and
remount it as/ boot . If you do this, be sure to update/ et ¢/ f st ab.

Leaving / boot on the current LFS partition will also work, but configuration for multiple systems is more difficult.

Using the above information, determine the appropriate designator for the root partition (or boot partition, if a separate
oneis used). For the following example, it is assumed that the root (or separate boot) partition issda2.

Install the GRUB filesinto / boot / gr ub and set up the boot track:
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Warning

Thefollowing command will overwrite the current boot loader. Do not run the command if thisisnot desired,
for example, if using athird party boot manager to manage the Master Boot Record (MBR).

grub-install /dev/sda

% Note
V 4

If the system has been booted using UEFI, grub-install will try to install files for the x86_64-€fi target, but
those files have not been installed in Chapter 8. If thisis the case, add - -target i386-pc to the command
above.

10.4.4. Creating the GRUB Configuration File

Generate / boot / gr ub/ gr ub. cf g:

cat > /boot/grub/grub.cfg << "ECF"
# Begi n /boot/grub/grub.cfg

set defaul t=0

set timeout=5

insnod part _gpt

i nsmod ext 2

set root =(hdo0, 2)

set gf xpayl oad=1024x768x32

menuent ry " GN\U Li nux, Linux 6.18.10-1fs-13.0-systemd" {
I'i nux /boot/vm i nuz-6.18. 10- 1 fs- 13. 0- systend root =/ dev/sda2 ro

}
EOF

Theinsmod commands|oad the GRUB modules named part _gpt and ext 2. Despite the naming, ext 2 actually supports
ext 2, ext 3, and ext 4 filesystems. The grub-install command has embedded some modulesinto the main GRUB image
(installed into the MBR or the GRUB BIOS partition) to access the other modules (in / boot / gr ub/ i 386- pc) Without a
chicken-or-egg issue, so with atypical configuration these two modules are already embedded and those two insmod
commands will do nothing. But they do no harm anyway, and they may be needed with some rare configurations.

The set gfxpayload=1024x768x32 command sets the resolution and color depth of the VESA framebuffer to be passed
to the kernel. It's necessary for the kernel SimpleDRM driver to use the VESA framebuffer. You can use a different
resolution or color depth value which better suits for your monitor.

% Note
s

From GRUB's perspective, the kernel files are relative to the partition used. If you used a separate /boot
partition, remove /boot from the above linux line. Y ou will also need to change the set root line to point to
the boot partition.
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Note

The GRUB designator for a partition may change if you added or removed some disks (including
removable disks like USB thumb devices). The change may cause boot failure because grub. cf g refers
to some “old” designators. If you wish to avoid such a problem, you may use the UUID of a partition
and the UUID of a filesystem instead of a GRUB designator to specify a device. Run Isblk -0
UUID,PARTUUID,PATH,MOUNTPOINT to show the UUIDs of your filesystems (in the vu b column)
and partitions (in the parTUUI D column). Then replace set root =(hdx, y) With search --set=root --fs-
uuid <UUID of the filesystem where the kernel is installed> and replace root=/dev/sda2 with
r oot =PARTUUI D=<UUI D of the partition where LFS is built>.

Note that the UUID of a partition is completely different from the UUID of the filesystem in this
partition. Some online resources may instruct you to use root=UUl D=<fil esystem UU D> instead of
r oot =PARTUUI D=<partition UU D>, but doing so will require an initramfs, which is beyond the scope of LFS.

The name of the device nodefor apartitionin/ dev may also change (thisislesslikely than a GRUB designator
change). Y ou can also replace paths to device nodes like / dev/ sdal with PARTUUI D=<partition UUI D>, iN/
etc/ f st ab, to avoid a potential boot failure in case the device node name has changed.

GRUB is an extremely powerful program and it provides a tremendous number of options for booting from a wide
variety of devices, operating systems, and partition types. There are also many options for customization such as
graphical splash screens, playing sounds, mouse input, etc. The details of these options are beyond the scope of this
introduction.

Caution

There is acommand, grub-mkconfig, that can write a configuration file automatically. It uses a set of scripts
in /etc/grub.d/ and will destroy any customizations that you make. These scripts are designed primarily for
non-source distributions and are not recommended for LFS. If you install a commercia Linux distribution,
there isagood chance that this program will be run. Be sure to back up your grub.cfg file.
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Chapter 11. The End
11.1. The End

Well done! The new LFS system is installed! We wish you much success with your shiny new custom-built Linux
system.

It may be agood ideato createan/etc/ | fs-rel ease file. By having thisfile, it is very easy for you (and for usif you
need to ask for help at some point) to find out which LFS version isinstalled on the system. Create thisfile by running:

echo 13.0-systemd > /etc/|fs-rel ease

Two files describing the installed system may be used by packages that can be installed on the system later, either in
binary form or by building them.

The first one shows the status of your new system with respect to the Linux Standards Base (LSB). To create this
file, run:

cat > /etc/lsb-rel ease << "EOF"

DI STRI B_| D="Li nux From Scrat ch"

Dl STRI B_RELEASE="13. 0- syst end"

DI STRI B_CODENAME="<your nane here>"

DI STRI B_DESCRI PTI ON="Li nux From Scr at ch"
ECF

The second one contains roughly the same information, and is used by systemd and some graphical desktop
environments. To create thisfile, run:

cat > /etc/os-rel ease << "ECF"

NAME="Li nux From Scrat ch"

VERSI ON="13. 0- syst end"

ID=Ifs

PRETTY_NAME="Li nux From Scratch 13. 0-systend"
VERS| ON_CODENAME="<your nane her e>"
HOVE_URL="htt ps://wwv. | i nuxfronmscratch.org/lfs/"
RELEASE_TYPE=" st abl e"

ECF

Be sureto customize thefields'DISTRIB_ CODENAME' and 'VERSION_CODENAME' to make the system uniquely
yours.

11.2. Get Counted

Now that you have finished the book, do you want to be counted as an LFS user? Head over to https.//www.
linuxfromscratch.org/cgi-bin/lfscounter.php and register asan LFS user by entering your name and thefirst LFSversion
you have used.

Let's reboot into LFS now.

11.3. Rebooting the System

Now that all of the software has been installed, it istime to reboot your computer. However, there are till afew things
to check. Here are some suggestions:
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* Install any firmware needed if the kernel driver for your hardware requires some firmware files to function
properly.
» Ensure apassword is set for ther oot user.
» A review of the following configuration filesis also appropriate at this point.
* /etc/fstab
* /etc/hosts
* /etclinputrc
* /etc/profile
* /etc/resolv.conf (optional)
» /etc/vimrc

Now that we have said that, let's move on to booting our shiny new LFS installation for the first time! First exit from
the chroot environment:

‘ | ogout ‘

Then unmount the virtual file systems:

umount -v $LFS/ dev/pts

mount poi nt -q $LFS/ dev/ shm && unmpbunt -v $LFS/ dev/ shm
unobunt -v $LFS/ dev

umount -v $LFS/ run

umount -v $LFS/ proc

unmobunt -v $LFS/ sys

If multiple partitions were created, unmount the other partitions before unmounting the main one, like this:

umount -v $LFS/ hone
umount -v $LFS

Unmount the LFSfile system itself:

umount -v $LFS ‘

Now, reboot the system.
Assuming the GRUB boot |oader was set up as outlined earlier, the menuis set to boot LFS 13.0-systemd automatically.

When the reboot is complete, the LFS system is ready for use. What you will seeisasimple “login: ” prompt. At this
point, you can proceed to the BLFS Book where you can add more software to suit your needs.

If your reboot is not successful, it is time to troubleshoot. For hints on solving initial booting problems, see https://
www.linuxfromscratch.or g/lfs/troubleshooting.html .

11.4. Additional Resources

Thank you for reading this LFS book. We hope that you have found this book helpful and have learned more about
the system creation process.

Now that the LFS systemisinstalled, you may be wondering “What next?’ To answer that question, we have compiled
alist of resourcesfor you.

+ Maintenance

274


https://www.linuxfromscratch.org/blfs/view/13.0-systemd/postlfs/firmware.html
https://www.linuxfromscratch.org/blfs/view/13.0-systemd/
https://www.linuxfromscratch.org/lfs/troubleshooting.html
https://www.linuxfromscratch.org/lfs/troubleshooting.html

Linux From Scratch - Version 13.0-systemd

Bugs and security notices are reported regularly for all software. Since an LFS system is compiled from source,
it isup to you to keep abreast of such reports. There are several online resources that track such reports, some of
which are shown below:

» LFSSecurity Advisories
Thisisalist of security vulnerabilities discovered in the LFS book after it's published.
» Open Source Security Mailing List
Thisisamailing list for discussion of security flaws, concepts, and practices in the Open Source community.
* LFSHints

The LFS Hints are a collection of educational documents submitted by volunteers in the LFS community. The
hints are available at https:.//www.linuxfromscratch.or g/hints’downl cads/files/.

e Mailing lists

There are several LFS mailing lists you may subscribe to if you are in need of help, want to stay current with
the latest developments, want to contribute to the project, and more. See Chapter 1 - Mailing Lists for more
information.

» The Linux Documentation Project

The goal of The Linux Documentation Project (TLDP) isto collaborate on all of the issues of Linux
documentation. The TLDP features alarge collection of HOWTOs, guides, and man pages. It islocated at https://
tldp.org/.

11.5. Getting Started After LFS

11.5.1. Deciding what to do next

Now that LFS is complete and you have a bootable system, what do you do? The next step is to decide how to use it.
Generally, there are two broad categories to consider: workstation or server. Indeed, these categories are not mutually
exclusive. The applications needed for each category can be combined onto a single system, but let's look at them
separately for now.

A server isthesimpler category. Generally this consists of aweb server such asthe Apache HTTP Server and adatabase
server such as MariaDB. However other services are possible. The operating system embedded in a single use device
fallsinto this category.

On the other hand, a workstation is much more complex. It generally requires a graphical user environment such as
LXDE, XFCE, KDE, or Gnome based on a basic graphical environment and several graphical based applications such
as the Firefox web browser, Thunderbird email client, or LibreOffice office suite. These applications require many
(several hundred depending on desired capabilities) more packages of support applications and libraries.

In addition to the above, thereisaset of applicationsfor system management for all kinds of systems. These applications
are all in the BLFS book. Not all packages are needed in every environment. For example dhcped, is not normally
appropriate for a server and wireless tools, are normally only useful for alaptop system.

11.5.2. Working in a basic LFS environment

When you initially boot into LFS, you have all the internal tools to build additional packages. Unfortunately, the user
environment is quite sparse. There are a couple of waysto improve this.
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This method provides a complete graphical environment where a full featured browser and copy/paste capabilities are
available. This method allows using applications like the host's version of wget to download package sources to a

location available when working in the chroot environment.

In order to properly build packages in chroot, you will al'so need to remember to mount the virtual file systemsif they
are not already mounted. One way to do thisisto create a script on the HOST system:

cat > ~/mount-virt.sh << "EOF"
#!/ bi n/ bash

function nount bi nd
{
if ! nountpoint $LFS/ $1 >/dev/null; then
$SUDO nount --bind /$1 $LFS/ $1
echo $LFS/ $1 nount ed
el se
echo $LFS/ $1 al ready nounted
fi

}

functi on nmounttype
{
if ! nountpoint $LFS/ $1 >/dev/null; then
$SUDO nount -t $2 $3 $4 $5 $LFS/ $1
echo $LFS/ $1 nount ed
el se
echo $LFS/ $1 al ready nounted
fi

}

if [ $EUD -ne 0 ]; then
SUDO=sudo

el se
Subo=""

fi

if [ X$LFS == x ]; then
echo "LFS not set"
exit 1

fi

nmount bi nd dev
mount t ype dev/pts devpts devpts -o gi d=5, nnde=620

nounttype proc proc proc
mount t ype sys sysfs sysfs
nmounttype run tmpfs run

if [ -h $LFS/ dev/shm]; then

install -v -d -m 1777 $LFS$(real path /dev/shm
el se

mount t ype dev/shmtnpfs tnpfs -o nosuid, nodev
fi

#mount bi nd usr/src
#mount bi nd boot
#mount bi nd hone
ECF

Note that the last three commandsin the script are commented out. These are useful if those directories are mounted as
separate partitions on the host system and will be mounted when booting the completed LFS/BLFS system.
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The script can be run with bash ~/mount-virt.sh as either aregular user (recommended) or asr oot . If run asaregular
user, sudo isrequired on the host system.

Another issue pointed out by the script is where to store downloaded package files. This location is arbitrary. It can
bein aregular user's home directory such as ~/sources or in a global location like /usr/src. Our recommendation is not
to mix BLFS sources and LFS sources in (from the chroot environment) /sources. In any case, the packages must be
accessible inside the chroot environment.

A last convenience feature presented here is to streamline the process of entering the chroot environment. This can be
done with an alias placed in a user's ~/.bashrc file on the host system:

alias | fs='"sudo /usr/shin/chroot /mt/|lfs /usr/bin/env -i HOVE=/root TERME"S$TERM' PS1="\u:\wW\\\$ "
PATH=/ usr/ bi n: /usr/ sbin /bin/bash --Iogin'

Thisaliasisalittle tricky because of the quoting and levels of backslash characters. It must be all onasingleline. The
above command has been split in two for presentation purposes.

11.5.2.2. Work remotely via ssh

This method also provides a full graphical environment, but first requires installing sshd on the LFS system, usually
in chroot. It also requires a second computer. This method has the advantage of being simple by not requiring the
complexity of the chroot environment. It also uses your LFS built kernel for all additional packages and still provides
a complete system for installing packages.

Y ou may use the scp command to upload the package sources to be built onto the LFS system. If you want to download
the sources onto the LFS system directly instead, install libtasnl, p11-kit, make-ca, and wget in chroot (or upload their
sources using scp after booting the LFS system).

11.5.2.3. Work from the LFS command line

This method requires installing libtasnl, p11-kit, make-ca, wget, gpm, and links (or lynx) in chroot and then rebooting
into the new LFS system. At this point the default system has six virtual consoles. Switching consoles is as easy as
using the Alt+Fx key combinations where Fx is between F1 and F6. The Alt+ _ and Alt+ _ combinations also will
change the console.

At this point you can log into two different virtual consoles and run the links or lynx browser in one console and bash
in the other. GPM then allows copying commands from the browser with the left mouse button, switching consoles,
and pasting into the other console.

% Note
’ 4

As a side note, switching of virtual consoles can also be done from an X Window instance with the
Ctrl+Alt+Fx key combination, but the mouse copy operation does not work between the graphical interface
and a virtual console. You can return to the X Window display with the Ctrl+Alt+Fx combination, where
Fx isusualy F1 but may be F7.
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Appendix A. Acronyms and Terms

ABI
ALFS
API
ASCII
BIOS
BLFS
BSD
chroot
CMOS
COS
CPU
CRC
CVS
DHCP
DNS
EGA
ELF
EOF
EQN
ext2
ext3
ext4
FAQ
FHS
FIFO
FQDN
FTP
GB
GCC
GID
GMT
HTML
IDE
|EEE

Application Binary Interface
Automated Linux From Scratch
Application Programming Interface

American Standard Code for Information Interchange

Basic Input/Output System

Beyond Linux From Scratch
Berkeley Software Distribution
change root

Complementary Metal Oxide Semiconductor
Class Of Service

Central Processing Unit

Cyclic Redundancy Check
Concurrent Versions System
Dynamic Host Configuration Protocol
Domain Name Service

Enhanced Graphics Adapter
Executable and Linkable Format
End of File

equation

second extended file system

third extended file system

fourth extended file system
Frequently Asked Questions
Filesystem Hierarchy Standard
First-In, First Out

Fully Qualified Domain Name

File Transfer Protocol

Gigabytes

GNU Compiler Collection

Group Identifier

Greenwich Mean Time

Hypertext Markup Language
Integrated Drive Electronics

Institute of Electrical and Electronic Engineers
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fe] I nput/Output

IP Internet Protocol

IPC I nter-Process Communication
IRC Internet Relay Chat

SO International Organization for Standardization
| SP Internet Service Provider

KB Kilobytes

LED Light Emitting Diode

LFS Linux From Scratch

LSB Linux Standard Base

MB Megabytes

MBR Master Boot Record

MD5 Message Digest 5

NIC Network Interface Card

NLS Native Language Support

NNTP Network News Transport Protocol
NPTL Native POSIX Threading Library
0OSs Open Sound System

PCH Pre-Compiled Headers

PCRE Perl Compatible Regular Expression
PID Process Identifier

PTY pseudo terminal

QOS Quality Of Service

RAM Random Access Memory

RPC Remote Procedure Call

RTC Real Time Clock

SBU Standard Build Unit

SCO The Santa Cruz Operation

SHA1 Secure-Hash Algorithm 1

TLDP The Linux Documentation Project
TFTP Trivial File Transfer Protocol
TLS Thread-Local Storage

uiD User Identifier

umask user file-creation mask

USB Universal Serial Bus

UTC Coordinated Universal Time
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UuUID Universally Unique Identifier

VC Virtual Console
VGA Video Graphics Array
VT Virtual Terminal
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» Thomas Reitelbach <tr@erdfunkstelle.de> — German LFS translation project

Mirror Maintainers

North American Mirrors

» Scott Kveton <scott@osuos!.org> — Ifs.oregonstate.edu mirror

* William Astle <lost@I-w.net> — ca.linuxfromscratch.org mirror

» Eujon Sllers <jpolen@rackspace.com> — Ifs.introspeed.com mirror
» Justin Knierim <tim@idge.net> — Ifs-matrix.net mirror

South American Mirrors

* Manuel Canales Esparcia <manuel @linuxfromscratch.org> — Ifsmirror.lfs-es.info mirror
* LuisFalcon <Luis Falcon> — torredehanoi.org mirror

European Mirrors

* Guido Passet <guido@primerelay.net> — nl.linuxfromscratch.org mirror

Bastiaan Jacques <baafie@planet.nl> — Ifs.pagefault.net mirror

Sven Cranshoff <sven.cranshoff @lineo.be> — Ifs.lineo.be mirror

Scarlet Belgium — Ifs.scarlet.be mirror

Sebastian Faulborn <info@aliensoft.org> — Ifs.aliensoft.org mirror
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Suart Fox <stuart@dontuse.ms> — Ifs.dontuse.ms mirror

Ralf Uhlemann <admin@real host.de> — Ifs.oss-mirror.org mirror

Antonin Sorinzl <Antonin.Sprinzl @tuwien.ac.at> — at.linuxfromscratch.org mirror
Fredrik Danerklint <fredan-Ifs@fredan.org> — se.linuxfromscratch.org mirror
Franck <franck@linuxpourtous.com> — Ifs.linuxpourtous.com mirror

Philippe Baque <baque@ucict.fr> —Ifs.cict.fr mirror

Vitaly Chekasin <gyouja@pilgrims.ru> — Ifs.pilgrims.ru mirror

Benjamin Heil <kontakt@wankoo.org> — Ifs.wankoo.org mirror

Anton Maisak <info@Iinuxfromscratch.org.ru> — linuxfromscratch.org.ru mirror

Asian Mirrors

Satit Phermsawang <satit@wbac.ac.th> — Ifs.phayoune.org mirror
Shizunet Co.,Ltd. <info@shizu-net.jp> — Ifs.mirror.shizu-net.jp mirror

Australian Mirrors

Jason Andrade <jason@dstc.edu.au> — au.linuxfromscratch.org mirror

Former Project Team Members

Christine Barczak <theladyskye@linuxfromscratch.org> — LFS Book Editor

Archaic <archaic@linuxfromscratch.org> — LFS Technical Writer/Editor, HLFS Project Leader, BLFS Editor,
Hints and Patches Project Maintainer

Matthew Burgess <matthew@linuxfromscratch.org> — LFS Project Leader, LFS Technical Writer/Editor
Nathan Coulson <nathan@linuxfromscratch.org> — LFS-Bootscripts Maintainer

Timothy Bauscher

Robert Briggs

lan Chilton

Jeroen Coumans <jeroen@linuxfromscratch.org> — Website Developer, FAQ Maintainer

Manuel Canales Esparcia <manuel @linuxfromscratch.org> — LFSBLFS/HLFS XML and XSL Maintainer
Jim Gifford <jim@linuxfromscratch.org> — CLFS Project Co-L eader

Alex Groenewoud — LFS Technical Writer

Marc Heerdink

Jeremy Huntwork <jhuntwork@linuxfromscratch.org> — LFS Technical Writer, LFS LiveCD Maintainer
Bryan Kadzban <bryan@linuxfromscratch.org> — LFS Technical Writer

Mark Hymers

Seth W. Klein — FAQ maintainer

Nicholas Leippe <nicholas@linuxfromscratch.org> — Wiki Maintainer

Anderson Lizardo <lizardo@Ilinuxfromscratch.org> — Website Backend-Scripts Maintainer
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DJ Lucas <dj @linuxfromscratch.org> — LFS and BLFS Editor

Randy McMurchy <randy@linuxfromscratch.org> — BLFS Project Leader, LFS Editor
Ken Moffat <ken@linuxfromscratch.org> — BLFS Editor

Dan Nicholson <dnicholson@linuxfromscratch.org> — LFS and BLFS Editor

Alexander E. Patrakov <alexander@linuxfromscratch.org> — LFS Technical Writer, LFS Internationalization
Editor, LFS Live CD Maintainer

Simon Perreault
Scot Mc Pherson <scot@linuxfromscratch.org> — LFS NNTP Gateway Maintainer
Ryan Oliver <ryan@Ilinuxfromscratch.org> — CLFS Project Co-L eader

Greg Schafer <gschafer@zip.com.au> — LFS Technical Writer and Architect of the Next Generation 64-hbit-
enabling Build Method

Jesse Tie-Ten-Quee — LFS Technical Writer
James Robertson <jwrober@linuxfromscratch.org> — Bugzilla Maintai ner
Tushar Teredesai <tushar@linuxfromscratch.org>— BLFS Book Editor, Hints and Patches Project L eader

Jeremy Utley <jeremy@Ilinuxfromscratch.org> — LFS Technical Writer, Bugzilla Maintainer, L FS-Bootscripts
Maintainer
Zack Winkles <zwinkles@gmail.com> — LFS Technical Writer
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Appendix C. Dependencies

Every package built in LFS relies on one or more other packages in order to build and install properly. Some packages
even participate in circular dependencies, that is, the first package depends on the second which in turn depends on the
first. Because of these dependencies, the order in which packages are built in LFS is very important. The purpose of
this page is to document the dependencies of each package built in LFS.

For each package that is built, there are three, and sometimes up to five types of dependencies listed below. The first
lists what other packages need to be available in order to compile and install the package in question. The second lists
the packages that must be available when any programs or libraries from the package are used at runtime. The third
lists what packages, in addition to those on the first list, need to be available in order to run the test suites. The fourth
list of dependencies are packages that require this package to be built and installed in its final location before they are
built and installed.

The last list of dependencies are optional packages that are not addressed in LFS, but could be useful to the user.
These packages may have additional mandatory or optional dependencies of their own. For these dependencies, the
recommended practiceistoinstall them after completion of the L FS book and then go back and rebuild the L FS package.
In several cases, re-installation is addressed in BLFS.

Acl
Installation dependson:  Attr, Bash, Binutils, Coreutils, GCC, Gettext, Grep, M4, Make, Perl, Sed, and Texinfo
Required at runtime: Attr and Glibc
Test suite depends on: Automake, Diffutils, Findutils, and Libtool

Must beinstalled before:  Coreutils, Sed, Tar, and Vim
Optional dependencies: None

Attr
Installation depends on: Bash, Binutils, Coreutils, GCC, Gettext, Glibc, Grep, M4, Make, Perl, Sed, and Texinfo
Required at runtime: Glibc
Test suite depends on: Automake, Diffutils, Findutils, and Libtool

Must beinstalled before:  Acl, Libcap, and Patch
Optional dependencies: None

Autoconf
I nstallation depends on: Bash, Coreutils, Grep, M4, Make, Perl, Sed, and Texinfo
Required at runtime: Bash, Coretils, Grep, M4, Make, Sed, and Texinfo
Test suite dependson: Automake, Diffutils, Findutils, GCC, and Libtool
Must beinstalled before:  Automake and Coreutils
Optional dependencies: Emacs
Automake
Installation dependson:  Autoconf, Bash, Coreutils, Gettext, Grep, M4, Make, Perl, Sed, and Texinfo
Required at runtime: Bash, Coredtils, Grep, M4, Sed, and Texinfo
Test suite depends on: Binutils, Bison, Bzip2, DejaGNU, Diffutils, Expect, Findutils, Flex, GCC, Gettext, Gzip,

Libtool, and Tar
Must beinstalled before:  Coreutils
Optional dependencies: None
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Bash

Installation depends on:

Required at runtime:
Test suite dependson:

Must beinstalled before:

Optional dependencies:
Bc

I nstallation depends on:
Required at runtime:
Test suite depends on:

Must beinstalled before;

Optional dependencies:

Binutils
Installation depends on:

Required at runtime:
Test suite depends on:

Must beinstalled before:

Optional dependencies:

Bison
Installation depends on:
Required at runtime:
Test suite dependson:

Must beinstalled before:

Optional dependencies:
Bzip2

I nstallation depends on:
Required at runtime:
Test suite depends on:

Must beinstalled before;

Optional dependencies:

Coreutils
Installation depends on:

Required at runtime:
Test suite depends on:

Must beinstalled before:

Optional dependencies:
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Bash, Binutils, Bison, Coreutils, Diffutils, Gawk, GCC, Glibc, Grep, Make, Ncurses,
Patch, Readline, Sed, and Texinfo

Glibc, Ncurses, and Readline

Expect and Shadow

None

Xorg

Bash, Binutils, Coreutils, GCC, Glibc, Grep, Make, and Readline
Glibc, Ncurses, and Readline

Gawk

Linux

None

Bash, Binutils, Coreutils, Diffutils, File, Flex, Gawk, GCC, Glibc, Grep, Make, Perl,
Pkgconf, Sed, Texinfo, Zlib, and Zstd

Glibc, Zlib, and Zstd

DegjaGNU and Expect

None

Elfutils and Jansson

Bash, Binutils, Coreutils, Diffutils, GCC, Gettext, Glibc, Grep, M4, Make, Perl, and Sed
Glibc

Diffutils, Findutils, and Flex

Kbd and Tar

Doxygen

Bash, Binutils, Coreutils, Diffutils, GCC, Glibc, Make, and Patch
Glibc

None

Fileand Libelf

None

Autoconf, Automake, Bash, Binutils, Coreutils, GCC, Gettext, Glibc, GMP, Grep,
Libcap, Make, OpenSSL, Patch, Perl, Sed, and Texinfo

Glibc

Diffutils, E2fsprogs, Findutils, Shadow, and Util-linux

Bash, Diffutils, Findutils, Man-DB, and Systemd

Expect.pmand |O:: Tty
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D-Bus

I nstallation depends on:

Required at runtime:
Test suite dependson:

Must beinstalled before;

Optional dependencies:
DejaGNU

I nstallation depends on:
Required at runtime:
Test suite dependson:

Must beinstalled before;

Optional dependencies:
Diffutils

Installation depends on:
Required at runtime:
Test suite dependson:

Must beinstalled before;

Optional dependencies:

E2fsprogs

Installation depends on:

Required at runtime:
Test suite dependson:

Must beinstalled before;

Optional dependencies:

Expat
Installation depends on:
Required at runtime:
Test suite depends on:

Must beinstalled before:

Optional dependencies:

Expect
Installation depends on:
Required at runtime:
Test suite depends on:

Must beinstalled before:

Optional dependencies:
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Bash, Binutils, Coreutils, Diffutils, Gawk, GCC, Glibc, Grep, Make, Pkgconf, Sed,
Systemd, and Util-linux

Glibc and Systemd

Several packagesin BLFS

None

Xorg Libraries

Bash, Coreutils, Diffutils, Expect, GCC, Grep, Make, Sed, and Texinfo
Expect and Bash

None

None

None

Bash, Binutils, Coreutils, Gawk, GCC, Gettext, Glibc, Grep, Make, Sed, and Texinfo
Glibc

Perl

None

None

Bash, Binutils, Coreutils, Diffutils, Gawk, GCC, Glibc, Grep, Gzip, Make, Pkgconf, Sed,
Systemd, Texinfo, and Util-linux

Glibc and Util-linux

Procps-ng and Psmisc

None

None

Bash, Binutils, Coreutils, Gawk, GCC, Glibc, Grep, Make, and Sed
Glibc

None

Python and XML ::Parser

None

Bash, Binutils, Coredutils, Diffutils, GCC, Glibc, Grep, Make, Patch, Sed, and Tcl
Glibc and Tcl

None

None

Tk
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File

Installation depends on:

Required at runtime:
Test suite dependson:

Must beinstalled before:

Optional dependencies:

Findutils
I nstallation depends on:
Required at runtime:
Test suite depends on:

Must beinstalled before;

Optional dependencies:

Flex
Installation depends on:
Required at runtime:
Test suite depends on:

Must beinstalled before:

Optional dependencies:

Flit-Core
Installation depends on:
Required at runtime:
Test suite dependson:

Must beinstalled before:

Optional dependencies:
Gawk

I nstallation depends on:

Required at runtime:
Test suite depends on:

Must beinstalled before;

Optional dependencies:
GCC

Installation depends on:

Required at runtime:
Test suite depends on:

Must beinstalled before:

Optional dependencies:
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Bash, Binutils, Bzip2, Coreutils, Diffutils, Gawk, GCC, Glibc, Grep, Make, Sed, Xz,
Zlib, and Zstd

Glibc, Bzip2, Xz, and Zlib

None

None

libseccomp

Bash, Binutils, Coreutils, GCC, Gettext, Glibc, Grep, Make, Sed, and Texinfo
Bash and Glibc

DegjaGNU, Diffutils, and Expect

None

None

Bash, Binutils, Coreutils, GCC, Gettext, Glibc, Grep, M4, Make, Patch, Sed, and Texinfo
Bash, Glibc, and M4

Bison and Gawk

Binutils, IProute2, Kbd, Kmod, and Man-DB

None

Python

Python

No test suite available
Packaging and Wheel
pytest and testpath

Bash, Binutils, Coreutils, GCC, Gettext, Glibc, GMP, Grep, Make, MPFR, Patch,
Readline, Sed, and Texinfo

Bash, Glibc, and Mpfr

Diffutils

None

libsigsegv

Bash, Binutils, Coreutils, Diffutils, Findutils, Gawk, GCC, Gettext, Glibc, GMP, Grep,
M4, Make, MPC, MPFR, Patch, Perl, Sed, Tar, Texinfo, and Zstd

Bash, Binutils, Glibc, Mpc, and Python

DegaGNU, Expect, and Shadow

None

GDC, GNAT, and ISL
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GDBM
Installation depends on:
Required at runtime:
Test suite dependson:

Must beinstalled before:

Optional dependencies:

Gettext
I nstallation depends on:
Required at runtime:
Test suite depends on:

Must beinstalled before;

Optional dependencies:
Glibc

Installation depends on:

Required at runtime:
Test suite depends on:

Must beinstalled before:

Optional dependencies:
GMP

Installation depends on:

Required at runtime:
Test suite dependson:

Must beinstalled before:

Optional dependencies:

Gperf
I nstallation depends on:
Required at runtime:
Test suite depends on:

Must beinstalled before;

Optional dependencies:

Grep

Installation depends on:

Required at runtime:
Test suite depends on:

Must beinstalled before:

Optional dependencies:
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Bash, Binutils, Coreutils, Diffutils, GCC, Grep, Make, and Sed
Bash, Glibc, and Readline

None

None

None

Bash, Binutils, Coreutils, Gawk, GCC, Glibc, Grep, Make, Ncurses, Sed, and Texinfo
Acl, Bash, Gcce, and Glibc

Diffutils, Perl, and Tcl

Automake and Bison

libunistring and libxml2

Bash, Binutils, Bison, Coreutils, Diffutils, Gawk, GCC, Gettext, Grep, Gzip, Linux API
Headers, Make, Perl, Python, Sed, and Texinfo

None

File

None

None

Bash, Binutils, Coreutils, Diffutils, Gawk, GCC, Glibc, Grep, M4, Make, Sed, and
Texinfo

GCC and Glibc

None

MPFR and GCC

None

Bash, Binutils, Coreutils, GCC, Glibc, and Make
GCC and Glibc

Diffutils and Expect

None

None

Bash, Binutils, Coreutils, Diffutils, GCC, Gettext, Glibc, Grep, Make, Patch, Pcre2, Sed,
and Texinfo

Glibc

Gawk

Man-DB

None
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Groff

Installation depends on:

Required at runtime:
Test suite dependson:

Must beinstalled before:

Optional dependencies:
GRUB

I nstallation depends on:

Required at runtime:
Test suite depends on:

Must beinstalled before;

Optional dependencies:

Gzip
Installation depends on:
Required at runtime:
Test suite depends on:

Must beinstalled before:

Optional dependencies:

lana-Etc
Installation depends on:
Required at runtime:
Test suite dependson:

Must beinstalled before:

Optional dependencies:

Inetutils
I nstallation depends on:

Required at runtime:
Test suite depends on:

Must beinstalled before;

Optional dependencies:

Intltool
Installation depends on:
Required at runtime:
Test suite depends on:

Must beinstalled before:

Optional dependencies:
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Bash, Binutils, Bison, Coreutils, Gawk, GCC, Glibc, Grep, Make, Patch, Sed, and
Texinfo

GCC, Glibc, and Perl

None

Man-DB

ghostscript and Uchardet

Bash, Binutils, Bison, Coreutils, Diffutils, GCC, Gettext, Glibc, Grep, Make, Ncurses,
Sed, Texinfo, and Xz

Bash, GCC, Gettext, Glibc, Xz, and Sed

None

None

None

Bash, Binutils, Coreutils, GCC, Glibc, Grep, Make, Sed, and Texinfo
Bash and Glibc

Diffutilsand Less

Man-DB

None

Coreutils

None

No test suite available
Perl

None

Bash, Binutils, Coreutils, GCC, Glibc, Grep, Make, Ncurses, Patch, Sed, Texinfo, and
Zlib

GCC, Glibc, Ncurses, and Readline

None

Tar

None

Bash, Gawk, Glibc, Make, Perl, Sed, and XML ::Parser
Autoconf, Automake, Bash, Glibc, Grep, Perl, and Sed
Perl

None

None
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IProute?2

I nstallation depends on:

Required at runtime:
Test suite dependson:

Must beinstalled before;

Optional dependencies:

Jinja2
I nstallation depends on:
Required at runtime:
Test suite dependson:

Must beinstalled before;

Optional dependencies:
Kbd

Installation depends on:
Required at runtime:
Test suite dependson:

Must beinstalled before;

Optional dependencies:

Kmod

Installation depends on:

Required at runtime:
Test suite dependson:

Must beinstalled before;

Optional dependencies:

Less
Installation depends on:
Required at runtime:
Test suite depends on:

Must beinstalled before:

Optional dependencies:

Libcap
Installation depends on:
Required at runtime:
Test suite depends on:

Must beinstalled before:

Optional dependencies:
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Bash, Bison, Coreutils, Flex, GCC, Glibc, Make, Libcap, Libelf, Linux APl Headers,
Pkgconf, and Zlib

Bash, Coreutils, Glibc, Libcap, Libelf, and Zlib
No test suite available

None

Berkeley DB, iptables, libbpf, libmnl, and libtirpc

MarkupSafe, Python, Setuptools, and Wheel
MarkupSafe and Python

No test suite available

Systemd

None

Bash, Binutils, Bison, Coreutils, Flex, GCC, Gettext, Glibc, Gzip, Make, Patch, and Sed
Bash, Coreutils, and Glibc

None

None

Linux-PAM

Bash, Binutils, Bison, Coreutils, Flex, GCC, Gettext, Glibc, Gzip, Make, OpenSSL,
Pkgconf, Sed, Xz, Zlib, and Zstd

Glibc, Xz, and Zlib

No test suite available

Systemd

scdoc (for man pages)

Bash, Binutils, Coredutils, Diffutils, GCC, Glibc, Grep, Make, Ncurses, Pcre2, and Sed
Glibc and Ncurses

None

Gzip

None

Attr, Bash, Binutils, Coreutils, GCC, Glibc, Perl, Make, and Sed
Glibc

None

| Proute2 and Shadow

Linux-PAM
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Libelf
Installation depends on:
Required at runtime:
Test suite depends on:

Must beinstalled before;

Optional dependencies:

Libffi
I nstallation depends on:
Required at runtime:
Test suite depends on:

Must beinstalled before;

Optional dependencies:

Libpipeline
Installation depends on:
Required at runtime:
Test suite depends on:

Must beinstalled before:

Optional dependencies:

Libtool
Installation depends on:
Required at runtime:
Test suite depends on:

Must beinstalled before:

Optional dependencies:

Libxcrypt
Installation depends on:
Required at runtime:
Test suite depends on:

Must beinstalled before;

Optional dependencies:

Linux
Installation depends on:

Required at runtime:
Test suite depends on:

Must beinstalled before;

Optional dependencies:
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Bash, Binutils, Bzip2, Coreutils, GCC, Glibc, Make, Xz, Zlib, and Zstd
Bzip2, Glibc, Xz, Zlib, and Zstd

None

| Proute2 and Linux

None

Bash, Binutils, Coreutils, GCC, Glibc, Make, and Sed
Glibc

DegaGnu

Python

None

Bash, Binutils, Coreutils, Diffutils, Gawk, GCC, Glibc, Grep, Make, Sed, and Texinfo
Glibc

Pkgconf

Man-DB

None

Bash, Binutils, Coreutils, Diffutils, Gawk, GCC, Glibc, Grep, Make, Sed, and Texinfo
Autoconf, Automake, Bash, Binutils, Coreutils, File, GCC, Glibc, Grep, Make, and Sed
Autoconf, Automake, and Findutils

None

None

Bash, Binutils, Coreutils, Diffutils, Gawk, GCC, Glibc, Grep, Make, Perl, and Sed
Glibc

None

Perl, Python, Shadow, and Systemd

None

Bash, Bc, Binutils, Coreutils, Diffutils, Findutils, GCC, Glibc, Grep, Gzip, Kmod, Libelf,
Make, Ncurses, OpenSSL, Perl, and Sed

None

No test suite available

None

cpio, LLVM (with Clang), and Rust-bindgen
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Linux APl Headers
Installation depends on: Bash, Binutils, Coreutils, Findutils, GCC, Glibc, Grep, Gzip, Make, Perl, and Sed
Required at runtime: None
Test suite depends on: No test suite available
Must beinstalled before:  None
Optional dependencies: None

Lz4
I nstallation depends on: Bash, Binutils, Coreutils, GCC, Glibc, and Make
Required at runtime: Glibc
Test suite dependson: Python

Must beinstalled before:  Zstd and Systemd
Optional dependencies: None

M4
Installation depends on: Bash, Binutils, Coreutils, GCC, Glibc, Grep, Make, Sed, and Texinfo
Required at runtime: Bash and Glibc
Test suite depends on: Diffutils

Must beinstalled before:  Autoconf and Bison
Optional dependencies: libsigsegv

Make
Installation depends on: Bash, Binutils, Coreutils, GCC, Gettext, Glibc, Grep, Make, Sed, and Texinfo
Required at runtime: Glibc
Test suite depends on: Perl and Procps-ng

Must beinstalled before:  None
Optional dependencies: Guile

Man-DB
Installation depends on: Bash, Binutils, Bzip2, Coreutils, Flex, GCC, GDBM, Gettext, Glibc, Grep, Groff, Gzip,
Less, Libpipeline, Make, Pkgconf, Sed, Systemd, and Xz
Required at runtime: Bash, GDBM, Groff, Glibc, Gzip, Less, Libpipeline, and Zlib
Test suite depends on: Util-linux
Must beinstalled before:  None
Optional dependencies: libseccomp and poda

Man-Pages
Installation depends on: Bash, Coreutils, Make, and Sed
Required at runtime: None
Test suite depends on: No test suite available

Must beinstalled before:  None
Optional dependencies: None
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MarkupSafe
I nstallation depends on:
Required at runtime:
Test suite dependson:
Must beinstalled before:
Optional dependencies:

Meson
I nstallation depends on:
Required at runtime:
Test suite dependson:

Must beinstalled before;

Optional dependencies:
MPC

Installation depends on:

Required at runtime:
Test suite dependson:

Must beinstalled before;

Optional dependencies:

MPFR

Installation depends on:

Required at runtime:
Test suite dependson:

Must beinstalled before;

Optional dependencies:

Ncurses
Installation depends on:
Required at runtime:
Test suite depends on:

Must beinstalled before:

Optional dependencies:

Ninja
Installation depends on:
Required at runtime:
Test suite depends on:

Must beinstalled before:

Optional dependencies:
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Python, Setuptools, and Wheel
Python

No test suite available

Jinja2

None

Ninja, Python, Setuptools, and Wheel
Python

No test suite available

Systemd

None

Bash, Binutils, Coreutils, Diffutils, Gawk, GCC, Glibc, Grep, GMP, Make, MPFR, Sed,
and Texinfo

Glibc, GMP, and MPFR

None

GCC

None

Bash, Binutils, Coreutils, Diffutils, Gawk, GCC, Glibc, Grep, GMP, Make, Sed, and
Texinfo

Glibc and GMP

None

Gawk and GCC

None

Bash, Binutils, Coreutils, Diffutils, Gawk, GCC, Glibc, Grep, Make, Patch, and Sed
Glibc

No test suite available

Bash, GRUB, Inetutils, Less, Procps-ng, Psmisc, Readline, Texinfo, Util-linux, and Vim
None

Binutils, Coreutils, GCC, and Python
GCC and Glibc

cmake

Meson

Asciidoc, Doxygen, Emacs, and re2c
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OpenSSL
I nstallation depends on:
Required at runtime:
Test suite dependson:

Must beinstalled before;

Optional dependencies:

Packaging
I nstallation depends on:
Required at runtime:
Test suite dependson:

Must beinstalled before;

Optional dependencies:
Patch

Installation depends on:
Required at runtime:
Test suite dependson:

Must beinstalled before;

Optional dependencies:

Pcre2
Installation depends on:
Required at runtime:
Test suite dependson:

Must beinstalled before;

Optional dependencies:

Perl

Installation depends on:

Required at runtime:
Test suite depends on:

Must beinstalled before:

Optional dependencies:

Pkgconf
Installation depends on:
Required at runtime:
Test suite depends on:

Must beinstalled before;

Optional dependencies:
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Binutils, Coreutils, GCC, Make, and Perl
Glibc and Perl

None

Coreutils, Kmod, Linux, and Systemd
None

Flit-core and Python
Python

No test suite available
Whesel

pytest

Attr, Bash, Binutils, Coreutils, GCC, Glibc, Grep, Make, and Sed
Attr and Glibc

Diffutils

None

Ed

Bash, Binutils, Bzip2, Coreutils, GCC, Glibc, GZip, Make, and Readline
Glibc

Grep

Grep and Less

Valgrind and libedit

Bash, Binutils, Coreutils, Gawk, GCC, GDBM, Glibc, Grep, Libxcrypt, Make, Sed, and
Zlib

GDBM, Glibc, and Libxcrypt

lana-Etc, Less, and Procps-ng

Autoconf

Berkeley DB

Bash, Binutils, Coreutils, Gawk, GCC, Glibc, Grep, Make, Sed, and Sqglite

Glibc

None

Binutils, D-Bus, E2fsprogs, |Proute2, Kmod, Man-DB, Procps-ng, Python, Systemd,
and Util-linux

None
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Procps-ng
I nstallation depends on:
Required at runtime:
Test suite dependson:

Must beinstalled before;

Optional dependencies:

Psmisc
I nstallation depends on:
Required at runtime:
Test suite dependson:

Must beinstalled before;

Optional dependencies:

Python

Installation depends on:

Required at runtime:
Test suite dependson:

Must beinstalled before;

Optional dependencies:

Readline
Installation depends on:

Required at runtime:
Test suite dependson:

Must beinstalled before;

Optional dependencies:
Sed

Installation depends on:
Required at runtime:
Test suite depends on:

Must beinstalled before:

Optional dependencies:

Setuptools
Installation depends on:
Required at runtime:
Test suite depends on:

Must beinstalled before:

Optional dependencies:
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Bash, Binutils, Coreutils, GCC, Glibc, Make, Ncurses, Pkgconf, and Systemd
Glibc

DegaGNU

None

None

Bash, Binutils, Coreutils, GCC, Gettext, Glibc, Grep, Make, Ncurses, and Sed
Glibc and Ncurses

Expect

None

None

Bash, Binutils, Coreutils, Expat, GCC, Gdom, Gettext, Glibc, Grep, Libffi, Libxcrypt,
Make, Ncurses, OpenSSL, Pkgconf, Sed, Util-linux, and Zstd

Bzip2, Expat, Gdom, Glibc, Libffi, Libxcrypt, Ncurses, OpenSSL, and Zlib

GDB and Valgrind

Ninja

Berkeley DB, libngl, QLite, and Tk

Bash, Binutils, Coreutils, Gawk, GCC, Glibc, Grep, Make, Ncurses, Patch, Sed, and
Texinfo

Glibc and Ncurses

No test suite available

Bash, Bc, and Gawk

None

Bash, Binutils, Coreutils, GCC, Gettext, Glibc, Grep, Make, Sed, and Texinfo
Acl, Attr, and Glibc

Diffutils and Gawk

E2fsprogs, File, Libtool, and Shadow

None

Python and Wheel

Python

No test suite available

Jinja2, MarkupSafe, and Meson
None
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Shadow

Installation depends on:

Required at runtime:
Test suite dependson:

Must beinstalled before:

Optional dependencies:

Pcre2

Installation depends on:
Required at runtime:
Test suite depends on:

Must beinstalled before:

Optional dependencies:

Systemd

Installation depends on:

Required at runtime:
Test suite dependson:

Must beinstalled before:

Optional dependencies:

Tar
Installation depends on:

Required at runtime:
Test suite depends on:

Must beinstalled before:

Optional dependencies:

Tcl

Installation depends on:
Required at runtime:
Test suite depends on:

Must beinstalled before;

Optional dependencies:
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Acl, Attr, Bash, Binutils, Coreutils, Diffutils, Findutils, Gawk, GCC, Gettext, Glibc,
Grep, Libcap, Libxcrypt, Make, and Sed

Glibc and Libxcrypt

No test suite available
Coretils

CrackLib and Linux-PAM

Bash, Binutils, GCC, Glibc, Gzip, Make, Ncurses, and Readline
Glibc

None

Python

libarchive and libedit

Acl, Bash, Binutils, Coreutils, Diffutils, Gawk, GCC, Glibc, Gperf, Grep, Jinja2,
Libxcrypt, Lz4, Meson, OpenSSL, Pcre2, Pkgconf, Sed, Util-linux, and Zstd

Acl, Glibc, Libxcrypt, OpenSSL, Util-linux, Xz, Zlib, and Zstd
None
D-Bus, E2fsprogs, Man-DB, Procps-ng, and Util-linux

AppArmor, audit-userspace, bash-completion, btrfs-progs, CURL, cryptsetup, docbook-
xml, docbook-xsl-nons, Git, GNuTLS, iptables, jekyll, kexec-tools, libbpf, libdw, libfido2,
libgerypt, libidn2, libmicrohttpd, libpwquality, libseccomp, libxkbcommon, libxslt,
Linux-PAM, Ixml, make-ca, pll-kit, pefile, Polkit, pyelftools, gemu, grencode, quota-
tools, rpm, rsync, SELinux, Sphinx, systemtap, tpm2-tss, Valgrind, Xen, and zsh

Acl, Attr, Bash, Binutils, Bison, Coreutils, GCC, Gettext, Glibc, Grep, Inetutils, Make,
Sed, and Texinfo

Acl, Attr, Bzip2, Glibc, Gzip, and Xz
Autoconf, Diffutils, Findutils, Gawk, and Gzip
None

None

Bash, Binutils, Coreutils, Diffutils, GCC, Glibc, Grep, Make, and Sed
Glibc and Zlib

None

None

None
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Texinfo
I nstallation depends on:
Required at runtime:
Test suite dependson:

Must beinstalled before;

Optional dependencies:

Util-linux
I nstallation depends on:

Required at runtime:
Test suite dependson:

Must beinstalled before;

Optional dependencies:

Vim
I nstallation depends on:
Required at runtime:
Test suite dependson:

Must beinstalled before;

Optional dependencies:

Wheel
Installation depends on:
Required at runtime:
Test suite dependson:

Must beinstalled before;

Optional dependencies:

XML::Parser
Installation depends on:
Required at runtime:
Test suite depends on:

Must beinstalled before:

Optional dependencies:

Xz
Installation depends on:
Required at runtime:
Test suite depends on:

Must beinstalled before:

Optional dependencies:
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Bash, Binutils, Coreutils, GCC, Gettext, Glibc, Grep, Make, Ncurses, Patch, and Sed
Glibc and Ncurses

None

None

None

Bash, Binutils, Coreutils, Diffutils, File, Findutils, Gawk, GCC, Gettext, Glibc, Grep,
Make, Ncurses, Pkgconf, Sed, Systemd, and Zlib

Glibc, Ncurses, Readline, Systemd, and Zlib

None

None

Asciidoctor, Libcap-NG, libeconf, libuser, libutempter, Linux-PAM, smartmontools,
po4a, and slang

Acl, Attr, Bash, Binutils, Coreutils, Diffutils, GCC, Glibc, Grep, Make, Ncurses, and Sed
Acl, Attr, Glibc, Python, Ncurses, and Tcl

None

None

Xorg, GTK+2, LessTif, Ruby, and GPM

Python, Flit-core, and packaging

Python

No test suite available

Jinja2, MarkupSafe, Meson, and Setuptools
None

Bash, Binutils, Coreutils, Expat, GCC, Glibc, Make, and Perl
Expat, Glibc, and Perl

Perl

Intltool

LWP::User Agent

Bash, Binutils, Coreutils, Diffutils, GCC, Glibc, and Make
Glibc

None

File, GRUB, Kmod, Libelf, Man-DB, and Systemd

None
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Zlib
Installation depends on: Bash, Binutils, Coreutils, GCC, Glibc, Make, and Sed
Required at runtime: Glibc
Test suite depends on: None

Must beinstalled before:  File, Kmod, Libelf, Perl, and Util-linux
Optional dependencies: None

Zstd
Installation depends on: Binutils, Coreutils, GCC, Glibc, Gzip, Lz4, Make, Xz, and Zlib
Required at runtime: Glibc
Test suite depends on: None

Must beinstalled before:  Binutils, File, GCC, Kmod, Libelf, Python, and Systemd
Optional dependencies: None
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Appendix D. LFS Licenses

This book is licensed under the Creative Commons Attribution-NonCommercia-ShareAlike 2.0 License.

Computer instructions may be extracted from the book under the MIT License.

D.1. Creative Commons License

Creative Commons Legal Code
Attribution-NonCommercial-ShareAlike 2.0

I mportant

CREATIVE COMMONS CORPORATION ISNOT A LAW FIRM AND DOES NOT PROVIDE LEGAL
SERVICES. DISTRIBUTION OF THIS LICENSE DOES NOT CREATE AN ATTORNEY-CLIENT
RELATIONSHIP. CREATIVE COMMONS PROVIDES THIS INFORMATION ON AN "AS-IS' BASIS.
CREATIVECOMMONS MAKESNOWARRANTIESREGARDING THEINFORMATION PROVIDED,
AND DISCLAIMSLIABILITY FOR DAMAGES RESULTING FROM ITSUSE.

License

THE WORK (AS DEFINED BELOW) IS PROVIDED UNDER THE TERMS OF THIS CREATIVE COMMONS
PUBLIC LICENSE ("CCPL" OR "LICENSE"). THE WORK ISPROTECTED BY COPYRIGHT AND/OR OTHER
APPLICABLE LAW. ANY USE OF THE WORK OTHER THAN ASAUTHORIZED UNDER THIS LICENSE OR
COPYRIGHT LAW ISPROHIBITED.

BY EXERCISING ANY RIGHTS TO THE WORK PROVIDED HERE, YOU ACCEPT AND AGREE TO BE
BOUND BY THE TERMS OF THIS LICENSE. THE LICENSOR GRANTS YOU THE RIGHTS CONTAINED
HERE IN CONSIDERATION OF YOUR ACCEPTANCE OF SUCH TERMS AND CONDITIONS.

1. Definitions

a

- o Q0

"Collective Work™" means awork, such as a periodical issue, anthology or encyclopedia, in which the Work inits
entirety in unmodified form, along with a number of other contributions, constituting separate and independent
works in themselves, are assembled into a collective whole. A work that constitutes a Collective Work will not
be considered a Derivative Work (as defined below) for the purposes of this License.

"Derivative Work" means awork based upon the Work or upon the Work and other pre-existing works, such as
atrandation, musical arrangement, dramatization, fictionalization, motion picture version, sound recording, art
reproduction, abridgment, condensation, or any other form in which the Work may be recast, transformed, or
adapted, except that awork that constitutes a Collective Work will not be considered a Derivative Work for the
purpose of thisLicense. For the avoidance of doubt, wherethe Work isamusical composition or sound recording,
the synchronization of the Work in timed-relation with a moving image ("synching") will be considered a
Derivative Work for the purpose of this License.

"Licensor" means the individual or entity that offers the Work under the terms of this License.
"Origina Author" means the individual or entity who created the Work.
"Work" means the copyrightable work of authorship offered under the terms of this License.

"You" means an individual or entity exercising rights under this License who has not previously violated the
terms of this License with respect to the Work, or who has received express permission from the Licensor to
exercise rights under this License despite a previous violation.
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g. "License Elements' means the following high-level license attributes as selected by Licensor and indicated in
the title of this License: Attribution, Noncommercial, ShareAlike.

. Fair Use Rights. Nothing in thislicense is intended to reduce, limit, or restrict any rights arising from fair use, first
sale or other limitations on the exclusive rights of the copyright owner under copyright law or other applicable laws.

. License Grant. Subject to thetermsand conditions of thisLicense, Licensor hereby grants'Y ou aworldwide, royalty-
free, non-exclusive, perpetual (for the duration of the applicable copyright) license to exercise the rights in the
Work as stated below:

a. to reproduce the Work, to incorporate the Work into one or more Collective Works, and to reproduce the Work
as incorporated in the Collective Works;

b. to create and reproduce Derivative Works;

c. to distribute copies or phonorecords of, display publicly, perform publicly, and perform publicly by means of a
digital audio transmission the Work including as incorporated in Collective Works;

d. to distribute copies or phonorecords of, display publicly, perform publicly, and perform publicly by means of
adigital audio transmission Derivative Works,

The above rights may be exercised in all media and formats whether now known or hereafter devised. The above
rightsinclude the right to make such modifications as are technically necessary to exercise therightsin other media
and formats. All rights not expressly granted by Licensor are hereby reserved, including but not limited to the rights
set forth in Sections 4(e) and 4(f).

. Restrictions.The license granted in Section 3 above is expressly made subject to and limited by the following
restrictions:

a. You may distribute, publicly display, publicly perform, or publicly digitally perform the Work only under the
terms of this License, and Y ou must include a copy of, or the Uniform Resource Identifier for, this License with
every copy or phonorecord of the Work Y ou distribute, publicly display, publicly perform, or publicly digitally
perform. You may not offer or impose any terms on the Work that alter or restrict the terms of this License
or the recipients exercise of the rights granted hereunder. Y ou may not sublicense the Work. Y ou must keep
intact all notices that refer to this License and to the disclaimer of warranties. Y ou may not distribute, publicly
display, publicly perform, or publicly digitally perform the Work with any technological measures that control
access or use of the Work in amanner inconsistent with the terms of this License Agreement. The above applies
to the Work as incorporated in a Collective Work, but this does not require the Collective Work apart from
the Work itself to be made subject to the terms of this License. If You create a Collective Work, upon notice
from any Licensor Y ou must, to the extent practicable, remove from the Collective Work any reference to such
Licensor or the Original Author, as requested. If Y ou create a Derivative Work, upon notice from any Licensor
You must, to the extent practicable, remove from the Derivative Work any reference to such Licensor or the
Original Author, as requested.

b. You may distribute, publicly display, publicly perform, or publicly digitally perform a Derivative Work only
under thetermsof thisLicense, alater version of thisLicensewith the same License ElementsasthisLicense, or a
Creative CommonsiCommons license that contains the same License Elements asthis License (e.g. Attribution-
NonCommercial-ShareAlike 2.0 Japan). Y ou must include a copy of, or the Uniform Resource | dentifier for, this
License or other license specified in the previous sentence with every copy or phonorecord of each Derivative
Work You distribute, publicly display, publicly perform, or publicly digitally perform. Y ou may not offer or
impose any terms on the Derivative Works that alter or restrict the terms of this License or the recipients
exercise of the rights granted hereunder, and Y ou must keep intact all notices that refer to this License and to
the disclaimer of warranties. You may not distribute, publicly display, publicly perform, or publicly digitally
perform the Derivative Work with any technol ogical measures that control access or use of the Work in amanner
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inconsistent with the terms of this License Agreement. The above appliesto the Derivative Work asincorporated
in a Collective Work, but this does not require the Collective Work apart from the Derivative Work itself to be
made subject to the terms of this License.

c. Youmay not exercise any of therightsgranted to Y ou in Section 3 abovein any manner that is primarily intended
for or directed toward commercial advantage or private monetary compensation. The exchange of the Work for
other copyrighted works by means of digital file-sharing or otherwise shall not be considered to be intended for
or directed toward commercial advantage or private monetary compensation, provided there is no payment of
any monetary compensation in connection with the exchange of copyrighted works.

d. If you distribute, publicly display, publicly perform, or publicly digitally perform the Work or any Derivative
Worksor Collective Works, Y ou must keep intact all copyright noticesfor the Work and givethe Original Author
credit reasonabl e to the medium or means Y ou are utilizing by conveying the name (or pseudonym if applicable)
of the Original Author if supplied; the title of the Work if supplied; to the extent reasonably practicable, the
Uniform Resource Identifier, if any, that Licensor specifies to be associated with the Work, unless such URI
does not refer to the copyright notice or licensing information for the Work; and in the case of a Derivative
Work, acredit identifying the use of the Work in the Derivative Work (e.g., "French trandation of the Work by
Original Author," or " Screenplay based on original Work by Original Author"). Such credit may beimplemented
in any reasonable manner; provided, however, that in the case of a Derivative Work or Collective Work, at a
minimum such credit will appear where any other comparable authorship credit appears and in a manner at least
as prominent as such other comparabl e authorship credit.

e. For the avoidance of doubt, where the Work isamusical composition:

i. Performance Royalties Under Blanket Licenses. Licensor reserves the exclusive right to collect, whether
individually or via a performance rights society (e.g. ASCAP, BMI, SESAC), royalties for the public
performanceor public digital performance (e.g. webcast) of the Work if that performanceis primarily intended
for or directed toward commercial advantage or private monetary compensation.

ii. Mechanical Rights and Statutory Royalties. Licensor reserves the exclusive right to collect, whether
individually or via a music rights agency or designated agent (e.g. Harry Fox Agency), royalties for any
phonorecord Y ou create from the Work ("cover version™) and distribute, subject to the compulsory license
created by 17 USC Section 115 of the US Copyright Act (or the equivalent in other jurisdictions), if Y our
distribution of such cover versionisprimarily intended for or directed toward commercial advantageor private
monetary compensation. 6. Webcasting Rights and Statutory Royalties. For the avoidance of doubt, where
the Work is a sound recording, Licensor reserves the exclusive right to collect, whether individually or viaa
performance-rights society (e.g. SoundExchange), royalties for the public digital performance (e.g. webcast)
of the Work, subject to the compulsory license created by 17 USC Section 114 of the US Copyright Act (or
the equivalent in other jurisdictions), if Your public digital performance is primarily intended for or directed
toward commercial advantage or private monetary compensation.

f. Webcasting Rights and Statutory Royalties. For the avoidance of doubt, where the Work is a sound recording,
Licensor reserves the exclusive right to collect, whether individually or via a performance-rights society
(e.g. SoundExchange), royalties for the public digital performance (e.g. webcast) of the Work, subject to the
compulsory license created by 17 USC Section 114 of the US Copyright Act (or the equivalent in other
jurisdictions), if Your public digital performance is primarily intended for or directed toward commercial
advantage or private monetary compensation.

5. Representations, Warranties and Disclaimer
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UNLESS OTHERWISE MUTUALLY AGREED TO BY THE PARTIES IN WRITING, LICENSOR
OFFERS THE WORK ASIS AND MAKES NO REPRESENTATIONS OR WARRANTIES OF ANY
KIND CONCERNING THE WORK, EXPRESS, IMPLIED, STATUTORY OR OTHERWISE, INCLUDING,
WITHOUT LIMITATION, WARRANTIESOF TITLE, MERCHANTIBILITY, FITNESSFORA PARTICULAR
PURPOSE, NONINFRINGEMENT, OR THE ABSENCE OF LATENT OR OTHER DEFECTS, ACCURACY,
OR THE PRESENCE OF ABSENCE OF ERRORS, WHETHER OR NOT DISCOVERABLE. SOME
JURISDICTIONSDONOT ALLOW THE EXCLUSION OF IMPLIED WARRANTIES, SO SUCH EXCLUSION
MAY NOT APPLY TO YOU.

. Limitation on Liability. EXCEPT TO THE EXTENT REQUIRED BY APPLICABLE LAW, IN NO EVENT

WILL LICENSOR BE LIABLE TO YOU ON ANY LEGAL THEORY FOR ANY SPECIAL, INCIDENTAL,
CONSEQUENTIAL, PUNITIVE OR EXEMPLARY DAMAGES ARISING OUT OF THISLICENSE OR THE
USE OF THE WORK, EVEN |F LICENSOR HAS BEEN ADVISED OF THE POSSIBILITY OF SUCH
DAMAGES.

. Termination

a. ThisLicense and the rights granted hereunder will terminate automatically upon any breach by Y ou of the terms
of thisLicense. Individuals or entitieswho have received Derivative Works or Collective Worksfrom Y ou under
this License, however, will not have their licenses terminated provided such individuals or entitiesremain in full
compliance with those licenses. Sections 1, 2, 5, 6, 7, and 8 will survive any termination of this License.

b. Subject to the above termsand conditions, the license granted hereis perpetual (for the duration of the applicable
copyright in the Work). Notwithstanding the above, Licensor reserves the right to release the Work under
different license terms or to stop distributing the Work at any time; provided, however that any such election
will not serveto withdraw this License (or any other license that has been, or isrequired to be, granted under the
terms of this License), and this License will continue in full force and effect unless terminated as stated above.

Miscellaneous

a. Eachtime Y ou distribute or publicly digitally perform the Work or a Collective Work, the Licensor offersto the
recipient alicenseto the Work on the same terms and conditions asthe license granted to Y ou under this License.

b. Each time You distribute or publicly digitally perform a Derivative Work, Licensor offers to the recipient a
license to the original Work on the same terms and conditions as the license granted to Y ou under this License.

c. If any provision of this Licenseisinvalid or unenforceable under applicable law, it shall not affect the validity
or enforceability of the remainder of the terms of this License, and without further action by the parties to this
agreement, such provision shall be reformed to the minimum extent necessary to make such provision valid and
enforceable.

d. No term or provision of this License shall be deemed waived and no breach consented to unless such waiver or
consent shall be in writing and signed by the party to be charged with such waiver or consent.

e. This License constitutes the entire agreement between the parties with respect to the Work licensed here. There
are no understandings, agreements or representations with respect to the Work not specified here. Licensor shall
not be bound by any additional provisions that may appear in any communication from Y ou. This License may
not be modified without the mutual written agreement of the Licensor and Y ou.
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' I mportant

Creative Commons is not a party to this License, and makes no warranty whatsoever in connection with
the Work. Creative Commons will not be liable to You or any party on any legal theory for any damages
whatsoever, including without limitation any general, special, incidental or consequential damages arising
in connection to this license. Notwithstanding the foregoing two (2) sentences, if Creative Commons has
expressly identified itself asthe Licensor hereunder, it shall have all rights and obligations of Licensor.

Except for the limited purpose of indicating to the public that the Work is licensed under the CCPL, neither
party will use the trademark "Creative Commons' or any related trademark or logo of Creative Commons
without the prior written consent of Creative Commons. Any permitted use will be in compliance with
Creative Commons' then-current trademark usage guidelines, as may be published on itswebsite or otherwise
made available upon request from time to time.

Creative Commons may be contacted at http://creativecommons.org/.

D.2. The MIT License
Copyright © 1999-2026 Gerard Beekmans

Permission is hereby granted, free of charge, to any person obtaining a copy of this software and associated
documentation files (the " Software™), to deal in the Software without restriction, including without limitation the rights
to use, copy, modify, merge, publish, distribute, sublicense, and/or sell copies of the Software, and to permit persons
to whom the Software is furnished to do so, subject to the following conditions:

The above copyright notice and this permission notice shall be included in al copies or substantial portions of the
Software.

THE SOFTWARE IS PROVIDED "AS IS', WITHOUT WARRANTY OF ANY KIND, EXPRESS OR IMPLIED,
INCLUDING BUT NOT LIMITED TO THE WARRANTIES OF MERCHANTABILITY, FITNESS FOR
A PARTICULAR PURPOSE AND NONINFRINGEMENT. IN NO EVENT SHALL THE AUTHORS OR
COPYRIGHT HOLDERS BE LIABLE FOR ANY CLAIM, DAMAGES OR OTHER LIABILITY, WHETHER IN
AN ACTION OF CONTRACT, TORT OR OTHERWISE, ARISING FROM, OUT OF OR IN CONNECTION WITH
THE SOFTWARE OR THE USE OR OTHER DEALINGS IN THE SOFTWARE.
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Acl: 138
Attr: 137
Autoconf: 175
Automake: 176
Bash: 161
tools: 63
Bash: 161
tools: 63
Bc: 122
Binutils: 130
tools, pass 1. 47
tools, pass 2: 76
Binutils: 130
tools, pass 1. 47
tools, pass 2: 76
Binutils: 130
tools, pass 1. 47
tools, pass 2: 76
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tools: 86
Bison: 159
tools: 86
Bzip2: 110
Coreutils: 192
tools: 64
Coreutils: 192
tools: 64
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tools: 65
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tools: 65
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Expect: 126
File 116
tools: 66
File 116
tools: 66
Findutils: 199
tools: 67
Findutils: 199
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tools: 67
Flex: 123
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Gawk: 198
tools: 68
Gawk: 198
tools: 68
GCC: 146
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tools, pass 1: 49
tools, pass 2: 77
GCC: 146
tools, libstdc++ pass 1. 57
tools, pass 1: 49
tools, pass 2: 77
GCC: 146
tools, libstdc++ pass 1. 57
tools, pass 1. 49
tools, pass 2: 77
GCC: 146
tools, libstdc++ pass 1. 57
tools, pass 1: 49
tools, pass 2: 77
GDBM: 164
Gettext: 157
tools: 85
Gettext: 157
tools: 85
Glibc: 101
tools: 53
Glibc: 101
tools: 53
GMP: 133
Gperf: 165
Grep: 160
tools: 69
Grep: 160
tools: 69
Groff: 200
GRUB: 203
Gzip: 205
tools: 70
Gzip: 205
tools: 70
lana-Etc: 100
Inetutils: 167
Intltool: 174



IPRoute2: 206
Jinja2: 220
Kbd: 208
Kmod: 191
Less: 169
Libcap: 139
Libelf: 179
libffi: 180
Libpipeline: 210
Libtool: 163
Libxcrypt: 140
Linux: 263
tools, APl headers: 52
Linux: 263
tools, APl headers: 52
Lz4: 114
M4: 121
tools: 60
M4: 121
tools: 60
Make: 211
tools: 71
Make: 211
tools: 71
Man-DB: 229
Man-pages: 99
MarkupSafe: 219
Meson: 190
MPC: 136
MPFR: 135
Ncurses: 152
tools: 61
Ncurses: 152
tools: 61
Ninja: 189
OpenSSL: 177
packaging: 186
Patch: 212
tools: 72
Patch: 212
tools: 72
Pcre2: 119
Perl: 170
tools: 87
Perl: 170
tools: 87
Pkgconf: 129
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Procps-ng: 232
Psmisc: 156
Python: 183
temporary: 88
Python: 183
temporary: 88
Readline: 117
Sed: 155
tools: 73
Sed: 155
tools: 73
Setuptools. 188
Shadow: 142
configuring: 143
Shadow: 142
configuring: 143
Sqlite: 181
systemd: 221
Tar: 213
tools: 74
Tar: 213
tools: 74
Tcl: 124
Texinfo: 214
temporary: 89
Texinfo: 214
temporary: 89
Udev
usage: 249
Util-linux: 234
tools: 90
Util-linux: 234
tools: 90
Vim: 216
wheel: 187
XML::Parser: 173
Xz. 112
tools: 75
Xz. 112
tools: 75
Zlib: 109
zstd: 115
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[: 192, 193
accessdb: 229, 230
aclocal: 176, 176



aclocal-1.18: 176, 176
addftinfo: 200, 200
addpart: 234, 235
addr2line: 130, 131
afmtodit: 200, 200
agetty: 234, 235
apropos. 229, 230
ar: 130, 131

as: 130, 131

attr: 137, 137
autoconf: 175, 175
autoheader: 175, 175
automdte: 175, 175
automake: 176, 176

automake-1.18: 176, 176

autopoint: 157, 157
autoreconf: 175, 175
autoscan: 175, 175
autoupdate: 175, 175
awk: 198, 198
b2sum: 192, 193
badblocks: 239, 240

base64: 192, 193, 192, 193
base64: 192, 193, 192, 193

basename: 192, 193
basenc: 192, 193
bash: 161, 162
bashbug: 161, 162
bc: 122, 122

bison: 159, 159
blkdiscard: 234, 235
blkid: 234, 235
blkzone: 234, 235
blockdev: 234, 235
bomtool: 129, 129
bootctl: 221, 223
bridge: 206, 206
bunzip2: 110, 111
busctl: 221, 223
bzcat: 110, 111
bzcmp: 110, 111
bzdiff: 110, 111
bzegrep: 110, 111
bzfgrep: 110, 111
bzgrep: 110, 111
bzip2: 110, 111
bzip2recover: 110, 111
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bzless: 110, 111
bzmore: 110, 111
c++: 146, 150
c++filt: 130, 131
cal: 234, 235
capsh: 139, 139
captoinfo: 152, 153
cat: 192, 193
catman: 229, 231
cc: 146, 150
cfdisk: 234, 235
chacl: 138, 138
chage: 142, 144
chattr: 239, 240
chcon: 192, 193
chcpu: 234, 235
chem: 200, 200
chfn: 142, 144
chgpasswd: 142, 144
chgrp: 192, 193
chmem: 234, 235
chmod: 192, 193
choom: 234, 235
chown: 192, 193
chpasswd: 142, 144
chroot: 192, 193
chrt: 234, 235
chsh: 142, 144
chvt: 208, 209
cksum: 192, 194
clear: 152, 153
cmp: 197, 197

col: 234, 235
colcrt: 234, 235
colrm: 234, 235
column: 234, 235
comm: 192, 194
compile_et: 239, 240
coredumpctl: 221, 223
corelist: 170, 171
cp: 192, 194

cpan: 170, 171
cpp: 146, 150
csplit: 192, 194
ctrlaltdel: 234, 235
ctstat: 206, 206
cut: 192, 194



c_rehash: 177, 178
date: 192, 194

dbus-cleanup-sockets: 227, 227

dbus-daemon: 227, 227
dbus-launch: 227, 228
dbus-monitor: 227, 228
dbus-run-session: 227, 228
dbus-send: 227, 228
dbus-test-tool: 227, 228

dbus-update-activation-environment: 227, 228

dbus-uuidgen: 227, 228
dc: 122,122

dd: 192, 194
deallocvt: 208, 209
debugfs: 239, 240
degjagnu: 128, 128
delpart: 234, 235
depmod: 191, 191
df: 192, 194

diff: 197, 197

diff3: 197, 197

dir: 192, 194
dircolors: 192, 194
dirname: 192, 194
dmesg: 234, 235
dnsdomainname: 167, 168
du: 192, 194
dumpe2fs: 239, 240
dumpkeys:. 208, 209
e2freefrag: 239, 240
e2fsck: 239, 240
e2image: 239, 240
e2label: 239, 240
e2mmpstatus. 239, 240
e2scrub: 239, 240
e2scrub_all: 239, 240
e2undo: 239, 240
edcrypt: 239, 240
eddefrag: 239, 240
echo: 192, 194
egrep: 160, 160
gject: 234, 235
elfedit: 130, 131
enc2xs. 170, 171
encguess: 170, 171
env: 192, 194
envsubst: 157, 157
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egn: 200, 200
egn2graph: 200, 200
ex: 216, 218
expand: 192, 194
expect: 126, 127
expiry: 142, 144
expr: 192, 194
factor: 192, 194
faillog: 142, 144
fallocate: 234, 235
fase 192, 194
fdisk: 234, 236
fgconsole: 208, 209
fgrep: 160, 160

file: 116, 116
filefrag: 239, 241
fincore: 234, 236
find: 199, 199
findfs: 234, 236
findmnt: 234, 236
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flock: 234, 236
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free: 232, 232
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fsck.cramfs. 234, 236
fsck.ext2: 239, 241
fsck.ext3: 239, 241
fsck.ext4: 239, 241
fsck.minix: 234, 236
fsfreeze: 234, 236
fstrim: 234, 236

ftp: 167, 168

fuser: 156, 156

g++: 146, 150
gawk: 198, 198
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gcc: 146, 150

gc-ar: 146, 150
gc-nm: 146, 150
gc-ranlib: 146, 150
gcov: 146, 150
gcov-dump: 146, 150
gcov-tool: 146, 150
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gdiffmk: 200, 200
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getcap: 139, 139
getconf: 101, 107
getent: 101, 107
getfacl: 138, 138
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gpasswd: 142, 144
gperf: 165, 165
gperl: 200, 200
gpinyin: 200, 200
gprof: 130, 131
gprofng: 130, 131
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grep: 160, 160

grn: 200, 201

grodvi: 200, 201
groff: 200, 201
groffer: 200, 201
grog: 200, 201
grolbp: 200, 201
grolj4: 200, 201
gropdf: 200, 201
grops: 200, 201
grotty: 200, 201
groupadd: 142, 144
groupdel: 142, 144
groupmems: 142, 145
groupmod: 142, 145
groups. 192, 194
grpck: 142, 145
grpconv: 142, 145
grpunconv: 142, 145

grub-bios-setup: 203, 204

grub-editenv: 203, 204
grub-file: 203, 204
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grub-fstest: 203, 204
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grub-mkstandalone: 203, 204
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grub-reboot: 203, 204
grub-render-label: 203, 204
grub-script-check: 203, 204
grub-set-default: 203, 204
grub-setup: 203, 204
grub-sydlinux2cfg: 203, 204
gunzip: 205, 205

gzexe: 205, 205

gzip: 205, 205

h2ph: 170, 171

h2xs: 170, 171

halt: 221, 223

hardlink: 234, 236

head: 192, 194

hexdump: 234, 236

hostid: 192, 194

hostname: 167, 168
hostnamectl: 221, 223
hpftodit: 200, 201

hwclock: 234, 236

1386: 234, 236

iconv: 101, 107
iconvconfig: 101, 107

id: 192, 194

idle3: 183

ifconfig: 167, 168

ifnames: 175, 175

ifstat: 206, 206

indxbib: 200, 201

info: 214, 215

infocmp: 152, 153



infotocap: 152, 153
init: 221, 223
insmod: 191, 191
install: 192, 194
install-info: 214, 215
instmodsh: 170, 171

intltool-extract: 174, 174

intltool-merge: 174, 174

intltool-prepare: 174, 174

intltool-update: 174, 174
intltoolize: 174, 174
ionice: 234, 236

ip: 206, 206

ipcmk: 234, 236
ipcrm: 234, 236
ipcs: 234, 236
irqtop: 234, 236
isosize: 234, 236
join: 192, 194
journalctl: 221, 224
json_pp: 170, 171
kbdinfo: 208, 209
kbdrate: 208, 209
kbd_mode: 208, 209
kernel-install: 221, 224
kill: 234, 236
killal: 156, 156
kmod: 191, 191
last: 234, 236

lastb: 234, 236

Id: 130, 131

Id.bfd: 130, 131
|dattach: 234, 236
Idconfig: 101, 107
ldd: 101, 107
[ddlibc4: 101, 107
less: 169, 169
lessecho: 169, 169
lesskey: 169, 169
lex: 123, 123
lexgrog: 229, 231

Ifskernel-6.18.10: 263, 269

libasan: 146, 150
libatomic: 146, 150
libccl: 146, 150
libnetcfg: 170, 171
libtool: 163, 163
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libtoolize: 163, 163
link: 192, 194
linux32: 234, 236
linux64: 234, 236
[kbib: 200, 201

In: 192, 194

Instat: 206, 207
loadkeys: 208, 209
loadunimap: 208, 209
locale: 101, 107
localectl: 221, 224
localedef: 101, 107
locate: 199, 199
logger: 234, 236
login: 142, 145
loginctl: 221, 224
logname: 192, 194
logoutd: 142, 145
logsave: 239, 241
look: 234, 236
lookbib: 200, 201
losetup: 234, 236
Is: 192, 194

Isattr: 239, 241
Isblk: 234, 236
Iscpu: 234, 236
Isfd: 234, 236
Isipc: 234, 236
Isirg: 234, 237
Islocks: 234, 237
Islogins. 234, 237
Ismem: 234, 237
Ismod: 191, 191
Isns. 234, 237
[to-dump: 146, 150
1z4: 114, 114

Iz4c: 114, 114
|z4cat: 114, 114
lzcat: 112, 112
lzcmp: 112, 112
lzdiff: 112, 112
Izegrep: 112, 112
Izfgrep: 112, 112
lzgrep: 112, 112
Izless: 112, 112
Izma: 112, 112
Izmadec: 112, 112



|zmainfo: 112, 112
Izmore: 112, 113
m4: 121, 121
machinectl: 221, 224
make: 211, 211
makedb: 101, 107
makeinfo: 214, 215
man: 229, 231
man-recode: 229, 231
mandb: 229, 231
manpath: 229, 231
mapscrn: 208, 209
mcookie: 234, 237
md5sum: 192, 194
mesg: 234, 237
meson: 190, 190
mkdir: 192, 194
mke2fs. 239, 241
mkfifo: 192, 194
mkfs: 234, 237
mkfs.bfs; 234, 237
mkfs.cramfs; 234, 237
mkfs.ext2: 239, 241
mkfs.ext3: 239, 241
mkfs.ext4: 239, 241
mkfs.minix: 234, 237

mklost+found: 239, 241

mknod: 192, 195
mkswap: 234, 237
mktemp: 192, 195
mk_cmds: 239, 241
mmroff: 200, 201
modinfo: 191, 191
modprobe: 191, 191
more: 234, 237
mount: 234, 237
mountpoint: 234, 237
msgattrib: 157, 157
msgcat: 157, 157
msgcmp: 157, 157
msgcomm: 157, 158
msgconv: 157, 158
msgen: 157, 158
msgexec: 157, 158
msgfilter: 157, 158
msgfmt: 157, 158
msggrep: 157, 158
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msginit: 157, 158
msgmerge: 157, 158
msgunfmt: 157, 158
msguniq: 157, 158
mtrace: 101, 107

mv: 192, 195

namei: 234, 237
ncursesw6-config: 152, 153
negn: 200, 201
networkctl: 221, 224
newgidmap: 142, 145
newgrp: 142, 145
newuidmap: 142, 145
newusers: 142, 145
ngettext: 157, 158
nice: 192, 195

ninja: 189, 189

nl: 192, 195

nm: 130, 131

nohup: 192, 195
nologin: 142, 145
nproc: 192, 195
nroff: 200, 201
nsenter: 234, 237
nstat: 206, 207
numfmt: 192, 195
objcopy: 130, 131
objdump: 130, 131
od: 192, 195

oomctl: 221, 224
openssl: 177,178
openvt: 208, 209
partx: 234, 237
passwd: 142, 145
paste: 192, 195
patch: 212, 212
pathchk: 192, 195
pcprofiledump: 101, 107
pcre2grep: 119, 120
pcre2test: 119, 120
pdfmom: 200, 201
pdfroff: 200, 201
pdftexi2dvi: 214, 215
peekfd: 156, 156
perl: 170, 171
perl5.42.0: 170, 171
perlbug: 170, 171



perldoc: 170, 171
perlivp: 170, 171
perlthanks: 170, 171
pfbtops: 200, 201
pgrep: 232, 232

pic: 200, 201
pic2graph: 200, 201
piconv: 170, 171
pidof: 232, 232

ping: 167, 168
ping6: 167, 168
pinky: 192, 195
pip3: 183

pivot_root: 234, 237
pkgconf: 129, 129
pkill: 232, 232
pl2pm: 170, 171
pldd: 101, 107

pmap: 232, 232
pod2html: 170, 171
pod2man: 170, 171
pod2texi: 214, 215
pod2text: 170, 171
pod2usage: 170, 171
podchecker: 170, 171
podselect: 170, 171
portablectl: 221, 224
post-grohtml: 200, 201
poweroff: 221, 224
pr: 192, 195
pre-grohtml: 200, 201
preconv: 200, 201
printenv: 192, 195
printf: 192, 195
prlimit: 234, 237
prove: 170, 171
prtstat: 156, 156

ps. 232, 233
psfaddtable: 208, 209
psfgettable: 208, 209
psfstriptable: 208, 209
psfxtable: 208, 209
pslog: 156, 156
pstree: 156, 156
pstree.x11: 156, 156
ptar: 170, 171
ptardiff: 170, 171
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ptargrep: 170, 172
ptx: 192, 195
pwck: 142, 145
pwconv: 142, 145
pwd: 192, 195
pwdx: 232, 233
pwunconv: 142, 145
pydoc3: 183
python3: 183
ranlib: 130, 131
readelf: 130, 131
readlink: 192, 195
readprofile: 234, 237
realpath: 192, 195
reboot: 221, 224
recode-sr-latin: 157, 158
refer: 200, 201
rename. 234, 237
renice: 234, 237
reset: 152, 153
resize2fs. 239, 241
resizepart: 234, 237
resolvconf: 221, 224
resolvectl: 221, 224
rev. 234, 237

rfkill: 234, 237

rm: 192, 195

rmdir: 192, 195
rmmod: 191, 191
roff2dvi: 200, 202
roff2html: 200, 202
roff2pdf: 200, 202
roff2ps: 200, 202
roff2text: 200, 202
roff2x: 200, 202
routel: 206, 207
rtacct: 206, 207
rtcwake: 234, 237
rtmon: 206, 207
rtpr: 206, 207
rtstat: 206, 207
run0:; 221, 224
runcon: 192, 195
runlevel: 221, 224
runtest: 128, 128
rview: 216, 218
rvim: 216, 218



script: 234, 237
scriptlive: 234, 237
scriptreplay: 234, 237
sdiff: 197, 197

sed: 155, 155

seq: 192, 195
setarch: 234, 237
setcap: 139, 139
setfacl: 138, 138
setfattr: 137, 137
setfont: 208, 209
setkeycodes. 208, 209
setleds: 208, 209
setmetamode: 208, 209
setsid: 234, 237
setterm: 234, 237
setvtrgh: 208, 209
sfdisk: 234, 237

sg: 142, 145

sh: 161, 162
shalsum: 192, 195
sha224sum: 192, 195
sha256sum: 192, 195
sha384sum: 192, 195
shab12sum: 192, 195
shasum: 170, 172
showconsolefont: 208, 209
showkey: 208, 209
shred: 192, 195

shuf: 192, 195
shutdown: 221, 224
size: 130, 131
slabtop: 232, 233
sleep: 192, 195

sin: 101, 107

soelim: 200, 202
sort: 192, 195
sotruss: 101, 107
splain: 170, 172
split: 192, 195

sprof: 101, 107
sglite3: 181, 182

ss: 206, 207

stat: 192, 195

stdbuf: 192, 195
strings: 130, 132
strip: 130, 132
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stty: 192, 196

su: 142, 145

sulogin: 234, 237
sum: 192, 196
swaplabel: 234, 237
swapoff: 234, 238
swapon: 234, 238
switch_root: 234, 238
sync: 192, 196

sysctl: 232, 233
systemctl: 221, 224
systemd-ac-power: 221, 224
systemd-analyze: 221, 224

systemd-ask-password: 221, 224

systemd-cat: 221, 224
systemd-cgls: 221, 224
systemd-cgtop: 221, 224
systemd-creds: 221, 224
systemd-delta: 221, 224
systemd-detect-virt: 221, 225
systemd-dissect: 221, 225
systemd-escape: 221, 225
systemd-hwdb: 221, 225
systemd-id128: 221, 225
systemd-inhibit: 221, 225

systemd-machine-id-setup: 221, 225

systemd-mount: 221, 225
systemd-notify: 221, 225
systemd-nspawn: 221, 225
systemd-path: 221, 225

systemd-pty-forward: 221, 225

systemd-repart: 221, 225
systemd-resolve: 221, 225
systemd-run: 221, 225

systemd-socket-activate: 221, 225

systemd-sysext: 221, 225
systemd-tmpfiles: 221, 225

systemd-tty-ask-password-agent: 221, 225

systemd-umount: 221, 225
systemd-vpick: 221, 225
tabs: 152, 153

tac: 192, 196

tail: 192, 196

talk: 167, 168

tar: 213, 213

taskset: 234, 238

tbl: 200, 202



tc: 206, 207

tclsh: 124, 125
tclsh8.6: 124, 125
tee: 192, 196
telnet: 167, 168
test: 192, 196
texi2dvi: 214, 215
texi2pdf: 214, 215
texi2any: 214, 215
texindex: 214, 215
tfmtodit: 200, 202
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touch: 192, 196
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uptime: 232, 233
useradd: 142, 145
userdbctl: 221, 225
userdel: 142, 145
usermod: 142, 145
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utmpdump: 234, 238
uuidd: 234, 238
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uuidparse: 234, 238
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vi: 216, 218
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wheel: 187
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