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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



Linux From Scratch - Version 9.0-systemd

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 that this learning experience can provide is the ability to customize a Linux system to
suit your own unique needs.

Another key benefit of LFSisthat it allowsyou to have more control over the system without relying on someone else's
Linux implementation. With LFS, you are in the driver's seat and dictate every aspect of the system.

LFS alows you to create very compact Linux systems. When installing regular distributions, you are often forced to
install a great many programs which are probably never used or understood. These programs waste resources. Y ou
may argue that with today's hard drive and CPUs, such resources are no longer a consideration. Sometimes, however,
you are still constrained by size considerations if nothing else. Think about bootable CDs, USB sticks, and embedded
systems. Those are areas where LFS can be beneficial.

Another advantage of acustom built Linux system issecurity. By compiling the entire system from source code, you are
empowered to audit everything and apply all the security patches desired. It isno longer necessary 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 is to build a complete and usable foundation-level system. If you do not wish to build
your own Linux system from scratch, you may nevertheless benefit from the information in this book.

There are too many other good reasons to build your own LFS system to list them all here. In the end, education is by
far the most powerful of reasons. Asyou continuein your LFS experience, you will discover the power that information
and knowledge truly 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 CPUs, the main prerequisite, in addition to those on the next few pages, is
an existing Linux system such as an earlier LFS installation, Ubuntu, Red Hat/Fedora, SUSE, or other distribution that
targets the architecture that you have. Also note that a 32-bit distribution can be installed and used as a host system
on a64-bit AMD/Intel computer.

Some other facts about 64-bit systems need to be added here. When compared to a 32-bit system, the sizes of executable
programs are dlightly larger and the execution speeds of arbitrary programs are only dightly faster. For example, in a
test build of LFS-6.5 on a Core2Duo CPU based system, the following statistics were measured:

Architecture Build Tine Build Size
32-bit 198.5 m nutes 648 MB
64-bi t 190.6 m nutes 709 MB

Asyou can see, the 64-bit build isonly 4% faster and is 9% larger than the 32-bit build. The gain from going to a 64-bit
system is relatively minimal. Of course, if you have more than 4GB of RAM or want to manipul ate data that exceeds
4GB, the advantages of a 64-bit system are substantial.

% Note
s

The above discussion is only appropriate when comparing builds on the same hardware. Modern 64-hbit
systems are considerably faster than older 64-bit systems and the L FS authors recommend building on a 64-
bit system when given a choice.

viii
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Thedefault 64-bit build that resultsfrom LFSisconsidered a" pure" 64-bit system. That is, it supports 64-bit executables
only. Building a "multi-lib" system requires compiling many applications twice, once for a 32-bit system and once
for a 64-bit system. This is not directly supported in LFS because it would interfere with the educational objective
of providing the instructions needed for a straightforward base Linux system. Y ou can refer to the Cross Linux From

Scratch project for this advanced topic.

LFS and Standards

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

* POSX.1-2008.

* Filesystem Hierarchy Sandard (FHS) Version 3.0
» Linux Standard Base (LSB) Version 5.0 (2015)

The LSB has four separate standards: Core, Desktop, Runtime Languages, and Imaging. In addition to generic
requirements there are also architecture specific requirements. There are also two areas for trial use: Gtk3 and
Graphics. LFS attempts to conform to the architectures discussed in the previous section.

% Note
V 4

Many people do not agree with the requirements of the L SB. The main purpose of defining it isto ensure
that proprietary software will be able to be installed and run properly on a compliant system. Since LFS
is source based, the user has complete control over what packages are desired and many choose not to
install some packages that are specified by the LSB.

Creating a complete LFS system capable of passing the LSB certifications tests is possible, but not without many
additional packagesthat are beyond the scope of L FS. These additional packages haveinstallation instructionsin BLFS.

Packages supplied by LFS needed to satisfy the LSB Requirements

LSB Core:

LSB Desktop:

LB Runtime Languages:

LSB Imaging:

LSB Gtk3 and LSB Graphics (Trial Use):

Bash, Bc, Binutils, Coreutils, Diffutils, File, Findutils, Gawk,
Grep, Gzip, M4, Man-DB, Ncurses, Procps, Psmisc, Sed,
Shadow, Tar, Util-linux, Zlib

None
Perl

None
None

Packages supplied by BLFS needed to satisfy the LSB Requirements

LSB Core:

LSB Desktop:

LSB Runtime Languages:

At, Batch (a part of At), Cpio, Ed, Fcrontab, Initd-tools,
Lsb_release, NSPR, NSS, PAM, Pax, Sendmail (or Postfix or
Exim), time

Alsa, ATK, Cairo, Desktop-file-utils, Freetype, Fontconfig,
Gdk-pixbuf, Glib2, GTK+2, Icon-naming-utils, Libjpeg-turbo,
Libpng, Libtiff, Libxml2, MesaLib, Pango, Xdg-utils, Xorg

Python, Libxml2, Libxslt

iX


http://trac.clfs.org/
http://trac.clfs.org/
http://pubs.opengroup.org/onlinepubs/9699919799/
http://refspecs.linuxfoundation.org/FHS_3.0/fhs/index.html
http://refspecs.linuxfoundation.org/lsb.shtml

Linux From Scratch - Version 9.0-systemd

LSB Imaging: CUPS, Cups-filters, Ghostscript, SANE
LB Gtk3 and LSB Graphics (Trial Use): GTK+3

Packages not supplied by LFS or BLFS needed to satisfy the LSB Requirements

LSB Core: None
LSB Desktop: Qt4 (but Qt5 is provided)
LSB Runtime Languages: None
LSB Imaging: None
LB Gtk3 and LB Graphics (Trial Use): None

Rationale for Packages in the Book

As stated earlier, the goal of LFSisto build acomplete and usable foundation-level system. Thisincludes all packages
needed to replicate itself while providing arelatively minimal base from which to customize a more complete system
based on the choices of theuser. Thisdoesnot mean that L FSisthe smallest system possible. Several important packages
are included that are not strictly required. The lists below document the rationale for each package in the book.

* Acl
This package contains utilities to administer Access Control Lists, which are used to define more fine-grained
discretionary accessrights for files and directories.

o Attr

This package contains programs for administering extended attributes on filesystem objects.

» Autoconf
This package contains 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 updates to the build procedures.

» Automake

This package contains programs for generating Make files from a template. It is often needed to rebuild a package
after updates to the build procedures.

* 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 beyond basic shell functions.

* Bc
This package provides an arbitrary precision numeric processing language. It satisfies a requirement needed when
building the Linux kernel.

» Binutils
This package contains a linker, an assembler, and other tools for handling object files. The programsin this
package are needed to compile most of the packagesin an LFS system and beyond.

* Bison

This package contains the GNU version of yacc (Y et Another Compiler Compiler) needed to build several other
LFS programs.
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Bzip2

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

Check

This package contains atest harness for other programs. It is only installed in the temporary toolchain.

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
package in LFS.

D-Bus

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

DejaGNU
This package contains a framework for testing other programs. It is only installed in the temporary toolchain.
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

This package contains the 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 contains arelatively small XML parsing library. It isrequired 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. It isonly installed in the temporary toolchain.

File
This package contains a utility for determining the type of agiven file or files. A few packages need it to build.
Findutils

This package contains 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 (Iexical analyzer) program. It isrequired to build several LFS packages.

Gawk

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

Gcee
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This package is the Gnu Compiler Collection. It contains the C and C++ compilers as well as severa 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 contains utilities and libraries for internationalization and localization of numerous packages.
Glibc

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

This package contains math libraries that provide useful functions for arbitrary precision arithmetic. It is required
to build Gcc.

Gperf
This package contains a program that generates a perfect hash function from akey set. It isrequired for Eudev.
Grep

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

Groff

This package contains programs for processing and formatting text. One important function of these programsisto
format man pages.

GRUB

This package is the Grand Unified Boot Loader. It is one of several boot |oaders available, but is the most flexible.
Gzip

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

lana-etc

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

Inetutils

This package contains programs for basic network administration.

Intltool

This package contains tools for extracting translatable strings from source files.

| Proute2

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

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

This package contains 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. It isalso
used by Man-DB for viewing manpages.

Libcap
This package implements the user-space 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 utilities in 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.

Libpipeline

The Libpipeline package contains alibrary for manipulating pipelines of subprocesses in 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 librariesin
aconsistent, portable interface. It is needed by the test suitesin other LFS packages.

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

This package contains 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 isrequired by almost every packagein
LFS.

Man-DB

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

Man-pages
This package contains the actual contents of the basic Linux man pages.
Meson
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This package provides a software tool for automating the building of software. The main goal for Meson isto
minimize the amount of time that software developers need to spend configuring their build system.

MPC

This package contains functions for the arithmetic of complex numbers. It is required by Gcc.
MPFR

This package contains functions for multiple precision arithmetic. It is required by Gcc.

Ninja

This package contains a small build system with a focus on speed. It is designed to have itsinput files generated by
ahigher-level build system, and to run builds as fast as possible.

Ncurses

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 packagesin LFS.

Openssl

This package provides management tools and libraries relating to cryptography. These are useful for providing
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.

Perl

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

Pkg-config
This package provides a program to return meta-data about an installed library or 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 contains 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 that emphasi zes code readability.
Readline

This package is a set of libraries that offers 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 most L FS packages
configure scripts.
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* Shadow

This package contains programs for handling passwords in a secure way.

e Systemd
This package provides an init program and several additional boot and system control capabilities as an alternative
to Sysvinit. It isused by many commercial distributions.

e Tar

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

This package contains the Tool Command Language used in many test suitesin LFS packages. It isonly installed
in the temporary toolchain.

e Texinfo

This package contains programs for reading, writing, and converting info pages. It is used 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 contains an editor. It was chosen because of its compatibility with the classic vi editor and its huge

number of powerful capabilities. An editor isavery personal choice for many users and any other editor could be
substituted if desired.

 XML::Parser
This package is a Perl module that interfaces with Expat.
e 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.

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 have the ability 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 have a reasonable knowledge
of using and installing Linux software.

Because the LFS book assumes at least thisbasic level of skill, the various L FS support forums are unlikely to be able
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 recommend reading the following:
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» Software-Building-HOWTO http://www.tldp.or g/HOWTO/Softwar e-Building-HOWTO. html

Thisisacomprehensive 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 needed to build and install
software.

* Beginner's Guide to Installing from Source http://moi.vonos.net/linux/beginner s-installing-from-sour ce/

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

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.

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=/mt/Ifs/usr/info/dir’

Thisform of text (fixed-width text) shows screen output, usually as the result of commandsissued. Thisformat isalso
used to show filenames, suchas/ et ¢/ | d. so. conf .

Emphasis
Thisform of text is used for several purposesin the book. Its main purpose is to emphasize important points or items.
http://mww.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 << "EOF"
r oot : x: O:
bi n: x: 1:

Thisformat is used when creating configuration files. Thefirst command tellsthe systemto create thefile SLFS/ et ¢/
gr oup from whatever istyped 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.
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[ 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 belocated at / usr / shar e/ man/ manl/ passwd. 1 and/ usr/ shar e/ man/ man5/ passwd. 5. When the
book usespasswd( 5) itisspecificaly referringto/ 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/ manl/ passwd. 1. For this
example, you will need to run man 5 passwd in order to read the specific page being referred to. It should be noted
that most man pages do not have duplicate page names in different sections. Therefore, man <pr ogr am nane> is
generally sufficient.

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 System

Part 111 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
all of the programs, libraries, and important files that have been installed.

Errata

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 instructions
in this release of LFS need any modifications to accommodate security vulnerabilities or other bug fixes, please visit
http: //wawww.linuxfromscratch.or g/lfs/errata/systemd/ before proceeding with your build. Y ou should note any changes
shown and apply them to the relevant section of the book as you progress with building the LFS system.
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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 be able to access these tools.

As an dternative to installing a separate distribution onto your machine, you may wish to use a LiveCD from a
commercial distribution.

Chapter 2 of thisbook describes how to create anew Linux native partition and file system. Thisisthe place where the
new LFS system will be compiled and installed. Chapter 3 explains which packages and patches need to 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 as it explains several important issues you need be aware of
before beginning to work your way through Chapter 5 and beyond.

Chapter 5 explains the installation of a number of packages that will form the basic development suite (or toolchain)
which is used to build the actual system in Chapter 6. Some of these packages are needed to resolve circular
dependencies—for example, to compile acompiler, you need a compiler.

Chapter 5 also shows you how to build afirst pass of the toolchain, including Binutils and GCC (first pass basically
means these two core packageswill bereinstalled). The next step isto build Glibc, the C library. Glibc will be compiled
by the toolchain programs built in the first pass. Then, a second pass of the toolchain will be built. This time, the
toolchain will be dynamically linked against the newly built Glibc. The remaining Chapter 5 packages are built using
this second passtool chain. When thisisdone, the LFSinstallation processwill no longer depend on the host distribution,
with the exception of the running kernel.

This effort to isolate the new system from the host distribution may seem excessive. A full technical explanation asto
why thisis doneis provided in Section 5.2, “ Toolchain Technical Notes’.

In Chapter 6, the full LFS system is built. The chroot (change root) program is used to enter avirtual environment and
start a new shell whose root directory will be set to the LFS partition. Thisis very similar to rebooting and instructing
the kernel to mount the LFS partition as the root partition. The system does not actually reboot, but instead uses chr oot
because creating a bootable system requires additional work which is not necessary just yet. The mgor advantage is
that “chrooting” allows you to continue using the host system while LFS is being built. While waiting for package
compilations to complete, you can continue using your computer as normal.

To finish the installation, the basic system configuration is set up in Chapter 7, and the kernel and boot loader are set
up in Chapter 8. Chapter 9 contains information on continuing the LFS experience beyond this book. After the stepsin
this book have been implemented, the computer will be ready to reboot into the new LFS system.

Thisisthe process in anutshell. Detailed information on each step is discussed in the following chapters and package
descriptions. Items that may seem complicated will be clarified, and everything will fall into place as you embark on
the LFS adventure.

1.2. What's new since the last release

Below isalist of package updates made since the previous release of the book.
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Upgraded to:

Bc213
Bison-3.4.1
Bzip2-1.0.8
Coreutils-8.31
D-Bus-1.12.16
E2fsprogs-1.45.3
Expat-2.2.7
File-5.37
Gawk-5.0.1
GCC-9.2.0
Gettext-0.20.1
Glibc-2.30
GRUB-2.04
|PRoute2-5.2.0
Kbd-2.2.0
Less-551

L FS-Bootscripts-20190524

Libcap-2.27

Libelf-0.177 (from elfutils)

Linux-5.2.8
Man-DB-2.8.6.1
Man-pages-5.02
Meson-0.51.1
Openssl-1.1.1c
Perl-5.30.0
Python-3.7.4
Shadow-4.7
Systemd-241
Tar-1.32
Texinfo-6.6
Tzdata-2019b
Util-Linux-2.34
Vim-8.1.1846
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Added:

Removed:

1.3. Changelog

Thisisversion 9.0-systemd of the Linux From Scratch book, dated September 1st, 2019. 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 mirrorsvia
http: /mww.linuxfromscratch.org/mirrors.html.

Below isalist of changes made since the previous release of the book.
Changelog Entries:
¢ 2019-09-01
¢ [bdubbs] - LFS-9.0 released.
e 2019-08-14
* [bdubbs] - Update to vim-8.1.1846. Fixes #4500.
[bdubbs] - Update to elfutils-0.177. Fixes #4516.
[bdubbs] - Update to gcc-9.2.0. Fixes #4514.
[bdubbs] - Update to bc-2.1.3. Fixes #4513.
[bdubbs] - Update to man-db-2.8.6.1. Fixes #4512.
* [bdubbs] - Update to linux-5.2.8. Fixes #4511.
e 2019-08-04
 [bdubbs] - Fix a problem introduced by linux-5.2 by adding an include file to aglibc header.
» 2019-08-03

* [renodr] - Add a patch to systemd to fix issues with networkd on kernel versions 5.2+, and to fix issues with
AMD Ryzen CPUs. Fixes #4506.

 [bdubbs] - Update to linux-5.2.5. Fixes #4505.

* [bdubbs] - Update to kbd-2.2.0. Fixes #4507.

* [bdubbs] - Update to glibc-2.30. Fixes #4508.

 [bdubbs] - Update to man-pages-5.02. Fixes #45009.
e 2019-07-21

* [bdubbs] - Update to linux-5.2.2. Fixes #4504.

* [bdubbs] - Update to bc-2.1.1. Fixes #4503.

* [bdubbs] - Update to kbd-2.1.0. Fixes #4502.

 [bdubbs] - Update to e2fsprogs-1.45.3. Fixes #4501.
e 2019-07-14

* [bdubbs] - Fix testing of binutils-2.32 gold linker. Fixes #4498.
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 [bdubbs] - Update to tzdata-2019b. Fixes #4492.
* [bdubbs] - Update to python3-3.7.4. Fixes #4496.
* [bdubbs] - Update to meson-0.51.1. Fixes #4497.
 [bdubbs] - Update to iproute2-5.2.0. Fixes #4495.
* [bdubbs] - Update to grub-2.04. Fixes #4494.
* [bdubbs] - Update to linux-5.2.1. Fixes #4493.
* [bdubbs] - Update to bc-2.1.0. Fixes #4436.
 [bdubbs] - Update to bzip2-1.0.8. Fixes #4499.

e 2019-07-12

» [renodr] - Fix an FTBFSfor systemd and do minor text and instructions improvements. Also, fix symlinks that
were not removed.

» 2019-06-29

* [bdubbs] - Properly initialize a data structure in OpenSSL to avoid valgrind uninitialized value errors. Fixes
#4491.

[bdubbs] - Update to meson-0.51.0. Fixes #4483.

[bdubbs] - Update to gawk-5.0.1. Fixes #4486.

[bdubbs] - Update to expat-2.2.7. Fixes #4488.

[bdubbs] - Update to linux-5.1.15. Fixes #4487.
* [bdubbs] - Update to bzip2-1.0.7. Fixes #4490.

¢ 2019-06-24

* [renodr] - Fixed issue with installing Check's documentation in a versioned directory. Thanks goes to Ryan
Marsaw for the report. This was fixed by removing the unrecognized/unused --docdir and replacing it with a
"docdir=""in the make install command.

» 2019-06-18
* [renodr] - Update to linux-5.1.11. Fixes the SOCK PANIC issue. Fixes #4485.
» 2019-06-16
* [bdubbs] - Update to vim-8.1.1535. Fixes #4482.
[bdubbs] - Update to shadow-4.7. Fixes #4481.
[bdubbs] - Update to linux-5.1.10. Fixes #4478.
[bdubbs] - Update to less-551. Fixes#4477.
[bdubbs] - Update to util-linux-2.34. Fixes #4462.
* [bdubbs] - Remove eudev instructions referring to /tools. Fixes #4480.
» 2019-06-12
* [renodr] - Update to dbus-1.12.16. Fixes #4470.
» 2019-06-08

 [renodr] - makeit so that the instructions for removing symlinks before building Util-Linux in Chapter 6 are
only visible in systemd.
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2019-06-03

* [bdubbs] - Update to perl-5.30.0. Fixes #4474.

* [bdubbs] - Update to linux-5.1.6. Fixes #4473.

* [bdubbs] - Update to openssl-1.1.1c. Fixes #4476.
* [bdubbs] - Update to bison-3.4.1. Fixes #4471.

* [bdubbs] - Update to e2fsprogs-1.45.2. Fixes #4475.

2019-05-19

* [bdubbs] - Update to man-pages-5.01. Fixes #4467.
[bdubbs] - Update to linux-5.1.3. Fixes #4464.
[bdubbs] - Update to iproute2-5.1.0. Fixes #4467.
[bdubbs] - Update to gettext-0.20.1. Fixes #4465.
[bdubbs] - Update to file-5.37. Fixes #4469.

* [bdubbs] - Update to e2fsprogs-1.45.1. Fixes #4468.

2019-05-11

Linux From Scratch - Version 9.0-systemd

* [pierre] - Fix ahardcoded path to /usr/bin/find in the systemd unit of man-db.

2019-05-03

* [bdubbs] - Update to gcc-9.1.0. Fixes #4463.
 [bdubbs] - Update to linux-5.0.11. Fixes #4461.
2019-04-23

 [bdubbs] - Apply achange to allow Perl to build correctly when building with the latest versions of gcc.

2019-04-20

 [bdubbs] - Update to perl-5.28.2. Fixes #4460.

* [bdubbs] - Update to meson-0.50.1. Fixes #4459.
 [bdubbs] - Update to linux-5.0.9. Fixes #4458.
 [bdubbs] - Update to libcap-2.27. Fixes #4457.

* [renodr] - Fix the syntax used for configuring automatic file creation and deletion.

2019-04-15

 [bdubbs] - Update bzip2 url. Fixes #4450.

* [bdubbs] - Update to util-linux-2.33.2. Fixes #4454.
* [bdubbs] - Update to linux-5.0.7. Fixes #4449.

* [bdubbs] - Update to gawk-5.0.0. Fixes #4455.
2019-03-27

 [bdubbs] - Revert to meson-0.49.2.

2019-03-26

* [bdubbs] - Update to tzdata?019a. Fixes #4448.

* [bdubbs] - Update to Python-3.7.3. Fixes #4447.
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http://wiki.linuxfromscratch.org/lfs/ticket/4455
http://wiki.linuxfromscratch.org/lfs/ticket/4448
http://wiki.linuxfromscratch.org/lfs/ticket/4447
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» 2019-03-25
* [bdubbs] - Update to iproute2-5.0.0. Fixes #4446.
 [bdubbs] - Update to linux-5.0.4. Fixes #4444.
» [xryl1l] - Use -ffile-prefix-map instead of -isystem and symlinksin the Glibc build to simplify the instruction.
» 2019-03-13
» [xryl111] - Update contents and short descriptions of packages. Fixes #4443.
» 2019-03-12
* [bdubbs] - Update to meson-0.50.0. Fixes #4442.
* [bdubbs] - Update to coreutils-8.31. Fixes #4441.
* [bdubbs] - Update to linux-5.0.1. Fixes #4440.
* [bdubbs] - Update to man-pages-5.00. Fixes #4439.
* [bdubbs] - Update to e2fsprogs-1.45.0. Fixes #4438.
» 2019-03-08
* [renodr] - Update to systemd-241. Fixes #4424.
» 2019-03-05
* [bdubbs] - Update to linux-5.0. Fixes #4437.
» 2019-03-01
 [bdubbs] - Update to texinfo-6.6. Fixes #4427.
 [bdubbs] - Update to tar-1.32. Fixes #4431.
* [bdubbs] - Update to openssl-1.1.1b. Fixes #4435.
* [bdubbs] - Update to gcc-8.3.0. Fixes #4430.
 [bdubbs] - Update to linux-4.20.13. Fixes #4434.
» 2019-03-01
* [bdubbs] - LFS-8.4 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 a typo in the
book, please start by consulting the Frequently Asked Questions (FAQ) that islocated at http://mww.linuxfromscratch.
org/fag/.

1.4.2. Mailing Lists

Thel i nuxf romscr at ch. or g 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 the FAQ does not solve the problem you
are having, the next step would be to search the mailing lists at http://www.linuxfromscratch.org/search.html.

For information on the different lists, how to subscribe, archive locations, and additional information, visit http://mww.
linuxfromscratch.org/mail.html.
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1.4.3. IRC

Several members of the LFS community offer assistance on Internet Relay Chat (IRC). Before using this support, please
make sure that your question is not already answered in the LFS FAQ or the mailing list archives. You can find the
IRC network ati r c. f reenode. net . The support channel is named #L FS-support.

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 http://www.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

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

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

We also 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 severa support questions every day and many
of them can be easily answered by going to the FAQ and by searching the mailing lists first. So, for us to offer the
best assistance possible, you need to do some research on your own first. That allows us to focus on the more unusual
support needs. If your searches do not produce a solution, please include all relevant information (mentioned bel ow)
in your request for help.

1.5.1. Things to Mention
Apart from a brief explanation of the problem being experienced, the essential things to include in any request for
help are:
» Theversion of the book being used (in this case 9.0-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 symptom being received
» Note whether you have deviated from the book at all

% Note
s

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


http://www.linuxfromscratch.org/mirrors.html
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1.5.2. Configure Script Problems

If something goeswrong while running the configur e script, review theconf i g. | og file. Thisfilemay contain errors
encountered during configur ewhich 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 enough of the relevant information. Below is an example of the type of information to include
from the screen output from make:

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

-DLOCALEDI R=\ "/ mt /| fs/usr/share/local e\"
-DLIBDIR=\"/mt/Ifs/usr/lib\"

-DI NCLUDEDI R=\ "/ mt /| fs/usr/include\" -DHAVE CONFIG H -I. -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
m sc.o read.o renake.o rule.o signanme.o variable.o vpath.o
default.o renote-stub.o version.o optl.o

-lutil job.o: In function | oad _too_high'

/1 fs/tnp/ make-3.79. 1/ ob. c: 1565: undefined reference

to " getl oadavg'

collect2: Id returned 1 exit status

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

make[ 2] : Leaving directory " /I|fs/tnp/ make-3.79.1

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

make[ 1] : Leaving directory "/I|fs/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

Thisis not enough information to properly 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 the associated error message(s).

Anexcellent article about asking for help onthe Internet isavailable online at http://catb.org/~esr /fags/smart-questions.
html. Read and follow the hints in this document to 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

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, often in the form of “<package-name>-devel” or “<package-name>-dev”. Be sure to install those if 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-2.25 (Versions greater than 2.32 are not recommended as they have not been tested)

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

* Bzip2-1.04

» Coreutils-6.9

 Diffutils-2.8.1

* Findutils-4.2.31

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

* GCC-6.2including the C++ compiler, g++ (Versions greater than 9.2.0 are not recommended as they have not
been tested)

* Glibc-2.11 (Versions greater than 2.30 are not recommended as they have not been tested)

* Grep-2.5.1a

* Gzip-1.3.12

* Linux Kernel-3.2

The reason for the kernel version requirement is that we specify that version when building glibc in Chapter 6 at
the recommendation of the developers. It isalso required by udev.

If the host kernel is earlier than 3.2 you will need to replace the kernel with amore up to date version. There

are two ways you can go about this. First, seeif your Linux vendor provides a 3.2 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 8.

e M4-1.4.10
« Make-4.0
e Patch-25.4
e Perl-5.8.8
* Python-3.4
e Sed-4.1.5
e Tar-1.22
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* Texinfo-4.7
e Xz-5.00

1 I mportant

Note that the symlinks mentioned above are required to build an L FS 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 development team, and may require either deviation from the instructions or
additional patches to some packages.

To seewhether your host system hasall the appropriate versions, and the ability to compile programs, run the following:

cat > version-check.sh << "EOF"

#!/ bi n/ bash

# Sinple script to list version nunbers of critical devel opnent tools
export LC ALL=C

bash --version | head -nl1 | cut -d" " -f2-4

MYSH=$(r eadl i nk -f /bin/sh)

echo "/bin/sh -> $MYSH'

echo $MYSH | grep -q bash || echo "ERROR /bin/sh does not point to bash"
unset MYSH

echo -n "Binutils: "; Id --version | head -n1 | cut -d" " -f3-

bi son --version | head -nl

if [ -h /usr/bin/yacc ]; then
echo "/usr/bin/yacc -> "readlink -f /usr/bin/yacc ";
elif [ -x /usr/bin/yacc ]; then
echo yacc is /usr/bin/yacc --version | head -nl"
el se
echo "yacc not found"
fi

bzi p2 --version 2>&1 < /dev/null | head -nl | cut -d" " -f1, 6-
echo -n "Coreutils: "; chown --version | head -nl1 | cut -d")" -f2
diff --version | head -nl

find --version | head -nl

gawk --version | head -nl

if [ -h /usr/bin/fawk ]; then
echo "/usr/bin/fawk -> “readlink -f /usr/bin/aw ";
elif [ -x /usr/bin/fawk ]; then
echo awk is "/usr/bin/awk --version | head -nl"
el se
echo "awk not found"
fi
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gcc --version | head -nl

g++ --version | head -nl

ldd --version | head -n1 | cut -d" " -f2- # glibc version
grep --version | head -nl

gzip --version | head -nl

cat /proc/version

md --version | head -nl

make --version | head -nl

patch --version | head -nl

echo Perl “perl -V:version

pyt hon3 --version

sed --version | head -nl

tar --version | head -nl

makei nfo --version | head -nl # texinfo version
Xz --version | head -nl
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echo '"int main(){}' > dumy.c && g++ -o dummy dumy.c

if [ -x dumy ]
t hen echo "g++ conpilation CK"
el se echo "g++ conpilation failed"; fi

rm-f dummy.c dunmmy
EOF

bash versi on-check. sh

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. That does not mean that the system hasto be done in one sitting. The issue is that certain procedures have
to be re-accomplished after areboot if resuming LFS at different points.

2.3.1. Chapters 1-4

These chapters are accomplished on the host system. When restarting, be careful of the following:

» Procedures done as the root user after Section 2.4 need to have the LFS environment variable set FOR THE ROOT
USER.

2.3.2. Chapter 5

* The/mnt/lfs partition must be mounted.
* ALL instructionsin Chapter 5 must be done by user Ifs. A su - Ifs needs to be done before any task in Chapter 5.

» The proceduresin Section 5.3, “General Compilation Instructions” are critical. If there is any doubt about
installing a package, ensure any previously expanded tarballs are removed, re-extract the package files, and
complete all instructions in that section.

2.3.3. Chapters 6-8

* The/mnt/Ifs partition must be mounted.
» When entering chroot, the LFS environment variable must be set for root. The LFS variable is not used otherwise.

» Thevirtual file systems must be mounted. This can be done before or after entering chroot by changing to a
host virtual terminal and, as root, running the commands in Section 6.2.2, “Mounting and Populating /dev” and
Section 6.2.3, “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 6 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 20 GB partition is areasonable size to provide for growth.
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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
ideato use asmall disk partition as swap space. Thisis used by the kernel to store seldom-used data and |eave 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.

Start adisk partitioning program such as cfdisk or fdisk with acommand line option naming the hard disk on which the
new partition will be created—for example/ dev/ sda for the primary disk drive. Create aLinux native partition and a
swap partition, if needed. Pleaserefertocf di sk(8) orf di sk( 8) if youdo 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., sda5). 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 c/ 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 ten 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 aswap 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.

Swapping is never good. Generally you can tell if asystem is swapping by just listening to disk activity and observing
how the system reacts to commands. The first 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
EF02 if using gdisk.
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% Note
’ 4

The Grub Bios partition must be on the drive that the BIOS uses to boot the system. This is not necessarily
the same drive where the LFS root partition is located. Disks on a system may use different partition table
types. The requirement for this partition depends only on the partition table type of the boot disk.

2.4.1.4. Convenience Partitions

There are severa 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 100 megabytesis quite adequate.

» /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.

* Jusr — A separate /usr partition is generally used if providing aserver for athin client or diskless workstation. It is
normally not needed for LFS. A size of five gigabytes will handle most installations.

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

» /tmp — A separate /tmp directory israre, but useful if configuring athin client. This partition, if used, will usually
not need to exceed a couple of gigabytes.

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

Any separate partition that you want automatically mounted upon boot needs to be specified in the / et ¢/ f st ab.
Details about how to specify partitions will be discussed in Section 8.2, “Creating the /etc/fstab File”.

2.5. Creating a File System on the Partition

Now that a blank partition has been set up, the file system can be created. LFS can use any file system recognized by
the Linux kernel, but the most common types are ext3 and ext4. The choice of file system can be complex and depends
on the characteristics of the files and the size of the partition. For example:

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 statusin the case of an unclean shutdown.
It is commonly used as a general purpose file system.

ext4

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

Other file systems, including FAT32, NTFS, ReiserFS, JFS, and XFS are useful for specialized purposes. More
information about these file systems can be found at http://en.wikipedia.org/wiki/Comparison_of file systems.
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LFS assumes that the root file system (/) is of type ext4. To create an ext 4 file system on the LFS partition, run the
following:

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

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

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 /| f s as an example, but the directory choice is up to you. If you are
building LFS on a separate partition, this directory will be the mount point for the partition. Choose adirectory location
and set the variable with the following command:

export LFS=/mt/Ifs

Having thisvariable set isbeneficial inthat commands such asmkdir -v $L FS/toolscan betyped literally. The shell will
automatically replace“$LFS’ with “/mnt/Ifs’ (or whatever the variable was set to) when it processes the command line.

e Caution

Do not forget to check that LFS is set whenever you |leave and reenter the current working environment (such
aswhen doing asu tor oot 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, whichis/ mt / | f s if the provided
example was followed. If the output is incorrect, use the command given earlier on this page to set $LFS
to the correct directory name.

% Note
V 4

One way to ensure that the LFS variable is always set is to edit the . bash_pr ofi | e file in both your
persona homedirectory andin/ r oot /. bash_pr of i | e and enter theexport command above. In addition,
the shell specified in the/ et ¢/ passwd file for all users that need the LFS variable needs to be bash to
ensure that the/ r oot / . bash_profi | 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, theuser's. bash_pr of i | e isnot normally used when avirtual terminal is started. Inthis
case, add the export command to the . bashr c filefor the user and root. In addition, some distributions have
instructions to not run the . bashr ¢ instructions in a non-interactive bash invocation. Be sure to add the
export command before the test for non-interactive use.
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2.7. Mounting the New Partition

Now that afile system has been created, the partition needs to be made accessible. In order to do this, the partition needs
to be mounted at a chosen mount point. For the purposes of this book, it is assumed that the file system is mounted
under the directory specified by the LFS environment variable as described in the previous section.

Create the mount point and mount the LFS file system by running:

nkdir -pv $LFS
mount -v -t ext4 /dev/<xxx> $LFS

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

If using multiple partitions for LFS (e.g., onefor / and another for / usr ), mount them using:

nkdir -pv $LFS

mount -v -t ext4 /dev/<xxx> $LFS
nkdir -v $LFS/ usr

mount -v -t ext4 /dev/<yyy> $LFS/ usr

Replace <xxx> and <yyy > with the appropriate partition names.

Ensure that this new partition is not mounted with permissions that are too restrictive (such asthe 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 will need to be remounted.

. Warning

The above instructions assume that you will not be restarting your computer throughout the LFS 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 your host system'’s /etc/fstab file to automatically remount it upon boot. For example:

[dev/ <xxx> /mt/lfs ext4d def aul ts 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:

[ sbi n/ swapon -v /dev/<zzz>

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

Now that there is an established place to work, it istime to download the packages.
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Chapter 3. Packages and Patches

3.1. Introduction

This chapter includes a list 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 newer versions because the build commands for one version may not work with a
newer version. The newest package versions may also have problems that require work-arounds. These work-arounds
will be developed and stabilized in the development version of the book.

Download locations may not always be accessible. If a download location has changed since this book was
published, Google (http://www.google.conV) provides a useful search engine for most packages. If this search is
unsuccessful, try one of the alternative means of downloading discussed at http://mww.linuxfromscratch.org/Ifs/
packages.html#packages.

Downloaded packages and patcheswill need to be stored somewherethat is conveniently available throughout the entire
build. A working directory is aso required to unpack the sources and build them. $LFS/ sour ces can be used both
asthe 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:
nmkdir -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:

chnod -v a+wt $LFS/ sources
An easy way to download all of the packages and patches is by using wget-list as an input to wget. For example:
wget --input-file=wget-list --continue --directory-prefix=$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 - ¢ nmd5suns

popd

3.2. All Packages

Download or otherwise obtain the following packages:

* Acl (2.2.53) - 513 KB:

Download: http://download.savannah.gnu.org/releases/acl/acl-2.2.53.tar.gz
MD5 sum: 007aabf 1dbb550bcddde52a244cd1070

o Attr (2.4.48) - 457 KB:

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

Download: http://download.savannah.gnu.or g/releases/attr/attr-2.4.48.tar.gz
MD5 sum: bc1e5cb5¢c96d99b24886f 1f 527d3bb3d
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» Autoconf (2.69) - 1,186 KB:

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

Download: http://ftp.gnu.org/gnu/autoconf/autoconf-2.69.tar .xz
MD5 sum: 50f 97f 4159805e374639a73e2636f 22e

» Automake (1.16.1) - 1,499 KB:

Home page: http://mww.gnu.or g/softwar e/automake/

Download: http://ftp.gnu.org/gnu/automake/automake-1.16.1.tar.xz
MD5 sum: 53f 38e7591f a57c3d2cee682be668e5b

* Bash (5.0) - 9,898 KB:

Home page: http://mww.gnu.or g/softwar e/bash/
Download: http://ftp.gnu.org/gnu/bash/bash-5.0.tar.gz
MD5 sum: 2b44b47b905bel6f 45709648f 671820b

*Bc(2.1.3) - 233KB:

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

Download: https://github.convgavinhoward/bc/archive/2.1.3/bc-2.1.3.tar.gz
MD5 sum: 2a882dc39c0f b8e36¢12f 590d54cc039

* Binutils (2.32) - 20,288 KB:

Home page: http://www.gnu.or g/softwar e/binutils/
Download: http://ftp.gnu.org/gnu/binutilg/binutils-2.32.tar .xz
MD5 sum: 0d174cdaf 85721c5723bf 52355be41e6

* Bison (3.4.1) - 2,147 KB:

Home page: http://mww.gnu.or g/softwar e/bi son/
Download: http://ftp.gnu.org/gnu/bison/bison-3.4.1.tar.xz
MD5 sum: 201286a573b12dal109df 96282f e4f f 4a

* Bzip2(1.0.8) - 792 KB:
Download: https://www.sour cewar e.or g/pub/bzip2/bzip2-1.0.8.tar.gz
MD5 sum: 67e051268d0c475ea773822f 7500d0e5

« Check (0.12.0) - 747 K B:

Home page: https://libcheck.github.io/check

Download: https://github.conVlibcheck/check/r el eases/download/0.12.0/check-0.12.0.tar.gz
MD5 sum: 31b17¢6075820a434119592941186f 70

* Coreutils (8.31) - 5,284 KB:

Home page: http://mww.gnu.or g/software/coreutils/

Download: http://ftp.gnu.org/gnu/coreutils/coreutils-8.31.tar.xz
MD5 sum: 0009a224d8e288e8ec406ef 0161f 9293

* D-Bus(1.12.16) - 2,048 KB:

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

Download: https://dbus.freedesktop.org/rel eases/dbus/dbus-1.12.16.tar.gz
MD5 sum: 2dbeae80df c9e3632320c6a53d5e8890

« DgjaGNU (1.6.2) - 514 K B:

Home page: http://mww.gnu.or g/softwar e/dejagnu/

Download: http://ftp.gnu.org/gnu/dejagnu/dejagnu-1.6.2.tar.gz
MD5 sum: e1b07516533f 351b3aba3423f af ef f d6
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* Diffutils (3.7) - 1,415KB:

Home page: http://www.gnu.or g/softwar e/diffutils/
Download: http://ftp.gnu.org/gnu/diffutil/diffutils-3.7.tar .xz
MD5 sum: 4824adc0e95dbbf 11df bdf aad6ale461

» E2fsprogs (1.45.3) - 7,741 KB:

Home page: http://e2fsprogs.sour cefor ge.net/

Download: https://downl oads.sour cefor ge.net/pr oj ect/e2fsprogs/e2fsprogs/v1.45.3/e2fsprogs-1.45.3.tar.gz
MD5 sum: 447a225c05f 0a81121f 6ddf f bf 55b06c

* Elfutils (0.177) - 8,645 KB:

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

Download: https://sourceware.or g/ftp/elfutils/0.177/elfutils-0.177.tar.bz2
MD5 sum: 0b583722f 911e1632544718d502aab87

* Expat (2.2.7) - 415 KB:

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

Download: https://prdownloads.sour cefor ge.net/expat/expat-2.2.7.tar .xz
MD5 sum: 3659bc0938db78815b5f 5a9c24d732aa

* 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
MD5 sum: 00f ce8de158422f 5ccd2666512329bd2

* File (5.37) - 867 KB:

Home page: https://www.darwinsys.com/file/

Download: ftp://ftp.astron.comVpub/file/file-5.37.tar.gz
MD5 sum: 80c29aca745466c6c24d11f 059329075

% Note
' File (5.37) may no longer be available at the listed location. The site administrators of the master download
location occasionally remove older versions when new ones are released. An alternative download location
that may have the correct version available can also be found at: http://www.linuxfromscratch.org/Ifs/
download.htmi#ftp.

* Findutils (4.6.0) - 3,692 KB:

Home page: http://mww.gnu.or g/softwar e/findutils/

Download: http://ftp.gnu.org/gnu/findutil s/findutils-4.6.0.tar.gz
MD5 sum: 9936aa8009438cel185bea2694a997f c1

* 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

» Gawk (5.0.1) - 3,063 KB:

Home page: http://www.gnu.or g/softwar e/gawk/
Download: http://ftp.gnu.org/gnu/gawk/gawk-5.0.1.tar .xz
MD5 sum: f 9db3f 6715207c6f 13719713abc9c707
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* GCC (9.2.0) - 68,953 KB:

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

Download: http://ftp.gnu.org/gnu/gec/gee-9.2.0/gec-9.2.0.tar . xz
MD5 sum: 3818ad8600447f 05349098232c2ddc78

* GDBM (1.18.1) - 920 K B:

Home page: http://mww.gnu.or g/softwar e/gdbnm/
Download: http://ftp.gnu.org/gnu/gdbnvVgdbm-1.18.1.tar.gz
MD5 sum: 988dc82182121¢c7570e0chb8b4f cd5415

* Gettext (0.20.1) - 9,128 KB:

Home page: http://www.gnu.or g/softwar e/gettext/

Download: http://ftp.gnu.org/gnu/gettext/gettext-0.20.1.tar.xz
MD5 sum: 9ed9e26ab613b668e0026222a9¢c23639

* Glibc (2.30) - 16,189 K B:

Home page: http://mwww.gnu.org/softwar e/libc/

Download: http://ftp.gnu.org/gnu/glibc/glibe-2.30.tar.xz
MD5 sum: 2b1dbdf 27b28620752956¢c061d62f 60c

*GMP (6.1.2) - 1,901 KB:

Home page: http://www.gnu.or g/software/gmp/

Download: http://ftp.gnu.org/gnu/gmp/gmp-6.1.2.tar.xz
MD5 sum: f 58f a8001d60c4c77595f bbb62b63c1d

* Gperf (3.1) - 1,188 KB:

Home page: http://mww.gnu.or g/softwar e/gperf/
Download: http://ftp.gnu.org/gnu/gperf/gperf-3.1.tar.gz
MD5 sum: 9e251¢c0a618ad0824b51117d5d9db87e

*Grep (3.3) - 1,440 KB:

Home page: http://www.gnu.or g/softwar e/grep/
Download: http://ftp.gnu.org/gnu/grep/grep-3.3.tar.xz
MD5 sum: 05d0718alb7cc706a4bdf 8115363f 1ed

» Groff (1.22.4) - 4,044 KB:

Home page: http://mww.gnu.or g/softwar e/gr off/
Download: http://ftp.gnu.org/gnu/groff/groff-1.22.4.tar.gz
MD5 sum: 08f b04335e2f 5e73f 23ead4c3adbf Oc5f

* GRUB (2.04) - 6,245 KB:

Home page: http://www.gnu.or g/softwar e/grub/
Download: https://ftp.gnu.org/gnu/grub/grub-2.04.tar.xz
MD5 sum: 5aaca6713b47ca2456d8324a58755ac7

» Gzip (1.10) - 757 KB:

Home page: http://mww.gnu.or g/software/gz p/

Download: http://ftp.gnu.org/gnu/gzip/gzip-1.10.tar.xz
MD5 sum: 691b1221694c3394f 1¢537df 4eee39d3
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* lana-Etc (2.30) - 201 KB:

Home page: http://freecode.conVprojects/iana-etc

Download: http://anduin.linuxfromscratch.org/LFSiana-etc-2.30.tar.bz2
MD5 sum: 3ba3af b1d1b261383d247f 46cb135ee8

* Inetutils (1.9.4) - 1,333 KB:

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

Download: http://ftp.gnu.org/gnu/inetutils/inetutils-1.9.4.tar . xz
MD5 sum: 87f ef 1f a3f 603aef 11c41dcc097af 75e

* Intltool (0.51.0) - 159 K B:

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

* |PRoute2 (5.2.0) - 713 KB:

Home page: https://mww.ker nel.or g/pub/linux/utils/net/iproute2/

Download: https://www.kernel .or g/pub/linux/utils/net/i proute2/iproute2-5.2.0.tar .xz
MD5 sum: 0cbh2736e7bc2f 56254a363d3d23703b7

* Kbd (2.2.0) - 1,090 KB:

Home page: http://ftp.altlinux.org/pub/peopl e/l egion/kbd

Download: https://www.kernel .org/pub/linux/utils/kbd/kbd-2.2.0.tar .xz
MD5 sum: d1d7aeOb5f b875dc082731e09cd0c8bc

* Kmod (26) - 540 KB:
Download: https://www.kernel .or g/pub/linux/utils/ker nel/kmod/kmod-26.tar .xz
MD5 sum: 1129¢243199bdd7db01b55a61aa19601

* Less(551) - 339 KB:

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

Download: http://mwww.greenwoodsoftware.convless/less-551.tar.gz
MD5 sum: 4ad4408b06d7a6626a055¢cb453f 36819

* Libcap (2.27) - 67 KB:

Home page: https://sites.google.convsite/fullycapable/

Download: https://mww.kernel.org/pub/linux/libs/security/linux-privs/libcap2/libcap-2.27.tar .xz
MD5 sum: 2e8f 9f ab32eb5ccb37969f e317f d17aa

* Libffi (3.2.1) - 920 KB:

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

Download: ftp://sourceware.org/pub/libffi/libffi-3.2.1.tar.gz

MD5 sum: 83b89587607e3eb65¢c70d361f 13bab43

* Libpipdine (1.5.1) - 965 KB:

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

Download: http://download.savannah.gnu.org/releases/libpipeline/libpipeline-1.5.1.tar.gz
MD5 sum: 4c8f e6¢cd85422baaf d6e060f 896¢c61bc

« Libtool (2.4.6) - 951 K B:

Home page: http://www.gnu.or g/softwar e/libtool/
Download: http://ftp.gnu.org/gnu/libtool/libtool-2.4.6.tar.xz
MD5 sum: 1bf b9b923f 2¢1339b4d2cel1807064aab
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* Linux (5.2.8) - 104,555 KB:

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

Download: https://www.kernel .or g/pub/linux/ker nel /v5.x/linux-5.2.8.tar .xz
MD5 sum: 602dd0ecb8646e539f ef b2beb6eb6f e0

% Note
' The Linux kernel is updated relatively often, many times due to discoveries of security vulnerabilities. The
latest available 5.2.x kernel version should 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.

*M4(1.4.18) - 1,180 KB:

Home page: http://mwww.gnu.or g/softwar e/md/

Download: http://ftp.gnu.org/gnu/m4/mé4-1.4.18.tar .xz
MD5 sum: 730bb15d96f f f e47e148d1e09235af 82

* Make (4.2.1) - 1,932 KB:

Home page: http://www.gnu.or g/softwar e/make/
Download: http://ftp.gnu.org/gnu/make/make-4.2.1.tar.gz
MD5 sum: 7d0dcb6c474b258aab4d54098f 2cf 5a7

* Man-DB (2.8.6.1) - 1,787 KB:

Home page: https.//www.nongnu.org/man-db/

Download: http://download.savannah.gnu.or g/releases/man-db/man-db-2.8.6.1.tar.xz
MD5 sum: 22e82f e1127f 4ca95de7100168a927d1

* Man-pages (5.02) - 1,630 KB:

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

Download: https://www.ker nel .or g/pub/linux/docs/man-pages/man-pages-5.02.tar .xz
MD5 sum: 136e5e3380963571a079693d8ae38f 52

« Meson (0.51.1) - 1,418 K B:

Home page: https://mesonbuild.com

Download: https://github.convmesonbuild/meson/r el eases/downl oad/0.51.1/meson-0.51.1.tar.gz
MD5 sum: 48787e391ec5c052799a3dd491f 73909

* MPC (1.1.0) - 685 KB:

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

Download: https://ftp.gnu.org/gnu/mpc/mpc-1.1.0.tar.gz
MD5 sum: 4125404e41e482ec68282a2e687f 6¢73

* MPFR (4.0.2) - 1,409 KB:

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

Download: http://mww.mpfr.org/mpfr-4.0.2/mpfr-4.0.2.tar.xz
MD5 sum: 320f bc4463d4c8cb1e566929d8adc4f 8

* Ninja (1.9.0) - 187 KB:

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

Download: https://github.com/ninja-build/ninja/archive/v1.9.0/ninja-1.9.0.tar.gz
MD5 sum: f 340be768a76724b83e6daab69009902
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* Ncurses (6.1) - 3,288 KB:

Home page: http://www.gnu.or g/softwar e/ncur ses/
Download: http://ftp.gnu.org/gnu/ncur ses/ncurses-6.1.tar.gz
MD5 sum: 98c889aaf 8d23910d2b92d65be2e737a

* OpenSSL (1.1.1c) - 8,657 KB:

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

Download: https://www.openssl.org/sour ce/openssl-1.1.1c.tar.gz
MD5 sum: 15e21da6ef e8aa0e0768f f d8cd37a5f 6

* Patch (2.7.6) - 766 KB:

Home page: https://savannah.gnu.org/projects/patch/
Download: http://ftp.gnu.org/gnu/patch/patch-2.7.6.tar .xz
MD5 sum: 78ad9937e4caadcbal526ef 1853730d5

* Perl (5.30.0) - 12,129 KB:

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

Download: https://mww.cpan.org/src/5.0/perl-5.30.0.tar.xz
MD5 sum: 037¢35000550bdchb47552ad0f 6d3064d

* Pkg-config (0.29.2) - 1,970 KB:

Home page: https://www.freedesktop.or g/wiki/Softwar e/pkg-config

Download: https:.//pkg-config.freedesktop.org/rel eases/pkg-config-0.29.2.tar.gz
MD5 sum: f 6€931e319531b736f adc017f 470e68a

* Procps (3.3.15) - 884 KB:

Home page: https://sour cefor ge.net/projects/procps-ng

Download: https://sourcefor ge.net/pr ojects/procps-ng/files/Production/procps-ng-3.3.15.tar.xz
MD5 sum: 2b0717a7cb474b3d6df deedf bad2eccc

* Psmisc (23.2) - 297 KB:

Home page: http://psmisc.sour ceforge.net/

Download: https://sourcefor ge.net/pr ojects/psmisc/fil es/psmisc/psmisc-23.2.tar .xz
MD5 sum: 0524258861f 00bela02d27d39d8e5e62

* Python (3.7.4) - 16,730 KB:

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

Download: https://www.python.or g/ftp/python/3.7.4/Python-3.7.4.tar .xz
MD5 sum: d33e4aae66097051c2eca45ee3604803

» Python Documentation (3.7.4) - 6,068 KB:
Download: https://docs.python.or g/ftp/python/doc/3.7.4/python-3.7.4-docs-html .tar .bz2
MD5 sum: c410337e954dbba2d04f e169c355a6a2

* Readline (8.0) - 2,907 K B:

Home page: https:.//tiswww.case.edu/php/chet/readline/rItop.html
Download: http://ftp.gnu.org/gnu/readline/readline-8.0.tar.gz
MD5 sum: 7e6¢c1f 16aee3244a69aba6e438295ca3

* Sed (4.7) - 1,268 KB:

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

Download: http://ftp.gnu.org/gnu/sed/sed-4.7 tar .xz

MD5 sum: 777ddf d9d71dd06711f e91f 0925e1573
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 Shadow (4.7) - 1,587 KB:
Download: https://github.convshadow-maint/shadow/r el eases/download/4.7/shadow-4.7 .tar .xz
MD5 sum: f 7ce18c8df dO5f 1a009266cbh604d58b7

» Systemd (241) - 7,464 KB:

Home page: https.//www.freedesktop.or g/wiki/Softwar e/systemd/

Download: https://github.com/systemd/systemd/ar chive/v241/systemd-241.tar.gz
MD5 sum: ¢5953¢c24¢c850b44f cf 714326e567dc37

» Systemd Man Pages(241) - 456 K B:

Home page: https://www.freedesktop.or g/wiki/Softwar e/systemd/

Download: http://anduin.linuxfromscratch.org/LFS/systemd-man-pages-241.tar.xz
MD5 sum: 6942e1a9032e19da6639f 9705241d119

% 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 (1.32) - 2,055 KB:

Home page: http://www.gnu.or g/softwar e/tar/

Download: http://ftp.gnu.org/gnu/tar/tar-1.32.tar.xz

MD5 sum: 83e38700a80a26e30b2df 054e69956e5

*Tcl (8.6.9) - 9,772 KB:

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

Download: https://downl oads.sour ceforge.net/tcl/tcl8.6.9-src.tar.gz
MD5 sum: aa0al21d95a0e7b73a036f 26028538d4

» Texinfo (6.6) - 4,831 KB:

Home page: http://mww.gnu.or g/softwar e/texinfo/
Download: http://ftp.gnu.org/gnu/texinfo/texinfo-6.6.tar.xz
MD5 sum: 5231da3e6aal06cd0532b8609e5b3702

* Time Zone Data (2019b) - 376 KB:

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

Download: https://www.iana.or g/time-zones/r epository/rel eases/tzdata2019b.tar.gz
MD5 sum: b26b5d7d844cb96c73ed2f b6d588daaf

* Util-linux (2.34) - 4,859 K B:

Home page: http://freecode.convprojects/util-linux

Download: https://www.kernel .or g/pub/linux/utils/util-linux/v2.34/util-linux-2.34.tar .xz
MD5 sum: a78cbeaed9c39094b96a48ba8f 891d50

*Vim (8.1.1846) - 14,078 KB:

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

Download: https://github.com/vim/vim/ar chive/v8.1.1846/vim-8.1.1846.tar.gz

MD5 sum: 4f 129a05254d93c739f cede843df 87df

e XML ::Parser (2.44) - 232 KB:

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

Download: https.//cpan.metacpan.org/author/id/T/TO/TODDR/XML-Parser-2.44.tar.gz
MD5 sum: af 4813f €3952362451201ced6f bce379
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» Xz Utils (5.2.4) - 1030 K B:

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

Download: https://tukaani.org/xz/xz-5.2.4.tar .xz

MD5 sum: 003e4d0b1b1899f c6e3000b24f eddf 7c

 Zlib (1.2.11) - 457 KB:

Home page: https:.//mwww.zZlib.net/

Download: https.//Zib.net/zlib-1.2.11.tar.xz

MD5 sum: 85adef 240c5f 370b308da8c938951a68

Total size of these packages. about 399 MB

3.3. Needed Patches

In addition to the packages, severa 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: http://www.linuxfromscratch.org/patches/Ifs/9.0/bzip2-1.0.8-install_docs-1.patch
MD5 sum: 6a5ac7e89b791aae556de0f 745916f 7f

* CoreutilsInternationalization Fixes Patch - 168 KB:
Download: http://mwwww.linuxfromscratch.org/patches/Ifs/9.0/coreutils-8.31-118n-1.patch
MD5 sum: a9404f b575df d5514f 3c8f 4120f 9ca7d

* Glibc FHS Patch - 2.8 KB:
Download: http://www.linuxfromscratch.org/patches/Ifs/9.0/glibc-2.30-fhs-1.patch
MD5 sum: 9a5997¢3452909b1769918c759ef f 8a2

» Kbd Backspace/Delete Fix Patch - 12 KB:
Download: http://mwwww.linuxfromscratch.or g/patches/Ifs/9.0/kbd-2.2.0-backspace-1.patch
MD5 sum: f 75ccal6a38da6caa7d52151f 7136895

» Systemd networkd and rdrand patch - 8 KB:
Download: http://www.linuxfromscratch.org/patches/Ifs/9.0/systemd-241-networkd_and_rdrand_fixes-1.patch
MD5 sum: bb26f 26d7¢3a17d1888ab3171366906b

Total size of these patches: about 192.4 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 http://mww.linuxfromscratch.org/patches/downloads/ 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 a few additional tasks to prepare for building the temporary system. We will create
adirectory in $LFS for the installation of the temporary tools, add an unprivileged user to reduce risk, and create an
appropriate build environment for that user. We will also explain the unit of time we use to measure how long LFS
packages take to build, or “SBUS’, and give some information about package test suites.

4.2. Creating the $LFS/tools Directory

All programs compiled in Chapter 5 will be installed under $LFS/ t ool s to keep them separate from the programs
compiled in Chapter 6. The programs compiled here are temporary tools and will not be apart of the final LFS system.
By keeping these programs in a separate directory, they can easily be discarded later after their use. Thisaso prevents
these programs from ending up in the host production directories (easy to do by accident in Chapter 5).

Create the required directory by running the following asr oot :
nkdir -v $LFS/tools

The next step isto createa/ t ool s symlink on the host system. Thiswill point to the newly-created directory on the
LFS partition. Run thiscommand asr oot aswell:

In -sv $LFS/tool s /

% Note

The above command is correct. The In command has a few syntactic variations, so be sure to check info
coreutilsinand | n( 1) before reporting what you may think is an error.

The created symlink enablesthetoolchain to be compiled sothat it alwaysrefersto/ t ool s, meaning that the compiler,
assembler, and linker will work both in Chapter 5 (when we are still using some tools from the host) and in the next
(when we are “chrooted” to the LFS partition).

4.3. Adding the LFS User

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

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

The meaning of the command line options:

-s / bi n/ bash
This makes bash the default shell foruser | f s.
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-g Ifs

Thisoption addsuser | f s togroup| f s.
-m

This creates ahome directory for | f s.

-k /dev/null

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

[ fs
Thisisthe actual name for the created group and user.

Tologinasl f s (asopposed to switching to user | f s when logged in asr oot , which does not requirethe | f s user
to have a password), givel f s apassword:

passwd | fs

Grant | f s full accessto $LFS/ t ool s by making | f s the directory owner:

chown -v | fs $LFS/tools

If a separate working directory was created as suggested, give user | f s ownership of thisdirectory:

chown -v | fs $LFS/ sources

Next, login as user | f s. This can be done via a virtual console, through a display manager, or with the following
substitute 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
shells can be found in detail inbash( 1) and info bash.

4.4. Setting Up the Environment

Set up agood working environment by creating two new startup files for the bash shell. Whilelogged inasuser | f s,
issue the following command to create anew . bash_profil e:

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

When logged on as user | f s, theinitial shell is usualy alogin shell which readsthe/ et c/ profi | e of the host
(probably containing some settings and environment variables) and then . bash_pr of i | e. The exec env -i.../bin/
bash command in the . bash_pr ofi | e file replaces the 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. The technique used here achieves the goal
of ensuring a clean environment.
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The new instance of the shell is a non-login shell, which does not read the/ et c/ profil e or . bash_profile
files, but rather readsthe . bashr c fileinstead. Create the. bashr ¢ file now:

cat > ~/.bashrc << "ECF"

set +h

umask 022
LFS=/mt/Ifs
LC ALL=PCSI X

LFS TGTr=$(unane -n)-Ifs-1inux-gnu
PATH=/t ool s/ bi n:/bin:/usr/bin
export LFS LC ALL LFS TGI PATH
ECF

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 of 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. By switching off the hash function, the shell will
always search the PATH when a program is to be run. As such, the shell will find the newly compiled toolsin $LFS/

t ool s assoon asthey areavail ablewithout remembering apreviousversion of the same programin adifferent location.

Setting the user file-creation mask (umask) to 022 ensures that newly created files and directories are only writable by
their owner, but are readable and executable by anyone (assuming default modes are used by the open(2) system
call, new fileswill end up with permission mode 644 and directories with mode 755).

The LFS variable should be set to the chosen mount point.

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 chroot environment.

TheLFS_TGT variable setsanon-default, but compatible machine description for use when building our cross compiler
and linker and when cross compiling our temporary toolchain. Moreinformationiscontained in Section 5.2, “Toolchain
Technical Notes’.

By putting / t ool s/ bi n ahead of the standard PATH, all the programs installed in Chapter 5 are picked up by the
shell immediately after their installation. This, combined with turning off hashing, limits the risk that old programs are
used from the host when the same programs are available in the chapter 5 environment.

Finally, to have the environment fully prepared for building the temporary tools, source the just-created user profile:

source ~/.bash_profile

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 isimpossibleto provide accurate time estimates.
The biggest package (Glibc) will take approximately 20 minutes on the fastest systems, but could take up to three 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 from this book is Binutilsin Chapter 5. Thetime
it takes to compile this package is what will be referred to as the Standard Build Unit or SBU. All other compile times
will be expressed relative to thistime.
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For example, consider a package whose compilation time is 4.5 SBUs. This means that if a system took 10 minutes
to compile and install the first pass of Binutils, it will take approximately 45 minutes to build this example package.
Fortunately, most build times are shorter than the one for Binutils.

In general, SBUs are 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.

% Note
V 4

For many modern systems with multiple processors (or cores) the compilation time for a package can be
reduced by performing a "paralel make" by either setting an environment variable or telling the make
program how many processors are available. For instance, a Core2Duo can support two simultaneous
processes with:

export MAKEFLAGS='-j 2'
or just building with:
make -j2

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 processwill
also be more difficult because the lines of different processes will be interleaved. If you run into a problem
with abuild step, revert back to a single processor build to properly analyze the error messages.

4.6. About the Test Suites

Most packages provide atest suite. Running thetest suite for anewly built package isagood 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.

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
s

Experience has shown that there is little to be gained from running the test suites in Chapter 5. There can
be no escaping the fact that the host system always exerts some influence on the tests in that chapter, often
causing inexplicable failures. Because the tools built in Chapter 5 are temporary and eventually discarded,
we do not recommend running the test suitesin Chapter 5 for the average reader. The instructionsfor running
those test suites are provided for the benefit of testers and developers, but they are strictly optional.

A common issue with running the test suites for Binutils and GCC is running out of pseudo terminals (PTYs). This
can result in a high 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 http://
www.linuxfromscratch.or g/lfs/fag.html#no-ptys.
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Sometimes packagetest suiteswill fail, but for reasons which the devel opers are aware of and have deemed non-critical.

Consult the logs located at http: //mmw.linuxfromscratch.org/Ifs/build-1ogs/9.0/ to verify whether or not these failures
are expected. Thissiteisvalid for all tests throughout this book.
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Chapter 5. Constructing a Temporary System

5.1. Introduction

Thischapter showshow to build aminimal Linux system. Thissystemwill contain just enough toolsto start constructing
the final LFS system in Chapter 6 and allow a working environment with more user convenience than a minimum
environment would.

There are two steps in building this minimal system. The first step is to build a new and host-independent toolchain
(compiler, assembler, linker, libraries, and afew useful utilities). The second step uses this toolchain to build the other
essential tools.

The files compiled in this chapter will be installed under the $LFS/ t ool s directory to keep them separate from the
filesinstalled in the next chapter and the host production directories. Since the packages compiled here are temporary,
we do not want them to pollute the soon-to-be LFS system.

5.2. Toolchain Technical Notes

This section explains some of the rationale and technical details behind the overall build method. It is not essential to
immediately understand everything in this section. Most of this information will be clearer after performing an actual
build. This section can be referred to at any time during the process.

The overall goal of Chapter 5 is to produce a temporary area that contains a known-good set of tools that can be
isolated from the host system. By using chroot, the commands in the remaining chapters will be contained 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 same time.

% Note
V 4

Before continuing, be aware of the name of the working platform, often referred to as the target triplet. A
simple way to determine the name of the target triplet is to run the config.guess script that comes with the
source for many packages. Unpack the Binutils sources and run the script: . / conf i g. guess and notethe
output. For example, for a 32-bit Intel processor the output will be i1686-pc-linux-gnu. On a 64-bit system it
will be x86_64-pc-linux-gnu.

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 Id that is part of Binutils). The dynamic linker provided by Glibc finds and
loads the shared libraries needed by a program, prepares the program to run, and then runs it. The name of
the dynamic linker for a 32-bit Intel machine will bel d-1i nux. so. 2 (I d-1 i nux- x86- 64. so. 2 for
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: r eadel f -1 <nane of binary> | grep interpreter and
noting the output. The authoritative reference covering all platformsisintheshl i b- ver si ons fileinthe
root of the Glibc source tree.

Some key technical points of how the Chapter 5 build method works:

+ Slightly adjusting the name of the working platform, by changing the "vendor" field target triplet by way of the
LFS_TGT variable, ensures that the first build of Binutils and GCC produces a compatible cross-linker and cross-
compiler. Instead of producing binaries for another architecture, the cross-linker and cross-compiler will produce
binaries compatible with the current hardware.
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» Thetemporary libraries are cross-compiled. Because a cross-compiler by its nature cannot rely on anything from
its host system, this method removes potential contamination of the target system by lessening the chance of
headers or libraries from the host being incorporated into the new tools. Cross-compilation also allows for the
possibility of building both 32-bit and 64-bit libraries on 64-bit capable hardware.

 Careful manipulation of the GCC source tells the compiler which target dynamic linker will be used.

Binutils is installed first because the configure runs of both GCC and Glibc perform various feature tests on the
assembler and linker to determine which software features to enable or disable. Thisis more important than one might
first realize. 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 usually
highlight this error before too much additional work is performed.

Binutilsinstallsits assembler and linker intwo locations, / t ool s/ bi nand/ t ool s/ $LFS_TGI/ bi n. Thetoolsin
onelocation are hard linked to the other. An important facet of thelinker isitslibrary search order. Detailed information
can be obtained from Id by passing it the - - ver bose flag. For example, anl d --verbose | grep SEARCH
will illustrate the current search paths and their order. It shows which files are linked by Id by compiling a dummy
program and passing the - - ver bose switch to the linker. For example, gcc dummy.c -W, - -verbose 2>&1
| grep succeeded will show all the files successfully opened during the linking.

The next package installed is GCC. An example of what can be seen during its run of configureis:

checki ng what assenbler to use... /tools/i686-1fs-1inux-gnu/bin/as
checking what |inker to use... /tools/i686-|fs-linux-gnu/bin/ld

Thisisimportant for the reasons mentioned above. It also 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: gcc - pri nt - pr og- nane=| d.

Detailed information can be obtained from gcc by passing it the - v.command line option while compiling a dummy
program. For example, gcc -v dunmy. ¢ will show detailed information about the preprocessor, compilation, and
assembly stages, including gec's included search paths and their order.

Next installed are sanitized Linux APl headers. These alow the standard C library (Glibc) to interface with features
that the Linux kernel will provide.

The next package installed is Glibc. The most important considerations for building Glibc are the compiler, binary
tools, and kernel headers. The compiler is generally not an issue since Glibc will always use the compiler relating to
the- - host parameter passed to its configure script; e.g. in our case, the compiler will bei686-Ifs-linux-gnu-gcc. The
binary tools and kernel headers can be abit more complicated. Therefore, take no risks and use the available configure
switches to enforce the correct selections. After the run of configure, check the contents of the conf i g. make file
inthe gl i bc- bui | d directory for al important details. Note the use of CC="1i 686- | f s- gnu- gcc" to control
which binary tools are used and the use of the - nost di nc and - i syst emflags to control the compiler's include
search path. These items highlight an important aspect of the Glibc package—it is very self-sufficient in terms of its
build machinery and generally does not rely on toolchain defaults.

During the second pass of Binutils, we are able to utilize the - - wi t h- I i b- pat h configure switch to control Id's
library search path.

For the second pass of GCC, its sources also need to be modified to tell GCC to use the new dynamic linker. Failureto
do so will result in the GCC programs themsel ves having the name of the dynamic linker from the host system's/ | i b
directory embedded into them, which would defeat the goal of getting away from the host. From this point onwards,
the core toolchain is self-contained and self-hosted. The remainder of the Chapter 5 packages all build against the new
Glibcin/ t ool s.
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Upon entering the chroot environment in Chapter 6, the first major package to be installed is Glibc, due to its self-
sufficient nature mentioned above. Once this Glibc isinstalled into / usr , we will perform a quick changeover of the
toolchain defaults, and then proceed in building the rest of the target LFS system.

5.3. General Compilation Instructions

When building packages there are several assumptions made within the instructions:

Several of the packages are patched before compilation, but only when the patch is needed to circumvent a
problem. A patch is often needed in both this and the next chapter, but sometimesin only one or the other.
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, as the
patch was still successfully applied.

During the compilation of most packages, there will be several warnings that scroll by on the screen. These are
normal and can safely be ignored. These warnings are as they appear—warnings about deprecated, but not invalid,
use of the C or C++ syntax. C standards change fairly often, and some packages still use the older standard. Thisis
not a problem, but does prompt the warning.

Check one last 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, whichis/ mt / | f s, using our example.
Finally, two important items must be emphasized:

' I mportant

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

* bash isthe shell in use.

» shisasymboalic link to bash.

 Jusr/bin/awk isasymbolic link to gawk.

 Jusr/bin/yaccisasymbolic link to bison or asmall script that executes bison.

' I mportant

To re-emphasize the build process:
1. Place all the sources and patches in a directory that will be accessible from the chroot environment
suchas/ mt /| f s/ sour ces/.Donot put sourcesin/ mt /| fs/tool s/.
2. Change to the sources directory.
3. For each package:
a. Using thetar program, extract the package to be built. In Chapter 5, ensure you are the Ifs user
when extracting the package.
b. Change to the directory created when the package was extracted.
c. Follow the book's instructions for building the package.
d. Change back to the sources directory.
e. Delete the extracted source directory unless instructed otherwise.

35



Linux From Scratch - Version 9.0-systemd

5.4. Binutils-2.32 - Pass 1

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

Approximate build time: 1 SBU
Required disk space: 580 MB

5.4.1. Installation of Cross Binutils

% Note

Go back and re-read the notes in the previous section. Understanding the notes labeled important will 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 Binutilsin a dedicated build directory:

nkdir -v build
cd buil d

% Note
s

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
commandsinatimecommandlikethis:tinme { ./configure ... & ... & & nmake install; }.

% Note
The approximate build SBU values and required disk space in Chapter 5 does not include test suite data.

Now prepare Binutils for compilation:

../configure --prefix=/tools
--W t h- sysroot =$LFS
--with-lib-path=/tools/lib
--target =$LFS_TGT
--di sabl e-nls
--di sabl e-werror

— = e -

The meaning of the configure options:

--prefix=/tools
Thistells the configure script to prepare to install the Binutils programsinthe/ t ool s directory.

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

--with-lib-path=/tools/lib
This specifies which library path the linker should be configured to use.
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--target =$LFS_TGT
Because the machine description in the LFS_TGT variable is dightly different than the value returned by the
config.guess script, this switch will tell the configur e script to adjust Binutil's build system for building a cross
linker.

--di sable-nls
This disables internationalization asi18n 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.

Continue with compiling the package:

make

Compilationisnow complete. Ordinarily wewould now run thetest suite, but at this early stage the test suite framework
(Tcl, Expect, and DgjaGNU) is not yet in place. The benefits of running the tests at this point are minimal since the
programs from thisfirst pass will soon be replaced by those from the second.

If building on x86_64, create a symlink to ensure the sanity of the toolchain:

case $(uname -m in
x86 64) nkdir -v /tools/lib & In -sv |[ib /tools/lib64 ;;
esac

Install the package:

make i nstal l

Details on this package are located in Section 6.16.2, “ Contents of Binutils.”
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55 .GCC-9.20-Pass 1

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

Approximate build time: 12 SBU
Required disk space: 3.1GB

5.5.1. Installation of Cross GCC

GCC now 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 gec tarball from the sources directory and
then change to the directory created. Only then should you proceed with the instructions below.

tar -xf ../nmpfr-4.0.2.tar.xz
nv -v nmpfr-4.0.2 nmpfr

tar -xf ../gnp-6.1.2.tar.xz
m/ -v gnp-6.1.2 gnp

tar -xf ../nmpc-1.1.0.tar.gz
m/ -v npc-1.1.0 npc

The following command will change the location of GCC's default dynamic linker to usetheoneinstalledin/ t ool s.
It also removes/ usr /i ncl ude from GCC's include search path. Issue:

for file in gcc/config/{linux,i386/linux{,64}}.h
do
cp -uv $file{,.orig}
sed -e 's@Ilib\(64\)\?2\(32\)\?/1d@t ool s&@" \
-e 's@usr@tools@' S$file.orig > $file
echo '
#undef STANDARD STARTFI LE PREFI X 1
#undef STANDARD STARTFI LE _PREFI X 2
#defi ne STANDARD STARTFILE PREFI X 1 "/tools/lib/"

#defi ne STANDARD STARTFILE PREFI X 2 ""' >> $file
touch $file.orig
done

In case the above seems hard to follow, let's break it down a bit. First we copy the filesgcc/ confi g/ | i nux. h,
gcc/ config/i 386/ 1inux.h,andgcc/config/i368/|inux64.h toafileof the same name but with an
added suffix of “.orig”. Then the first sed expression prepends “/tools’ to every instance of “/lib/ld”, “/lib64/ld” or
“Nlib32/1d”, while the second one replaces hard-coded instances of “/usr”. Next, we add our define statements which
alter the default startfile prefix to the end of the file. Note that the trailing “/” in “/toolg/lib/” is required. Finaly, we
use touch to update the timestamp on the copied files. When used in conjunction with cp -u, this prevents unexpected
changesto the original filesin case the commands are inadvertently run twice.
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Finally, on x86_64 hosts, set the default directory name for 64-bit librariesto “lib”:

case $(uname -m in
x86_64)
sed -e '/nb4=/s/1ib64/1ib/" \
-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
--target =$LFS_TGT
--prefix=/tools
--wWith-glibc-version=2.11
--Wwi th-sysroot =$LFS
--wth-newib
--w t hout - header s
--wWith-|ocal -prefix=/tools
--W th-native-system header-dir=/tool s/include
--di sabl e-nls
- - di sabl e- shar ed
--disable-multilib
- - di sabl e-deci mal - f | oat
- -di sabl e-t hreads
--di sabl e-1ibatomc
--di sabl e-1i bgonmp
--di sabl e-li bquadmat h
--di sabl e-1ibssp
--disable-libvtv
--di sabl e-11i bst dcxx
- -enabl e- | anguages=c, c++

— T T s s

The meaning of the configure options:

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

--W t hout - header s
When creating a complete 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.

--with-1ocal -prefix=/tools
Thelocal prefix isthelocation in the system that GCC will search for locally installed includefiles. Thedefaultis/
usr/ | ocal . Settingthisto/ t ool s helpskeepthehostlocationof / usr/ | ocal out of thisGCC's search path.
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--wi th-native-system header-dir=/tool s/include
By default GCC searches/ usr / i ncl ude for system headers. In conjunction with the sysroot switch, thiswould
normally trandate to $LFS/ usr /i ncl ude. However the headers that will be installed in the next two sections
will goto $LFS/ t ool s/ i ncl ude. Thisswitch ensures that gcc will find them correctly. In the second pass of
GCC, this same switch will ensure that no headers from the host system are found.

- -di sabl e-shared
This switch forces GCC to link its internal libraries statically. We do this to avoid possible issues with the host

system.
--di sabl e-deci mal -fl oat, --disable-threads, --disable-libatomc, --disable-
I i bgonp, --disable-libguadmath, --disable-libssp, --disable-libvtv, --disabl e-
i bst dcxx

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

--disable-multilib
On x86 64, LFS does not yet support a multilib configuration. This switch is harmless for x86.

- - enabl e- | anguages=c, c++
This option ensures that only the C and C++ compilers are built. These are the only languages needed now.

Compile GCC by running:

make

Compilation is now complete. At this point, the test suite would normally be run, but, as mentioned before, the test
suite framework is not in place yet. The benefits of running the tests at this point are minimal since the programs from
thisfirst pass will soon be replaced.

Install the package:

make i nstall

Details on this package are located in Section 6.21.2, “ Contents of GCC.”
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5.6. Linux-5.2.8 APl Headers

The Linux APl Headers (in linux-5.2.8.tar.xz) expose the kernel's API for use by Glibc.
Approximate build time: 0.1 SBU

Required disk space: 960 MB
5.6.1. 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 files embedded in the package:

make nr proper

Now extract the user-visible kernel headers from the source. They are placed in an intermediate local directory and
copied to the needed |location because the extraction process removes any existing filesin the target directory.

make | NSTALL HDR PATH=dest headers_install
cp -rv dest/include/* /tools/include

Details on this package are located in Section 6.7.2, “Contents of Linux APl Headers.”
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5.7. Glibc-2.30

The Glibc package containsthemain Clibrary. 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: 4.8 SBU
Required disk space: 896 MB

5.7.1. Installation of Glibc
The Glibc documentation recommends building Glibc in a dedicated build directory:

nkdir -v build
cd buil d

Next, prepare Glibc for compilation:

../configure \
--prefix=/tools \
--host =$LFS_TGT \
--buil d=$(../scripts/config.guess) \
- -enabl e- kernel =3. 2 \

--w t h- header s=/t ool s/i ncl ude

The meaning of the configure options:

--host =$LFS_TGTI, --build=$(../scripts/config.guess)
The combined effect of these switches is that Glibc's build system configures itself to cross-compile, using the
cross-linker and cross-compiler in/ t ool s.

- -enabl e- kernel =3. 2
Thistells Glibc to compile the library with support for 3.2 and later Linux kernels. Workarounds for older kernels
are not enabled.

--wW t h- header s=/t ool s/incl ude

ThistellsGlibc to compileitself against the headersrecently installed to thetool sdirectory, so that it knows exactly
what features the kernel has and can optimize itself accordingly.

During this stage the following warning might appear:

configure: WARNI NG

*** These auxiliary prograns are m ssing or

*** jnconpatible versions: nsgfnt

*** sonme features wll be disabled.

*** Check the INSTALL file for required versions.

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

% Note
s

There have been reports that this package may fail when building as a "parallel make". If this occurs, rerun
the make command with a"-j1" option.
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Compile the package:

make

Install the package:

make i nstall

"\r

Caution

At this point, it is imperative to stop and ensure that the basic functions (compiling and linking) of the new
toolchain are working as expected. To perform a sanity check, run the following commands:

echo 'int main(){}' > dummy.c
$LFS _TGT-gcc dunmy. c
readelf -1 a.out | grep ': /tools'

If everything is working correctly, there should be no errors, and the output of the last command will be of
the form:

[ Requesting programinterpreter: /tools/lib64/1d-1inux-x86-64.so0. 2]

Note that for 32-bit machines, the interpreter namewill be/ t ool s/ 1'i b/ 1 d-11i nux. so. 2.

If the output is not shown as above or there was no output at al, then something is wrong. Investigate and
retrace the steps to find out where the problem isand correct it. Thisissue must be resolved before continuing
on.

Once all iswell, clean up the test files:

rm-v dumy.c a.out

Note

Building Binutils in the section after next will serve as an additional check that the toolchain has been built
properly. If Binutilsfailsto build, it isan indication that something has gone wrong with the previous Binutils,
GCC, or Glibc installations.

Details on this package are located in Section 6.9.3, “Contents of Glibc.”
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5.8. Libstdc++ from GCC-9.2.0

Libstdc++ isthe standard C++ library. It is needed to compile C++ code (part of GCC is written in C++), but we had
to defer itsinstallation when we built gcc-passl because it depends on glibc, which was not yet available in /tools.

Approximate build time: 0.5 SBU
Required disk space: 879 MB

5.8.1. Installation of Target Libstdc++

% Note
' 4

Libstdc++ is part of the GCC sources. Y ou should first unpack the GCC tarball and change to the gcc- 9.
2. 0 directory.

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

nkdir -v build
cd buil d

Prepare Libstdc++ for compilation:

../libstdc++-v3/configure
--host =$LFS_TGT
--prefix=/tools
--disable-multilib
--di sabl e-nls
--di sabl e-1i bst dcxx-t hreads
--di sabl e-1i bst dcxx- pch
--W t h-gxx-include-dir=/tool s/ $LFS TGI/i ncl ude/c++/9.2.0

—

The meaning of the configure options:
--host=...
Indicates to use the cross compiler we have just built instead of theonein/ usr/ bi n.

--di sabl e-1i bst dcxx-t hreads
Since we have not yet built the C threads library, the C++ one cannot be built either.

--di sabl e-11i bstdcxx-pch
This switch prevents the installation of precompiled include files, which are not needed at this stage.

--wi t h-gxx-include-dir=/tool s/ $LFS_TGI/i ncl ude/ c++/9.2.0
This is the location where the standard include files are searched by the C++ compiler. In a normal build, this
information is automatically passed to the Libstdc++ configur e options from the top level directory. In our case,
this information must be explicitly given.

Compile libstdc++ by running:
make
Install the library:

make i nstal l
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Details on this package are located in Section 6.21.2, “ Contents of GCC.”
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5.9. Binutils-2.32 - Pass 2

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

Approximate build time: 1.1 SBU
Required disk space: 879 MB

5.9.1. Installation of Binutils
Create a separate build directory again:

nkdir -v build
cd build

Prepare Binutils for compilation:

CC=3$LFS TGT-gcc
AR=$LFS TGT- ar
RANLI B=$LFS TGT-ranlib
../configure
--prefix=/tools
--di sabl e-nls
--di sabl e-werror
--wth-lib-path=/tools/lib
--wW t h-sysroot

\
\
\
\
\
\
\
\

The meaning of the new configur e options:

CC=$LFS _TGT-gcc AR=$LFS TGT-ar RANLIB=$LFS TGT-ranlib
Becausethisisreally anative build of Binutils, setting these variables ensures that the build system uses the cross-
compiler and associated tools instead of the ones on the host system.

--wth-lib-path=/tools/lib
This tells the configure script to specify the library search path during the compilation of Binutils, resulting in /
t ool s/ | i b being passed to the linker. This prevents the linker from searching through library directories on
the host.

--w t h-sysroot
The sysroot feature enables the linker to find shared objects which are required by other shared objects explicitly
included on the linker's command line. Without this, some packages may not build successfully on some hosts.

Compile the package:

make

Install the package:

make install

Now prepare the linker for the “ Re-adjusting” phase in the next chapter:

make -C I d clean
make -C Id LIB PATH=/usr/lib:/lib
cp -v Id/Id-new /tool s/bin
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The meaning of the make parameters:
-Cld clean
This tells the make program to remove all compiled filesin thel d subdirectory.

-Cld LIB PATH=/usr/lib:/lib

This option rebuilds everything in the | d subdirectory. Specifying the LI B_PATH Makefile variable on the
command lineallowsusto override the default value of thetemporary toolsand point it to the proper final path. The
value of thisvariable specifiesthe linker's default library search path. This preparation is used in the next chapter.

Details on this package are located in Section 6.16.2, “ Contents of Binutils.”
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5.10. GCC-9.2.0 - Pass 2

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

Approximate build time: 15 SBU
Required disk space: 3.7GB

5.10.1. Installation of GCC

Our first build of GCC hasinstalled acouple of internal system headers. Normally oneof them,| i m t s. h, will inturn
include the corresponding system| i m t s. h header, inthiscase,/ t ool s/ i ncl ude/ | i m ts. h. However, at the
time of thefirst build of gcc/ t ool s/ i ncl ude/ i m ts. h didnot exist, so the internal header that GCC installed
isapartial, self-contained file and does not include the extended features of the system header. This was adequate for
building the temporary libc, but this build of GCC now requires the full internal header. Create a full version of the
internal header using a command that isidentical to what the GCC build system does in normal circumstances:

cat gcc/limtx.h gecc/glimts.h gec/limty.h >\
“dirnanme $($LFS TGT-gcc -print-libgcc-file-name) /include-fixed/limts.h

Once again, change the location of GCC's default dynamic linker to usetheoneinstalled in/ t ool s.

for file in gcc/config/{linux,i386/linux{,64}}.h
do
cp -uv $file{,.orig}
sed -e "s@Ilib\(64\)\?\(32\)\?/|d@tool s&@' \
-e 's@usr@tools@' S$file.orig > $file
echo '
#undef STANDARD STARTFI LE _PREFI X 1
#undef STANDARD _STARTFI LE_PREFI X 2
#defi ne STANDARD_STARTFI LE_PREFI X 1 "/tool s/lib/"

#defi ne STANDARD STARTFILE PREFI X 2 ""' >> $file
touch $file.orig
done

If building on x86_64, change the default directory name for 64-bit librariesto “lib”:

case $(unane -m in
x86_64)
sed -e '/nb4=/s/1ib64/lib/" \
-i.orig gcc/config/i386/t-1inux64

esac

Asin thefirst build of GCC it requires the GMP, MPFR and MPC packages. Unpack the tarballs and move them into
the required directory names:

tar -xf ../nmpfr-4.0.2.tar.xz
nv -v nmpfr-4.0.2 nmpfr

tar -xf ../gnp-6.1.2.tar.xz
m/ -v gnp-6.1.2 gnp

tar -xf ../nmpc-1.1.0.tar.gQz
m/ -v npc-1.1.0 npc
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Create a separate build directory again:

nkdir -v build
cd buil d

Before starting to build GCC, remember to unset any environment variablesthat override the default optimization flags.

Now prepare GCC for compilation:

CC=3$LFS TGT-gcc

CXX=$LFS_TGT- g++

AR=$LFS TGT- ar

RANLI B=$LFS TGT-ranlib

../configure
--prefix=/tools
--with-1ocal -prefix=/tools
--With-native-system header-dir=/tool s/include
- - enabl e- | anguages=c, c++
--di sabl e-1i bst dcxx- pch
--disable-multilib
--di sabl e- boot strap
--di sabl e-1i bgonp

o o o o o e e e o o o —

The meaning of the new configur e options:

- - enabl e- | anguages=c, c++
This option ensures that both the C and C++ compilers are built.

--di sabl e-li bstdcxx-pch
Do not build the pre-compiled header (PCH) for | i bst dc++. It takesup alot of space, and we have no usefor it.

--di sabl e-boot strap

For native builds of GCC, the default isto do a "bootstrap” build. This does not just compile GCC, but compiles
it several times. It uses the programs compiled in afirst round to compile itself a second time, and then again a
third time. The second and third iterations are compared to make sure it can reproduce itself flawlessly. Thisalso
implies that it was compiled correctly. However, the LFS build method should provide a solid compiler without
the need to bootstrap each time.

Compile the package:
make

Install the package:
make install

Asafinishing touch, create asymlink. Many programs and scripts run cc instead of gcc, whichisused to keep programs
generic and therefore usable on al kinds of UNIX systemswhere the GNU C compiler isnot alwaysinstalled. Running
cc leaves the system administrator free to decide which C compiler to install:

In -sv gcc /tools/bin/cc
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e Caution

At this point, it isimperative to stop and ensure that the basic functions (compiling and linking) of the new
toolchain are working as expected. To perform a sanity check, run the following commands:

echo "int main(){}' > dumy.c
cc dunmy.c
readelf -1 a.out | grep ': /tools'

If everything is working correctly, there should be no errors, and the output of the last command will be of
the form:

[ Requesting programinterpreter: /tools/lib64/1d-1inux-x86-64.so0. 2]

Note that the dynamic linker will be /toolg/lib/Id-linux.so.2 for 32-bit machines.

If the output is not shown as above or there was no output at all, then something is wrong. Investigate and
retrace the stepsto find out where the problem isand correct it. Thisissue must be resolved before continuing
on. First, perform the sanity check again, using gcc instead of cc. If this works, then the / t ool s/ bi n/
cc symlink is missing. Install the symlink as per above. Next, ensure that the PATH is correct. This can be
checked by running echo $PATH and verifying that / t ool s/ bi n isat the head of thelist. If the PATH s
wrong it could mean that you are not logged inasuser | f s or that something went wrong back in Section 4.4,
“Setting Up the Environment.”

Once dl iswell, clean up the test files:

rm-v dummy.c a.out

Details on this package are located in Section 6.21.2, “ Contents of GCC.”
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5.11. Tcl-8.6.9

The Tcl package contains the Tool Command Language.

Approximate build time: 0.9 SBU
Required disk space: 71 MB

5.11.1. Installation of Tcl

This package and the next two (Expect and DgjaGNU) are installed to support running the test suites for GCC and
Binutilsand other packages. Installing three packagesfor testing purposes may seem excessive, but it isvery reassuring,
if not essential, to know that the most important tools are working properly. Even if the test suites are not run in this
chapter (they are not mandatory), these packages are required to run the test suitesin Chapter 6.

Note that the Tcl package used here is a minimal version needed to run the LFS tests. For the full package, see the
BLFSTcl procedures.

Prepare Tcl for compilation:

cd uni x
./configure --prefix=/tools

Build the package:

make

Compilation is now complete. As discussed earlier, running the test suite is not mandatory for the temporary tools here
in this chapter. To run the Tcl test suite anyway, issue the following command:

TZ=UTC make t est

The Tcl test suite may experience failures under certain host conditions that are not fully understood. Therefore, test
suite failures here are not surprising, and are not considered critical. The TZ=UTC parameter sets the time zone to
Coordinated Universal Time (UTC), but only for the duration of the test suite run. This ensures that the clock tests are
exercised correctly. Details on the TZ environment variable are provided in Chapter 7.

Install the package:

make i nstal l

Make the installed library writable so debugging symbols can be removed later:

chnod -v u+w /tools/lib/libtcl8.6.so

Install Tcl's headers. The next package, Expect, requires them to build.

make install-private-headers

Now make a necessary symbolic link:

In -sv tclsh8.6 /tool s/bin/tclsh

5.11.2. Contents of Tcl

Installed programs: tclsh (link to tclsh8.6) and tclsh8.6
Installed library: libtcl8.6.s0, libtclstub8.6.a
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Short Descriptions

tclsh8.6 The Tcl command shell
tclsh A link to tclsh8.6
libtcl8.6.so0 The Tcl library

l'ibtclstub8.6.a TheTcl Stub library
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5.12. Expect-5.45.4

The Expect package contains a program for carrying out scripted dialogues with other interactive programs.

Approximate build time: 0.1 SBU
Required disk space: 4.0 MB

5.12.1. Installation of Expect

First, force Expect's configure script to use/ bi n/ stty instead of a/ usr/ | ocal / bi n/ stty it may find on the
host system. Thiswill ensure that our test suite tools remain sane for the final builds of our toolchain:

cp -v configure{,.orig}
sed "s:/usr/local/bin:/bin:* configure.orig > configure

Now prepare Expect for compilation:

./configure --prefix=/tools \
--with-tcl=/tools/lib \
--with-tclinclude=/tool s/incl ude

The meaning of the configure options:

--with-tcl=/tools/lib
This ensures that the configure script finds the Tcl installation in the temporary tools location instead of possibly
locating an existing one on the host system.

--with-tclinclude=/tool s/include
This explicitly tells Expect where to find Tcl's internal headers. Using this option avoids conditions where
configure fails because it cannot automatically discover the location of Tcl's headers.

Build the package:

make

Compilation is now complete. As discussed earlier, running the test suite is not mandatory for the temporary tools here
in this chapter. To run the Expect test suite anyway, issue the following command:

make test

Note that the Expect test suite is known to experience failures under certain host conditions that are not within our
control. Therefore, test suite failures here are not surprising and are not considered critical.

Install the package:

make SCRI PTS="" i nstal l

The meaning of the make parameter:

SCRI PTS=""
This prevents installation of the supplementary Expect scripts, which are not needed.

5.12.2. Contents of Expect

Installed program: expect
Installed library: libexpect-5.45.s0
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Short Descriptions

expect Communicates with other interactive programs according to a script

| i bexpect-5.45.so Contains functions that allow Expect to be used as a Tcl extension or to be used directly
from C or C++ (without Tcl)



5.13. DejaGNU-1.6.2

The DgaGNU package contains a framework for testing other programs.

Approximate build time:  lessthan 0.1 SBU
Required disk space: 3.2MB

5.13.1. Installation of DejaGNU
Prepare DejaGNU for compilation:
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./configure --prefix=/tools

Build and install the package:

make i nstall

To test the results, issue:

make check

5.13.2. Contents of DejaGNU
Installed program: runtest

Short Descriptions

runtest A wrapper script that locates the proper expect shell and then runs DejaGNU
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5.14. M4-1.4.18

The M4 package contains a macro processor.

Approximate build time: 0.2 SBU
Required disk space: 20MB

5.14.1. Installation of M4
First, make some fixes required by glibc-2.28:

sed -i '"s/1Oftrylockfile/lO EOF_ SEEN' lib/*.c
echo "#define _|1 O IN BACKUP 0x100" >> |ib/stdio-inpl.h

Prepare M4 for compilation:

./configure --prefix=/tools

Compile the package:

make

Compilation is now complete. As discussed earlier, running the test suite is not mandatory for the temporary tools here
in this chapter. To run the M4 test suite anyway, issue the following command:

make check

Install the package:

make i nstal l

Details on this package are located in Section 6.14.2, “Contents of M4.”
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5.15. Ncurses-6.1

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

Approximate build time: 0.6 SBU
Required disk space: 41 MB

5.15.1. Installation of Ncurses
First, ensure that gawk is found first during configuration:
sed -i s/mawk// configure
Prepare Ncurses for compilation:

./configure --prefix=/tools \
--w th-shared \
--w t hout - debug \
--w t hout - ada \
--enabl e-wi dec \
--enabl e-overwite

The meaning of the configure options:

--wW 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.

--enabl e-overwite
Thistells Ncursesto install its header filesinto/ t ool s/ i ncl ude, instead of / t ool s/ i ncl ude/ ncur ses,
to ensure that other packages can find the Ncurses headers successfully.

- -enabl e-w dec
This switch causes wide-character libraries (e.g., | i bncur sesw. so. 6. 1) to be built instead of normal ones
(eg., i bncurses. so. 6. 1). These wide-character libraries are usable in both multibyte and traditional 8-bit
locales, whilenormal librarieswork properly only in 8-bit locales. Wide-character and normal libraries are source-
compatible, but not binary-compatible.

Compile the package:
make

This package has a test suite, but it can only be run after the package has been installed. The testsresidein thet est /
directory. See the READVE file in that directory for further details.

Install the package:

make i nstal l
In -s |libncursesw.so /tools/lib/libncurses. so

Details on this package are located in Section 6.24.2, “ Contents of Ncurses.”
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5.16. Bash-5.0

The Bash package contains the Bourne-Again SHell.

Approximate build time: 0.4 SBU
Required disk space: 67 MB

5.16.1. Installation of Bash
Prepare Bash for compilation:

./configure --prefix=/tools --wthout-bash-malloc

The meaning of the configure options:

--w t hout - bash-nmal | oc

This option turns off the use of Bash's memory alocation (mal | oc) function which is known 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

Compilation is now complete. As discussed earlier, running the test suite is not mandatory for the temporary tools here
in this chapter. To run the Bash test suite anyway, issue the following command:

make tests

Install the package:

make i nstal l

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

In -sv bash /tool s/bin/sh

Details on this package are located in Section 6.34.2, “Contents of Bash.”
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5.17. Bison-3.4.1

The Bison package contains a parser generator.

Approximate build time: 0.3 SBU
Required disk space: 39 MB

5.17.1. Installation of Bison

Prepare Bison for compilation:
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./configure --prefix=/tools

Compile the package:

make

To test the results, issue:

make check

Install the package:

make i nstal l

Details on this package are located in Section 6.31.2, “ Contents of Bison.”
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5.18. 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: 6.0 MB

5.18.1. Installation of Bzip2

The Bzip2 package does not contain a configur e script. Compile and test it with:

make

Install the package:

make PREFI X=/tool s install

Details on this package are located in Section 6.22.2, “ Contents of Bzip2.”
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5.19. Coreutils-8.31

The Coreutils package contains utilities for showing and setting the basic system characteristics.

Approximate build time: 0.8 SBU
Required disk space: 157 MB

5.19.1. Installation of Coreutils

Prepare Coreutils for compilation:

./configure --prefix=/tools --enable-install-progranrhostnane

The meaning of the configure options:

--enabl e-i nstal | - progranm=host nane

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

Compile the package:

make

Compilation is now complete. As discussed earlier, running the test suite is not mandatory for the temporary tools here
in this chapter. To run the Coreutils test suite anyway, issue the following command:

make RUN_EXPENSI VE TESTS=yes check

The RUN_EXPENSI VE_TESTS=yes parameter tells the test suite to run several additional tests that are considered
relatively expensive (in terms of CPU power and memory usage) on some platforms, but generally are not a problem
on Linux.

Install the package:

make i nstal l

Details on this package are located in Section 6.54.2, “ Contents of Coreutils.”
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5.20. Diffutils-3.7

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

Approximate build time: 0.2 SBU
Required disk space: 26 MB

5.20.1. Installation of Diffutils
Prepare Diffutils for compilation:

./configure --prefix=/tools

Compile the package:

make

Compilation is now complete. As discussed earlier, running the test suite is not mandatory for the temporary tools here
in this chapter. To run the Diffutils test suite anyway, issue the following command:

make check

Install the package:

make i nstal l

Details on this package are located in Section 6.56.2, “Contents of Diffutils.”
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5.21. File-5.37

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

Approximate build time: 0.1 SBU
Required disk space: 19 MB

5.21.1. Installation of File

Prepare File for compilation:

./configure --prefix=/tools

Compile the package:

make

Compilation is now complete. As discussed earlier, running the test suite is not mandatory for the temporary tools here
in this chapter. To run the File test suite anyway, issue the following command:

make check

Install the package:

make i nstal l

Details on this package are located in Section 6.12.2, “Contents of File.”
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5.22. Findutils-4.6.0

The Findutils package contains programs to find files. These programs are provided to recursively search through a
directory tree and to create, maintain, and search a database (often faster than the recursive find, but unreliable if the
database has not been recently updated).

Approximate build time: 0.3 SBU
Required disk space: 36 MB

5.22.1. Installation of Findutils
First, make some fixes required by glibc-2.28:

sed -i '"s/1Oftrylockfile/lO EOF_SEEN" gl/lib/*.c
sed -i '/unistd/a #include <sys/sysmacros.h> gl/lib/mountlist.c
echo "#define _|1 O IN BACKUP 0x100" >> gl/lib/stdio-inpl.h

Prepare Findutils for compilation:

./configure --prefix=/tools

Compile the package:

make

Compilation is now complete. As discussed earlier, running the test suite is not mandatory for the temporary tools here
in this chapter. To run the Findutils test suite anyway, issue the following command:

make check

Install the package:

make i nstal l

Details on this package are located in Section 6.58.2, “ Contents of Findutils.”
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5.23. Gawk-5.0.1

The Gawk package contains programs for manipulating text files.

Approximate build time: 0.2 SBU
Required disk space: 46 MB

5.23.1. Installation of Gawk

Prepare Gawk for compilation:

./configure --prefix=/tools

Compile the package:

make

Compilation is now complete. As discussed earlier, running the test suite is not mandatory for the temporary tools here
in this chapter. To run the Gawk test suite anyway, issue the following command:

make check

Install the package:

make i nstal l

Details on this package are located in Section 6.57.2, “ Contents of Gawk.”
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5.24. Gettext-0.20.1

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: 1.8 SBU
Required disk space: 300 MB

5.24.1. Installation of Gettext

For our temporary set of tools, we only need to install three programs from Gettext.

Prepare Gettext for compilation:

./ configure --disabl e-shared

The meaning of the configur e option:

- -di sabl e-shared
We do not need to install any of the shared Gettext libraries at this time, therefore there is no need to build them.

Compile the package:

make

Due to the limited environment, running the test suite at this stage is not recommended.

Install the msgfmt, msgmer ge and xgettext programs:

cp -v gettext-tools/src/{nmsgfnt, negnerge, xgettext} /tools/bin

Details on this package are located in Section 6.47.2, “ Contents of Gettext.”
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5.25. Grep-3.3

The Grep package contains programs for searching through files.

Approximate build time: 0.2 SBU
Required disk space: 24 MB

5.25.1. Installation of Grep
Prepare Grep for compilation:

./configure --prefix=/tools

Compile the package:

make

Compilation is now complete. As discussed earlier, running the test suite is not mandatory for the temporary tools here
in this chapter. To run the Grep test suite anyway, issue the following command:

make check

Install the package:

make i nstal l

Details on this package are located in Section 6.33.2, “ Contents of Grep.”
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5.26. Gzip-1.10

The Gzip package contains programs for compressing and decompressing files.

Approximate build time: 0.1 SBU
Required disk space: 10 MB

5.26.1. Installation of Gzip
Prepare Gzip for compilation:

./configure --prefix=/tools

Compile the package:

make

Compilation is now complete. As discussed earlier, running the test suite is not mandatory for the temporary tools here
in this chapter. To run the Gzip test suite anyway, issue the following command:

make check

Install the package:

make i nstal l

Details on this package are located in Section 6.62.2, “ Contents of Gzip.”
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5.27. Make-4.2.1

The Make package contains a program for compiling packages.

Approximate build time: 0.1 SBU
Required disk space: 13 MB

5.27.1. Installation of Make
First, work around an error caused by glibc-2.27 and | ater:

sed -i '211,217 d; 219,229 d; 232 d' glob/glob.c

Prepare Make for compilation:

./configure --prefix=/tools --without-qguile

The meaning of the configure option:

--wi thout-qguile
Thisensuresthat Make-4.2.1 won't link against Guile libraries, which may be present on the host system, but won't
be available within the chroot environment in the next chapter.

Compile the package:

make

Compilation is now complete. As discussed earlier, running the test suite is not mandatory for the temporary tools here
in this chapter. To run the Make test suite anyway, issue the following command:

make check

Install the package:

make i nstal l

Details on this package are located in Section 6.66.2, “ Contents of Make.”

69



Linux From Scratch - Version 9.0-systemd

5.28. Patch-2.7.6

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: 0.2 SBU
Required disk space: 13 MB

5.28.1. Installation of Patch
Prepare Patch for compilation:

./configure --prefix=/tools

Compile the package:

make

Compilation is now complete. As discussed earlier, running the test suite is not mandatory for the temporary tools here
in this chapter. To run the Patch test suite anyway, issue the following command:

make check

Install the package:

make i nstal l

Details on this package are located in Section 6.67.2, “ Contents of Patch.”

70



Linux From Scratch - Version 9.0-systemd

5.29. Perl-5.30.0

The Perl package contains the Practical Extraction and Report Language.

Approximate build time: 1.6 SBU
Required disk space: 275MB

5.29.1. Installation of Perl
Prepare Perl for compilation:

sh Configure -des -Dprefix=/tools -Dlibs=-Im-U oclibpth -U ocincpth

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.

-U oclibpth and -U oci ncpth

These entries undefine variables that cause the configuration to search for locally installed components that may
exist on the host system.

Build the package:

make

Although Perl comes with atest suite, it would be better to wait until it isinstalled in the next chapter.
Only afew of the utilities and libraries need to be installed at thistime:

cp -v perl cpan/podl ators/scripts/pod2man /tool s/ bin
nkdir -pv /tools/lib/perl5/5.30.0
cp -Rv Iib/* /tools/lib/perl5/5.30.0

Details on this package are located in Section 6.40.2, “ Contents of Perl.”
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5.30. Python-3.7.4

The Python 3 package contains the Python development environment. It is useful for object-oriented programming,
writing scripts, prototyping large programs or devel oping entire applications.

Approximate build time: 1.4 SBU
Required disk space: 381 MB

5.30.1. Installation of Python

% Note
’ 4

There are two package files whose name starts with “python”. The one to extract fromisPyt hon- 3. 7. 4.
t ar . xz (notice the uppercase first letter).

This package first builds the Python interpreter, then some standard Python modules. The main script for building
modules is written in Python, and uses hard-coded pathsto the host / usr /i ncl ude and/ usr/ | i b directories. To
prevent them from being used, issue:

sed -i '/def add_nultiarch_paths/a \ return' setup.py

Prepare Python for compilation:

./configure --prefix=/tools --w thout-ensurepip

The meaning of the configur e option:

--w t hout - ensurepip
This switch disables the Python package installer, which is not needed at this stage.

Compile the package:

make

Compilation is now complete. The test suite requires TK and and X Windows and cannot be run at this time.

Install the package:

make i nstal l

Details on this package are located in Section 6.51.2, “Contents of Python 3.”
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5.31. Sed-4.7

The Sed package contains a stream editor.

Approximate build time: 0.2 SBU
Required disk space: 20MB

5.31.1. Installation of Sed
Prepare Sed for compilation:
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./configure --prefix=/tools

Compile the package:

make

Compilation is now complete. As discussed earlier, running the test suite is not mandatory for the temporary tools here
in this chapter. To run the Sed test suite anyway, issue the following command:

make check

Install the package:

make i nstal l

Details on this package are located in Section 6.28.2, “ Contents of Sed.”
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5.32. Tar-1.32

The Tar package contains an archiving program.

Approximate build time: 0.3 SBU
Required disk space: 38 MB

5.32.1. Installation of Tar

Prepare Tar for compilation:
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./configure --prefix=/tools

Compile the package:

make

Compilation is now complete. As discussed earlier, running the test suite is not mandatory for the temporary tools here
in this chapter. To run the Tar test suite anyway, issue the following command:

make check

Install the package:

make i nstal l

Details on this package are located in Section 6.69.2, “ Contents of Tar.”
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5.33. Texinfo-6.6

The Texinfo package contains programs for reading, writing, and converting info pages.

Approximate build time: 0.2 SBU
Required disk space: 103 MB

5.33.1. Installation of Texinfo

Prepare Texinfo for compilation:

./configure --prefix=/tools

% Note

As part of the configure process, atest is made that indicates an error for TestXS |laTestXS.lo. Thisis not
relevant for LFS and should be ignored.

Compile the package:

make

Compilation is now complete. As discussed earlier, running the test suite is not mandatory for the temporary tools here
in this chapter. To run the Texinfo test suite anyway, issue the following command:

make check

Install the package:

make i nstal l

Details on this package are located in Section 6.70.2, “ Contents of Texinfo.”
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5.34. Util-linux-2.34

The Util-linux package contains miscellaneous utility programs.

Approximate build time: 1 SBU
Required disk space: 147 MB

5.34.1. Installation of Util-linux

Prepare Util-linux for compilation:

./configure --prefix=/tools \
--w t hout - pyt hon \
- - di sabl e- makei nst al | - chown \
--wW t hout - systenmdsystenmunitdir \
--w t hout - ncur ses \
PKG_CONFI G=""

The meaning of the configur e option:
--w t hout - pyt hon
This switch disables using Pythonif it isinstalled on the host system. It avoids trying to build unneeded bindings.

- -di sabl e- makei nst al | -chown

This switch disables using the chown command during installation. Thisis not needed when installing into the /
tools directory and avoids the necessity of installing as root.

--w t hout - ncur ses

This switch disables using the ncurses library for the build process. This is not needed when installing into the /
tools directory and avoids problems on some host distros.

--w t hout - systendsyst ermuni tdir

On systems that use systemd, the package tries to install a systemd specific file to a non-existent directory in /
tools. This switch disables the unnecessary action.

PKG_CONFI G=""

Setting this environment variable prevents adding unneeded features that may be available on the host. Note that
the location shown for setting this environment variable is different from other LFS sections where variables are
set preceding the command. This location is shown to demonstrate an alternative way of setting an environment
variable when using configure.

Compile the package:
make

Install the package:
make i nstall

Details on this package are located in Section 6.75.3, * Contents of Util-linux.”
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5.35. Xz-5.2.4

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: 0.2 SBU
Required disk space: 18 MB

5.35.1. Installation of Xz

Prepare Xz for compilation:

./configure --prefix=/tools

Compile the package:

make

Compilation is now complete. As discussed earlier, running the test suite is not mandatory for the temporary tools here
in this chapter. To run the Xz test suite anyway, issue the following command:

make check

Install the package:

make i nstal l

Details on this package are located in Section 6.45.2, “ Contents of Xz.”
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5.36. Stripping

The stepsin this section are optional, but if the LFS partition is rather small, it is beneficial to learn that unnecessary
items can be removed. The executables and libraries built so far contain about 70 MB of unneeded debugging symbols.
Remove those symbols with:

strip --strip-debug /tools/lib/*
lusr/bin/strip --strip-unneeded /tools/{,s}bin/*

These commands will skip a number of files, reporting that it does not recognize their file format. Most of these are
scripts instead of binaries. Also use the system strip command to include the strip binary in /tools.

Take care not to use - - st ri p- unneeded on the libraries. The static ones would be destroyed and the toolchain
packages would need to be built al over again.

To save more, remove the documentation:

rm-rf /tools/{, share}/{i nfo, man, doc}

Remove unneeded files:

find /tools/{lib,libexec} -nane \*.la -delete

At this point, you should have at least 3 GB of free space in $LFS that can be used to build and install Glibc and Gee
in the next phase. If you can build and install Glibc, you can build and install the rest too.

5.37. Changing Ownership
"H Note

The commandsin the remainder of this book must be performed whilelogged in asuser r oot and no longer
asuser | fs. Also, double check that $LFSisset inr oot 's environment.

Currently, the$SLFS/ t ool s directory isowned by theuser | f s, auser that existsonly onthe host system. If theSLFS/
t ool s directory is kept asis, the files are owned by a user ID without a corresponding account. This is dangerous
because a user account created later could get this same user ID and would own the $LFS/ t ool s directory and al
the files therein, thus exposing these files to possible malicious manipulation.

To avoid thisissue, you could add the | f s user to the new LFS system later when creating the / et ¢/ passwd file,
taking care to assign it the same user and group IDs as on the host system. Better yet, change the ownership of the
$LFS/ t ool s directory to user r oot by running the following command:

chown -R root:root $LFS/tools

Althoughthe $LFS/ t ool s directory can be deleted once the LFS system has been finished, it can be retained to build
additional LFS systems of the same book version. How best to backup $LFS/ t ool s isamatter of personal preference.

A Caution

If you intend to keep the temporary tools for use in building future LFS systems, now is the time to back
them up. Subsequent commands in chapter 6 will alter the tools currently in place, rendering them useless
for future builds.
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Chapter 6. Installing Basic System Software

6.1. Introduction

In this chapter, we enter the building site and start constructing the LFS system in earnest. That is, we chroot into the
temporary mini Linux system, make afew final preparations, and then begin installing the packages.

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 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 when using
optimization, try to compile it without optimization and seeif that fixes the problem. Even if the package does compile
when using optimization, there is the risk it may have been compiled incorrectly because of the complex interactions
between the code and build tools. Also note that the - mar ch and - it une options using values not specified in the
book have not been tested. Thismay cause problems with the tool chain packages (Binutils, GCC and Glibc). The small
potential gains achieved in using compiler optimizations are often outweighed by the risks. First-time builders of LFS
are encouraged to build without custom optimizations. The subsequent system will still run very fast and be stable at
the sametime.

The order that packages are installed in this chapter needsto be strictly followed to ensure that no program accidentally
acquires a path referring to / t ool s hard-wired into it. For the same reason, do not compile separate packages in
paralel. Compiling in parallel may save time (especially on dual-CPU machines), but it could result in a program
containing ahard-wired pathto/ t ool s, whichwill cause the program to stop working when that directory isremoved.

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 of these) that the package installs.

% Note
The SBU values and required disk space includes test suite data for all applicable packagesin Chapter 6.

6.1.1. About libraries

In general, the LFS editors discourage building and installing static libraries. The original purpose for most static
libraries has been made obsolete in a modern Linux system. In addition linking a static library into a program can be
detrimental. If an update to the library is needed to remove a security problem, all programs that use the static library
will need to be relinked to 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.

In the proceduresin Chapter 6, we remove or disable installation of most static libraries. Usually thisis done by passing
a--di sabl e- st ati c option to configure. In other cases, alternate means are needed. In a few cases, especially
glibc and gcc, the use of static libraries remains essential to the general package building process.

For amore compl ete discussion of libraries, see the discussion Libraries: Static or shared? in the BLFS book.
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6.2. Preparing Virtual Kernel File Systems

Various file systems exported by the kernel are used to communicate to and from the kernel itself. These file systems
arevirtual in that no disk space is used for them. The content of the file systems resides in memory.

Begin by creating directories onto which the file systems will be mounted:

nkdi r -pv $LFS/ {dev, proc, sys, run}

6.2.1. Creating Initial Device Nodes

When the kernel boots the system, it requires the presence of afew device nodes, in particular theconsol e and nul |
devices. The device nodes must be created on the hard disk so that they are available before udevd has been started, and
additionally when Linux is started withi ni t =/ bi n/ bash. Create the devices by running the following commands:

nknod -m 600 $LFS/ dev/console ¢ 5 1
nknod -m 666 $LFS/dev/null ¢ 1 3

6.2.2. Mounting and Populating /dev

The recommended method of populating the / dev directory with devices is to mount a virtual filesystem (such as
t npf s) onthe/ dev directory, and allow the devices to be created dynamically on that virtual filesystem asthey are
detected or accessed. Device creation isgenerally done during the boot process by Udev. Since this new system does not
yet have Udev and has not yet been booted, it is hecessary to mount and populate/ dev manually. Thisisaccomplished
by bind mounting the host system's/ dev directory. A bind mount is a special type of mount that allows you to create
amirror of adirectory or mount point to some other location. Use the following command to achieve this:

mount -v --bind /dev $LFS/ dev

6.2.3. Mounting Virtual Kernel File Systems

Now mount the remaining virtual kernel filesystems:

nmount -vt devpts devpts $LFS/ dev/pts -o gi d=5, nnde=620
nmount -vt proc proc $LFS/ proc
mount -vt sysfs sysfs $LFS/sys
mount -vt tnpfs tnpfs $LFS/run

The meaning of the mount optionsfor devpts:

gi d=5
This ensures that all devpts-created device nodes are owned by group ID 5. Thisis the ID we will use later on
for thet t y group. We use the group ID instead of a name, since the host system might use a different ID for
itst t y 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.
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In some host systems, / dev/ shmisasymboliclink to/ r un/ shm The /run tmpfs was mounted above so in this case
only adirectory needs to be created.

if [ -h $LFS/dev/shm]; then
nkdir -pv $LFS/ $(readlink $LFS/ dev/shm
fi

6.3. Package Management

Package Management is an often requested addition to the LFS Book. A Package Manager allows tracking the
installation of files making it easy to remove and upgrade packages. As well as the binary and library files, a package
manager will handle the installation of configuration files. Before you begin to wonder, NO—this section will not talk
about nor recommend any particular package manager. What it provides is a roundup of the more popular techniques
and how they work. The perfect package manager for you may be among these techniques or 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. Including one 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 need.

6.3.1. Upgrade Issues

A Package Manager makes it easy to upgrade to newer versions when they are released. Generally the instructionsin
the LFS and BLFS Book 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 Glibc needs to be upgraded to a newer version, (e.g. from glibc-2.19 to glibc-2.20), it is safer to rebuild LFS.
Though you may be able to rebuild al the packages in their dependency order, we do not recommend it.

 If apackage containing a shared library is updated, and if the name of the library changes, then all the packages
dynamically linked to the library need to be recompiled to link against the newer library. (Note that thereisno
correlation between the package version and the name of the library.) For example, consider a package foo-1.2.3
that installs a shared library with namel i bf 00. so. 1. Say you upgrade the package to a newer version foo-1.2.4
that installs a shared library with namel i bf 0o. so. 2. Inthiscase, all packages that are dynamically linked
tol i bf 00. so. 1 needto berecompiled tolink against | i bf 00. so. 2. Note that you should not remove the
previous libraries until the dependent packages are recompiled.

6.3.2. 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 the particular scheme.

6.3.2.1. It is All in My Head!

Yes, this is a package management technique. Some folks do not find the need for a package manager because they
know the packages intimately and know what files are installed by each package. Some users also do not need any
package management because they plan on rebuilding the entire system when a package is changed.
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6.3.2.2. Install in Separate Directories

Thisisasimplistic package management that does not need any extra package to manage theinstallations. Each package
isinstalled in a separate directory. For example, package foo-1.1isinstaledin/ usr/ pkg/ f oo- 1. 1 and asymlink
ismade from/ usr/ pkg/ f oo to/ usr/ pkg/ f oo-1. 1. Wheninstalling a new version foo-1.2, it isinstalled in /
usr/ pkg/ f oo- 1. 2 and the previous symlink is replaced by a symlink to the new version.

Environment variables such as PATH, LD_LI BRARY_PATH, MANPATH, | NFOPATH and CPPFLAGS need to be
expanded to include/ usr / pkg/ f 0o. For more than afew packages, this scheme becomes unmanageable.

6.3.2.3. Symlink Style Package Management

Thisis avariation of the previous package management technique. Each package is installed similar to the previous
scheme. But instead of making the symlink, 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 to automate the creation, many
package managers have been written using this approach. A few of the popular ones include Stow, Epkg, Graft, and
Depot.

The installation needs to be faked, so that the package thinksthat itisinstalled in/ usr thoughinredlity it isinstalled
inthe/ usr/ pkg hierarchy. Installing in this manner is not usually atrivial task. For example, consider that you are
installing a package libfoo-1.1. The following instructions may not install the package properly:

./configure --prefix=/usr/pkg/libfoo/1l.1
make
make i nstall

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 itislinkedto/ usr/ pkg/ | i bf oo/ 1. 1/1i b/ | i bf 0o. so.
linsteadof /usr/|ib/libfoo.so.1asyouwouldexpect. The correct approach isto use the DESTDI R strategy
to fake installation of the package. 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 manually install the package, or you may find that it is easier to install some problematic packagesinto/ opt .

6.3.2.4. Timestamp Based

In this technique, afile is timestamped before the installation of the package. After the installation, a simple use of
the find command with the appropriate options can generate alog of al the filesinstalled after the timestamp file was
created. A package manager written with this approach isinstall-log.

Though this scheme hasthe advantage of being ssimple, it hastwo drawbacks. If, during installation, thefilesareinstalled
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 one package isinstalled at atime. The logs are not reliable if two packages are being
installed on two different consoles.

6.3.2.5. Tracing Installation Scripts

In this approach, the commands that the installation scripts perform are recorded. There are two techniques that one
can use:

83



Linux From Scratch - Version 9.0-systemd

The LD_PRELQAD 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 is advised that one performs some tests to ensure that the package manager does not
break anything and logs all the appropriate files.

The second techniqueisto use strace, which logs all system calls made during the execution of the installation scripts.

6.3.2.6. Creating Package Archives

In this scheme, the package installation is faked into a separate tree as described in the Symlink style package
management. After the installation, a package archive is created using the installed files. This archive is then used to
install the package either on the local machine or can even be used to install the package 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 Standard 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 http://mww.linuxfromscratch.or g/hints/downl oads/fil es/faker oot.txt.

Creation of package files that include dependency information is complex and is 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 http://mww.slackbook.org/
html/package-management.html.

6.3.2.7. 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 detail s please see the hint at http: //mww.linuxfromscratch.or g/hints/downl oads/filessrmore_control
and_pkg_man.txt.

6.3.3. 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 250M B uncompressed for a base LFS build), copying that file
via network transfer or CD-ROM to the new system and expanding it. From that point, a few configuration files will
have to be changed. Configuration files that may need to be updated include: / et ¢/ host s,/ etc/ fstab,/etc/

passwd,/ et c/ group, / etc/ shadow,and/ etc/ | d. so. conf.

A custom kernel may need to be built for the new system depending on differencesin system hardware and the original
kernel configuration.

% Note

There have been some reports of issues when copying between similar but not identical architectures. For
instance, the instruction set for an Intel system is not identical with an AMD processor and later versions of
some processors may have instructions that are unavailable in earlier versions.
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Finally the new system has to be made bootable via Section 8.4, “Using GRUB to Set Up the Boot Process’.

6.4. Entering the Chroot Environment

It istime to enter the chroot environment to begin building and installing the final LFS system. Asuser r oot , run the
following command to enter the realm that is, at the moment, populated with only the temporary tools:

chroot "$LFS' /tools/bin/env -i \
HOVE=/ r oot \
TERME" $TERM' \
PS1='(Ifs chroot) \u:\w$ ' \
PATH=/ bi n: /usr/bin:/sbin:/usr/sbin:/tools/bin \
/t ool s/ bi n/ bash --10gin +h

The-i option given to the env command will clear al variables of the chroot environment. After that, only the HOVE,
TERM PS1, and PATH variables are set again. The TERM=$TERMconstruct will set the TERMvariable inside chroot
to the same value as outside chroot. Thisvariableis needed for programs like vim and less to operate properly. If other
variables are needed, such as CFLAGS or CXXFLAGS, thisis agood place to set them again.

From this point on, there is no need to use the LFS variable anymore, because all work will be restricted to the LFS
file system. Thisis because the Bash shell istold that $LFS is now the root (/ ) directory.

Notice that / t ool s/ bi n comes last in the PATH. This means that a temporary tool will no longer be used once its
final version isinstalled. This occurs when the shell does not “remember” the locations of executed binaries—for this
reason, hashing is switched off by passing the +h option to bash.

Note that the bash prompt will say | have no name! Thisisnormal because the / et ¢/ passwd file has not
been created yet.

% Note
s

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), ensurethat the virtual kernel filesystems are mounted as explained in Section 6.2.2, “Mounting and
Populating /dev” and Section 6.2.3, “Mounting Virtual Kernel File Systems’ and enter chroot again before
continuing with the installation.
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6.5. Creating Directories

It is time to create some structure in the LFS file system. Create a standard directory tree by issuing the following
commands:

nkdi r -pv /{bin, boot, etc/{opt, sysconfig}, home,lib/firmvare, mt, opt}
nkdir -pv /{nmedial/{fl oppy, cdront}, sbin, srv, var}

install -dv -m 0750 /root

install -dv -m 1777 /tnmp /var/tnp

nkdir -pv /usr/{,local/}{bin,include,lib,sbin,src}

nkdir -pv /usr/{,local/}share/{col or,dict, doc,info, | ocal e, man}
nkdir -v /usr/{,local/}share/{m sc,term nfo, zonei nf o}

nmkdir -v /usr/libexec

nkdir -pv /usr/{,|ocal/}share/ man/ man{1.. 8}

nkdir -v /usr/lib/pkgconfig

case $(unane -m in
x86_64) nkdir -v /1ib64 ;;
esac

nkdir -v /var/{l og, mail, spool}

In -sv /run /var/run

In -sv /run/lock /var/l ock

nkdir -pv /var/{opt, cache,lib/{color,msc,|ocate},|ocal}

Directories are, by default, created with permission mode 755, but this is not desirable for all directories. In the
commands above, two changes are made—one to the home directory of user r oot , and another to the directories for
temporary files.

The first mode change ensures that not just anybody can enter the/ r oot directory—the same as a normal user would
do with hisor her home directory. The second mode change makes sure that any user canwritetothe/ t np and/ var/

t np directories, but cannot remove another user'sfiles from them. The latter is prohibited by the so-called “ sticky bit,”
the highest bit (1) in the 1777 bit mask.

6.5.1. FHS Compliance Note

The directory 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 some directories such as/ usr/ | ocal / ganmes and
/ usr/ shar e/ ganes. We create only the directories that are needed. However, feel freeto create these directories.

86


https://refspecs.linuxfoundation.org/fhs.shtml
https://refspecs.linuxfoundation.org/fhs.shtml

Linux From Scratch - Version 9.0-systemd

6.6. Creating Essential Files and Symlinks

Some programs use hard-wired paths to programs which do not exist yet. In order to satisfy these programs, create a
number of symbolic links which will be replaced by real files throughout the course of this chapter after the software
has been installed:

I n -sv /tool s/ bin/{bash, cat, chnod, dd, echo, I n, nkdir, pwd, rm stty, touch} /bin

In -sv /tools/bin/{env,install, perl,printf} [usr/bin
In -sv /tools/lib/libgcc_s.sof, .1} lusr/lib
In -sv /tools/lib/libstdc++.{a, so{,.6}} lusr/lib

In -sv bash /bin/sh

The purpose of each link:

/ bi n/ bash
Many bash scripts specify / bi n/ bash.

/ bi n/ cat
This pathname is hard-coded into Glibc's configure script.

/ bi n/ dd
The path to dd will be hard-coded into the/ usr/ bi n/ | i bt ool utility.

/ bi n/ echo
Thisisto satisfy one of the testsin Glibc's test suite, which expects/ bi n/ echo.

[ usr/ bi n/ env
This pathname is hard-coded into some packages build procedures.

/usr/bin/install
Thepathtoi nst al | will be hard-coded intothe/ usr/1i b/ bash/ Makefil e. i nc file.

/bin/ln
The path to | n will be hard-coded intothe/ usr/ | i b/ perl5/5.30.0/ <target-triplet>/Config_
heavy. pl file.

/ bi n/ pwd
Some configure scripts, particularly Glibc's, have this pathname hard-coded.

/[bin/rm
The path to r mwill be hard-coded intothe/ usr/ | i b/ perl5/5.30.0/ <target-triplet>/Config_
heavy. pl file.

/bin/stty

This pathname is hard-coded into Expect, therefore it is needed for Binutils and GCC test suitesto pass.

[ usr/ bi n/ perl
Many Perl scripts hard-code this path to the per| program.

lusr/lib/libgcc_s.sof, .1}
Glibc needs this for the pthreads library to work.
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fusr/lib/libstdc++{, .6}
Thisis needed by severa testsin Glibc'stest suite, aswell as for C++ support in GMP.

/ bin/sh
Many shell scripts hard-code/ bi n/ sh.

Historically, Linux maintains alist of the mounted file systemsin thefile/ et ¢/ nt ab. Modern kernels maintain this
list internally and exposes it to the user viathe / pr oc filesystem. To satisfy utilities that expect the presence of /
et ¢/ m ab, create the following symbolic link:

In -sv /proc/self/mounts /etc/ntab

In order for user r oot to be able to login and for the name “root” to be recognized, there must be relevant entriesin
the/ et c/ passwd and/ et ¢/ gr oup files.

Createthe/ et ¢/ passwd file by running the following command:

cat > /etc/passwd << "EOF"

root: x:0:0:root:/root:/bin/bash

bin:x:1:1:bin:/dev/null:/bin/fal se

daenon: x: 6: 6: Daenon User:/dev/null:/bin/fal se
messagebus: x: 18: 18: D- Bus Message Daenon User:/var/run/ dbus:/bin/fal se
syst end- bus- proxy: x: 72: 72: systend Bus Proxy:/:/bin/fal se

syst end-j ournal - gat eway: x: 73: 73: systend Journal Gateway:/:/bin/false
systend-journal -renote: x: 74: 74: systend Journal Renote:/:/bin/false
syst end-j our nal - upl oad: x: 75: 75: systend Journal Upload:/:/bin/false
syst end- net wor k: x: 76: 76: syst end Net wor k Managenent:/:/bin/fal se
systend-resol ve: x: 77: 77: systend Resol ver:/:/bin/false
systend-ti nmesync: x: 78: 78: systend Ti me Synchroni zation:/:/bin/fal se
syst end- cor edunp: x: 79: 79: systend Core Dunper:/:/bin/false

nobody: x: 99: 99: Unpri vi | eged User:/dev/null:/bin/false

EOF

The actual password for r oot (the“x” used hereisjust a placeholder) will be set later.

88



Linux From Scratch - Version 9.0-systemd

Createthe/ et ¢/ gr oup file by running the following command:

cat > /etc/group << "ECOF"
root: x: O:

bi n: x: 1: daenon

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 np: x: 13:

usb: x: 14:

cdrom x: 15:

adm x: 16:

nmessagebus: x: 18:

syst end-j our nal : x: 23:

i nput : x: 24:

mai | : x: 34:

kvm x: 61:

syst end- bus- proxy: x: 72:
syst end- j our nal - gat eway: x: 73:
syst end-j ournal -renot 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-tinesync: x: 78:
syst end- cor edunp: x: 79:
wheel : x: 97:

nogr oup: x: 99:

users: x: 999:

EOF

The created groups are not part of any standard—they are groups decided on in part by the requirements of the Udev
configuration in this chapter, and in part by common convention employed by anumber of existing Linux distributions.
In addition, some test suites rely on specific users or groups. The Linux Standard Base (L SB, available at http://mww.
linuxbase.org) recommends only that, besides the group r oot with a Group ID (GID) of 0, agroup bi n with aGID
of 1 be present. 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.

To remove the “I have no name!” prompt, start a new shell. Since a full Glibc was installed in Chapter 5 and the /
et ¢/ passwd and/ et ¢/ gr oup files have been created, user name and group name resolution will now work:

exec /tool s/bin/bash --1ogin +h
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Note the use of the +h directive. Thistellsbash not to useitsinternal path hashing. Without this directive, bash would
remember the paths to binaries it has executed. To ensure the use of the newly compiled binaries as soon as they are
installed, the +h directive will be used for the duration of this chapter.

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/lastl og

chnod -v 664 /var/log/lastlog

chnod -v 600 /var/|og/btnp

The/ var /| og/ wt np file records al logins and logouts. The/ var /| og/ | ast | og file records when each user
last logged in. The/ var /| og/ f ai | | og filerecords failed login attempts. The/ var / | og/ bt np file records the
bad login attempts.

% Note
' 4

The/ r un/ ut np file records the users that are currently logged in. This file is created dynamically in the
boot scripts.
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6.7. Linux-5.2.8 APl Headers

The Linux APl Headers (in linux-5.2.8.tar.xz) expose the kernel's API for use by Glibc.
Approximate build time:  lessthan 0.1 SBU

Required disk space: 960 MB
6.7.1. 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 files and dependencies lying around from previous activity:

make nr proper

Now extract the user-visible kernel headers from the source. They are placed in an intermediate local directory and
copied to the needed location because the extraction process removes any existing files in the target directory. There
are al'so some hidden files used by the kernel devel opers and not needed by L FS that are removed from the intermediate
directory.

make | NSTALL HDR PATH=dest headers_install
find dest/include \( -nane .install -o -nanme ..install.cnd \) -delete
cp -rv dest/include/* /[usr/include

6.7.2. Contents of Linux APl Headers

Installed headers: /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

Installed directories: /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

Short Descriptions

[usr/include/asnl *.h The Linux APl ASM Headers
[usr/include/asmgeneric/*.h TheLinux APl ASM Generic Headers
fusr/include/drnmf*.h The Linux APl DRM Headers
[usr/include/linux/*.h The Linux API Linux Headers
[usr/include/msc/*.h The Linux API Miscellaneous Headers
fusr/include/ntd/*.h The Linux APl MTD Headers
[usr/include/rdma/*.h The Linux APl RDMA Headers
[usr/include/scsi/*.h The Linux API SCSI Headers
[usr/include/sound/*.h The Linux APl Sound Headers
[usr/include/video/*.h The Linux API Video Headers
[usr/include/ xen/*.h The Linux API Xen Headers
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6.8. Man-pages-5.02

The Man-pages package contains over 2,200 man pages.

Approximate build time:  lessthan 0.1 SBU
Required disk space: 31 MB

6.8.1. Installation of Man-pages
Install Man-pages by running:

make i nstall

6.8.2. 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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6.9. Glibc-2.30

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: 21 SBU
Required disk space: 3.3GB

6.9.1. Installation of Glibc

% Note

The Glibc build system is self-contained and will install perfectly, even though the compiler specs file and
linker are still pointing to/ t ool s. The specs and linker cannot be adjusted before the Glibc install because
the Glibc autoconf tests would give false results and defeat the goal of achieving a clean build.

Some of the Glibc programs use the non-FHS compilant / 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-2.30-fhs-1.patch
Fix a problem introduced with the linux-5.2 kernel:

sed -i '/asm socket. h/a# include <linux/sockios.h> \
sysdeps/ uni x/ sysv/ | inux/bits/socket.h

Createasymlink for LSB compliance. Additionally, for x86_64, create acompatibility symlink required for thedynamic
loader to function correctly:

case $(unane -m in
i ?786) In -sfv Id-linux.so.2 /lib/ld-Isb.so.3
x86 64) |In -sfv ../lib/ld-linux-x86-64.s0.2 /1ib64
In -sfv ../lib/ld-1inux-x86-64.s0.2 /1ib64/1d-Isb-x86-64.so0.3

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

nkdir -v build
cd bui l d

Prepare Glibc for compilation:

CC="gcc -ffile-prefix-map=/tool s=/usr" \
../configure --prefix=/usr
--di sabl e-werror
- -enabl e- kernel =3. 2
- - enabl e- st ack- prot ect or =strong
--wW t h- header s=/usr/i ncl ude
libc cv_slibdir=/lib

— — — —
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The meaning of the options and new configure parameters:

CC="gcc -ffile-prefix-nmap=/tool s=/usr"
Make GCC record any references to files in /tools in result of the compilation asif the files resided in /usr. This
avoidsintroduction of invalid paths in debugging symbols.

--di sabl e-werror
This option disables the -Werror option passed to GCC. Thisis necessary for running the test suite.

- -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.

--wW t h- header s=/usr/incl ude
This option tells the build system where to find the kernel APl headers. By default, those headers are sought in
/tool s/incl ude.

libc_cv_slibdir=/lib
This variable sets the correct library for al systems. We do not want lib64 to be used.

Compile the package:

make

' I mportant

In this section, the test suite for Glibc is considered critical. Do not skip it under any circumstance.

Generally afew tests do not pass. The test failures listed below are usually safe to ignore.

case $(unanme -m in
i 786) In -sfnv $PWD/ el f/1d-1inux. so. 2 /Iib ;;
x86 64) In -sfnv $PWY el f/1d-1inux-x86-64.s0.2 /lib ;;
esac

% Note
’ 4

The symbolic link above is needed to run the tests at this stage of building in the chroot envirnment. It will
be overwritten in the install phase below.

make check

You may see some test failures. The Glibc test suite is somewhat dependent on the host system. Thisis alist of the
most common issues seen for some versions of LFS:

* misc/tst-ttyname is known to fail in the LFS chroot environment.
* inet/tst-idna_name_classify is known to fail in the LFS chroot environment.
* posix/tst-getaddrinfo4 and posix/tst-getaddrinfo5 may fail on some architectures.

» The nss/tst-nss-files-hosts-multi test may fail for reasons that have not been determined.
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» Thert/tst-cputimer{1,2,3} tests depend on the host system kernel. Kernels 4.14.91-4.14.96, 4.19.13-4.19.18, and
4.20.0-4.20.5 are known to cause these tests to fail.

» The math tests sometimes fail when running on systems where the CPU is not arelatively new Intel or AMD
processor.

Though it is a harmless message, the install stage of Glibc will complain about the absence of / et ¢/ | d. so. conf .
Prevent this warning with:

touch /etc/ld. so. conf

Fix the generated Makefile to skip an unneeded sanity check that failsin the LFS partial environment:

sed '/test-installation/s@(PERL) @cho not running@ -i ../Mkefile

Install the package:

make i nstal l

Install the configuration file and runtime directory for nscd:

cp -v ../nscd/ nscd. conf /etc/nscd. conf
nkdi r -pv /var/cache/ nscd

Install the systemd support files for nscd:

install -v -Dnb44 ../nscd/nscd.tnpfiles /usr/lib/tnpfiles.d/ nscd.conf
install -v -Dnb44 ../nscd/ nscd. service /lib/systend/systenf nscd. service

Next, install the locales that can make the system respond in a different language. None of the locales are required, but
if some of them are missing, the test suites of future packages would skip important testcases.
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Individual locales can be installed using the localedef program. E.g., the first localedef command below combines
the/ usr/ share/i 18n/ | ocal es/ cs_CZ charset-independent local e definition with the/ usr/ shar e/ i 18n/
char maps/ UTF- 8. gz charmap definition and appends the result to the /usr/Ili b/l ocal e/l ocal e-
ar chi ve file. The following instructions will install the minimum set of locales necessary for the optimal coverage
of tests:

nkdir -pv /usr/lib/locale

| ocal edef -i POSI X -f UTF-8 C.UTF-8 2> /dev/null || true
| ocal edef -i ¢cs CZ -f UTF-8 cs_CZ. UTF-8

| ocal edef -i de DE -f 1SO 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 UTF-8 en_GB. UTF-8

| ocal edef -i en HK -f |SO 8859-1 en HK

| ocal edef -i en_PH -f 1SO 8859-1 en_PH

| ocal edef -i en US -f 1SO 8859-1 en US

| ocal edef -i en US -f UTF-8 en_US. UTF-8

| ocal edef -i es_MX -f 1SO 8859-1 es_MX

| 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 it IT -f 1SO-8859-1 it IT

| 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 SHIFT_JIS ja JP.SIJS 2> /dev/null || true

| ocal edef -i ja JP -f UTF-8 ja_JP.UTF-8

| 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 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 Go- HKSCS zh_HK. Bl G5- HKSCS

In addition, install the locale for your own country, language and character set.

Alternatively, install all localeslistedinthegl i bc- 2. 30/ | ocal edat a/ SUPPORTEDfile (it includesevery locale
listed above and many more) at once with the following time-consuming command:

make | ocal edata/install -l ocal es

Then use the localedef command to create and install locales not listed in the gl i bc- 2. 30/ 1 ocal edat a/
SUPPORTEDfilein the unlikely case you need them.

% 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 BLFSlibidn2 page.
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6.9.2. Configuring Glibc

6.9.2.1. Adding nsswitch.conf

The/ et c/ nsswi t ch. 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/nsswitch.conf << "ECOF"
# Begin /etc/nsswtch. conf

passwd: files
group: files
shadow. files

hosts: files dns
networks: files

protocols: files
services: files
ethers: files
rpc: files

# End /etc/nssw tch. conf
ECF

6.9.2.2. Adding time zone data

Install and set up the time zone data with the following:

tar -xf ../../tzdata2019b.tar.gz

ZONElI NFO=/ usr/ shar e/ zonei nfo
nkdir -pv $ZONEI NFQ { posi x, ri ght}

for tz in etcetera southamerica northamerica europe africa antarctica \
asi a austral asi a backward pacificnew systenv; do

zic -L /dev/null -d $ZONEI NFO ${tz}

zic -L /dev/null -d $ZONEI NFQ posi x ${t z}

zic -L |l eapseconds -d $ZONEI NFQ' ri ght ${tz}
done

cp -v zone.tab zonel970.tab i s03166.tab $ZONElI NFO
zic -d $ZONEI NFO -p Anerical/ New_York
unset ZONEI NFO
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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 nf o 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 space is tight and you do not intend to ever update the time
zones, you could save 1.9MB by not using theposi 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.

zic ... -p ...

This creates the posi xr ul es file. We use New Y ork because POSIX requires the daylight savings 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 ESTSEDT that are not identified by the script but can be used.

Then createthe/ et ¢/ | ocal ti ne file by running:
In -sfv /usr/share/zonei nfo/ <xxx> /etc/localtinme

Replace <xxx> with the name of the time zone selected (e.g., Canada/Eastern).

6.9.2.3. Configuring the Dynamic Loader

By default, the dynamic loader (/i b/ | d-1i nux. so. 2) searches through /1i b and /usr/Ii b for dynamic
libraries that are needed by programs as they are run. However, if there are libraries in directories other than /| i b
and/ usr/1i b, theseneedto beaddedtothe/ et ¢/ | d. so. conf filein order for the dynamic loader to find them.
Two directories that are commonly known to contain additional librariesare/ usr/ | ocal /i band/ opt/1i b, so
add those directories to the dynamic loader's search path.

Createanew file/ et c/ | d. so. conf by running the following:

cat > /etc/ld.so.conf << "EOF"
# Begin /etc/ld. so.conf
lusr/local/lib

lopt/lib

ECF
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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
i nclude /etc/ld.so.conf.d/*.conf

ECF

nkdir -pv /etc/ld.so.conf.d

6.9.3. Contents of Glibc

Installed programs:

Installed libraries;

I nstalled directories:

Short Descriptions

catchsegv
gencat
getconf
getent
iconv
iconvconfig
Idconfig
Idd
Iddlibc4
locale
localedef
makedb
mtrace

nscd

catchsegv, gencat, getconf, getent, iconv, iconvconfig, ldconfig, Idd, Iddlibc4, locale,
localedef, makedb, mtrace, nscd, pcprofiledump, pldd, sln, sotruss, sprof, tzselect, xtrace,
zdump, and zic

Id-2.30.s0, libBrokenLocale.{ a,s0}, libSegFault.so, libanl { a,so}, libc.
{aso}, libc nonshared.a, libcrypt{aso}, libdl.{aso}, libg.a, libmJ{aso},
libmcheck.a, libmemusage.so, libmvec{aso}, libnd.{aso}, libnss compat.so,
libnss dns.so, libnss files.so, libnss hesiod.so, libpcprofile.so, libpthread.{ a,s0},

libpthread nonshared.a, libresolv.{ a,so}, librt.{a,so}, libthread db.so, and libutil .{ a,s0}
/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, /var/cache/nscd, and /var/lib/nss_db

Can be used to create a stack trace when a program terminates with a segmentation fault
Generates message catal ogues

Displays the system configuration values for file system specific variables

Gets entries from an administrative database

Performs character set conversion

Creates fastloading iconv module configuration files

Configures the dynamic linker runtime bindings

Reports which shared libraries are required by each given program or shared library
Assists |dd with object files

Prints various information about the current locale

Compiles locale specifications

Creates a simple database from textual input

Reads and interprets a memory trace file and displays a summary in human-readable format
A daemon that provides a cache for the most common name service requests
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pldd

gn

sotruss

sprof
tzselect

xtrace

zdump

zic

| d-2.30.so

| i bBrokenLocal e

I i bSegFaul t
['i banl

i bc
Iibcrypt

['i bdl

i bg

i bm

i brcheck

I i bmenusage
['i bnsl
['ibnss

i bpcprofile
I i bpt hread
i bresolv

l'ibrt

I'i bt hread_db
[ibutil
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Dump information generated by PC profiling

Lists dynamic shared objects used by running processes

A statically linked In program

Traces shared library procedure calls of a specified command
Reads and displays shared object profiling data

Asks the user about the location of the system and reports the corresponding time zone
description

Traces the execution of a program by printing the currently executed function
The time zone dumper

The time zone compiler

The helper program for shared library executables

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. 30/ | ocal e/ broken_cur _nax. c
for more information

The segmentation fault signal handler, used by catchsegv

An asynchronous name lookup library

Themain C library

The cryptography library

The dynamic linking interface library

Dummy library containing no functions. Previously was a runtime library for g++
The mathematical library

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

The Name Service Switch libraries, containing functionsfor resolving host names, user names,
group names, aliases, services, protocols, etc.

Can be preloaded to PC profile an executable
The POSIX threads library

Contains functionsfor creating, sending, and interpreting packetsto the Internet domain name
servers

Contains functions providing most of the interfaces specified by the POSIX.1b Realtime
Extension

Contains functions useful for building debuggers for multi-threaded programs
Contains code for “standard” functions used in many different Unix utilities
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6.10. Adjusting the Toolchain

Now that thefinal C librarieshave beeninstalled, it istimeto adjust the toolchain so that it will link any newly compiled
program against these new libraries.

First, backup the/ t ool s linker, and replace it with the adjusted linker we made in chapter 5. We'll also create alink
to itscounterpartin/ t ool s/ $(unane -m - pc- I i nux-gnu/ bi n:

mv -v /tools/bin/{ld,Id-old}

mv -v /tool s/$(unanme -n)-pc-Ilinux-gnu/bin/{ld,Id-old}

mvy -v /tools/bin/{ld-new, | d}

In -sv /tools/bin/ld /tool s/$(uname -n)-pc-1linux-gnu/bin/ld

Next, amend the GCC specs file so that it points to the new dynamic linker. Simply deleting all instances of “/tools”
should leave us with the correct path to the dynamic linker. Also adjust the specsfile so that GCC knows whereto find
the correct headers and Glibc start files. A sed command accomplishesthis:

gcc -dunpspecs | sed -e 's@tool s@y' \
-e '/\*startfile_prefix_spec:/{n;s@*@usr/libl @' \
-e '"/\*cpp:/{n;s@@-isystem/usr/include@' > \

“dirname $(gcc --print-libgcc-file-nane) /specs
It isagood ideato visually inspect the specs file to verify the intended change was actually made.

It is imperative at this point to ensure that the basic functions (compiling and linking) of the adjusted toolchain are
working as expected. To do this, perform the following sanity checks:

echo '"int main(){}' > dumy.c
cc dummy.c -v -W, --verbose & dummy. | og
readelf -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
dynamic linker name):

[ Requesting programinterpreter: /1ib64/1d-1inux-x86-64.so0. 2]

Note that on 64-bit systems/ | i b isthe location of our dynamic linker, but is accessed viaa symbolic link in /lib64.

% Note
On 32-bit systems the interpreter should be /lib/Id-linux.so.2.
Now make sure that we're setup to use the correct start files:
grep -o '/usr/lib.*/crt[1lin].*succeeded" dummy.|og
The output of the last command should be:

fusr/lib/../lib/crtl.o succeeded
fusr/lib/../libl/crti.o succeeded
fusr/lib/../lib/crtn.o succeeded
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Verify that the compiler is searching for the correct header files:

grep -B1 "~ Jusr/include' dummy. | og

This command should return the following output:

#i ncl ude <...> search starts here:
{fusr/incl ude

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/1ib")
SEARCH DI R("/1ib")

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

grep "/lib.*/libc.so.6 " dunmy. | og

The output of the last command should be:

attenpt to open /lib/libc.so.6 succeeded

Lastly, make sure GCC is using the correct dynamic linker:

grep found dumy. | og

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

found | d-1inux-x86-64.s0.2 at /lib/ld-Iinux-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. The most likely reason is that something went
wrong with the specs file adjustment. Any issues will need to be resolved before continuing with the process.

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

rm-v dummy.c a.out dummy. | og
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6.11. Zlib-1.2.11

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

Approximate build time:  lessthan 0.1 SBU
Required disk space: 51MB

6.11.1. Installation of Zlib
Prepare Zlib for compilation:

./lconfigure --prefix=/usr

Compile the package:

make

To test the results, issue:

make check

Install the package:

make i nstal l

The shared library needsto be movedto/ | i b, and asaresultthe. so filein/ usr /| i b will need to be recreated:

nmv -v /usr/lib/libz.so.* /lib
In -sfv ../../lib/$(readlink /usr/lib/libz.so) /usr/lib/libz.so

6.11.2. Contents of Zlib
Installed libraries: libz.{ a,s0}

Short Descriptions

i bz Contains compression and decompression functions used by some programs
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6.12. File-5.37

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

Approximate build time: 0.1 SBU
Required disk space: 19 MB

6.12.1. Installation of File

Prepare File for compilation:

./lconfigure --prefix=/usr

Compile the package:

make

To test the results, issue:

make check

Install the package:

make i nstal l

6.12.2. 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

I i bmagi ¢ Contains routines for magic number recognition, used by the file program
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6.13. Readline-8.0

The Readline package is a set of libraries that offers command-line editing and history capabilities.

Approximate build time: 0.1 SBU
Required disk space: 15MB

6.13.1. Installation of Readline

Reinstalling Readline will cause the old libraries to be moved to <libraryname>.old. While this is normaly not a
problem, in some casesit can trigger alinking bug in ldconfig. This can be avoided by issuing the following two seds:

sed -i '"/MW.*old/d" Makefile.in
sed -i '/{OLDSUFF}/c:"' support/shlib-install

Prepare Readline for compilation:

./ configure --prefix=/usr \
--di sabl e-static \
--docdi r=/usr/share/doc/readline-8.0

Compile the package:

make SHLIB LIBS="-L/tools/lib -I|ncursesw

The meaning of the make option:

SHLIB LIBS="-L/tools/lib -Incursesw'
This option forces Readlineto link against thel i bncur seswlibrary.

This package does not come with atest suite.

Install the package:

make SHLIB LIBS="-L/tools/lib -lncursesw' install

Now move the dynamic libraries to a more appropriate location and fix up some permissions and symbolic links:

nv -v /usr/lib/lib{readline, history}.so.* /lib

chnmod -v u+w /lib/lib{readline, history}.so.*

In -sfv ../../lib/$(readlink /usr/lib/libreadline.so) /usr/lib/libreadline.so
In -sfv ../../lib/$(readlink /usr/lib/libhistory.so ) /usr/lib/libhistory.so

If desired, install the documentation:

install -v -nb44 doc/*.{ps, pdf,htm ,dvi} /usr/share/doc/readline-8.0

6.13.2. Contents of Readline

Installed libraries: libhistory.so and libreadline.so
Installed directories; /usr/include/readline and /usr/share/doc/readline-8.0

Short Descriptions

i bhistory  Providesaconsistent user interface for recalling lines of history
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I'i breadl i ne Providesaset of commands for manipulating text entered in an interactive session of a program.
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6.14. M4-1.4.18

The M4 package contains a macro processor.

Approximate build time: 0.4 SBU
Required disk space: 33MB

6.14.1. Installation of M4
First, make some fixes required by glibc-2.28:

sed -i '"s/1Oftrylockfile/lO EOF_ SEEN' lib/*.c
echo "#define _|1 O IN BACKUP 0x100" >> |ib/stdio-inpl.h

Prepare M4 for compilation:

./lconfigure --prefix=/usr

Compile the package:

make

To test the results, issue:

make check

Install the package:

make i nstal l

6.14.2. 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 itsown right.]
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6.15. Bc-2.1.3

The Bc package contains an arbitrary precision numeric processing language.

Approximate build time: 0.1 SBU
Required disk space: 2.8MB

6.15.1. Installation of Bc

Prepare Bc for compilation:

PREFI X=/ usr CC=gcc CFLAGS="-std=c99" ./configure.sh -G -3

The meaning of the configure options:
CC=gcc CFLAGS="-st d=c99"
These parameters specify the compiler and C standard to use.
-3
Specify the optimization to use.
-G
Omit parts of the test suite that won't work without a GNU bc present.
Compile the package:

make

To test be, run:

make test

Install the package:

make i nstal l

6.15.2. 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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6.16. Binutils-2.32

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

Approximate build time: 7.4 SBU
Required disk space: 5.1GB

6.16.1. Installation of Binutils
Verify that the PTY s are working properly inside the chroot environment by performing a simple test:
expect -c "spawn |s"
This command should output the following:
spawn | s

If, instead, the output includes the message below, then the environment is not set up for proper PTY operation. This
issue needs to be resolved before running the test suites for Binutils and GCC:

The system has no nore ptys.
Ask your system adm nistrator to create nore.

Now remove one test that prevents the tests from running to completion:
sed -i '/ @tincrenental copy/d gold/testsuite/ Makefile.in
The Binutils documentation recommends building Binutils in a dedicated build directory:

nkdir -v build
cd bui |l d

Prepare Binutils for compilation:

../configure --prefix=/usr \
--enabl e-gol d \
--enabl e- | d=defaul t \
- -enabl e- pl ugi ns \
- - enabl e- shar ed \
- - di sabl e-werror \
--enabl e-64-bit-bfd \

--with-systemzlib

The meaning of the configure parameters:

--enabl e-gol d
Build the gold linker and install it asld.gold (along side the default linker).

--enabl e-| d=def aul t
Build the original bdf linker and install it as both Id (the default linker) and |d.bfd.

- -enabl e- pl ugi ns
Enables plugin support for the linker.
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--enabl e-64-bit-bfd

Enables 64-bit support (on hosts with narrower word sizes). May not be needed on 64-bit systems, but does no
harm.

--wth-systemzlib
Usetheinstalled zlib library rather than building the included version.

Compile the package:

make 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-
unknown- | i nux- gnu. Because thisis a custom system, this target-specific directory in/ usr isnot required.
$(exec_prefix)/ $(target alias) wouldbeusedif the system was used to cross-compile (for example,
compiling a package on an Intel machine that generates code that can be executed on PowerPC machines).

1 I mportant

The test suite for Binutilsin this section is considered critical. Do not skip it under any circumstances.

Test the results:

make -k check

The PC-relative offset test and the debug_msg.sh test may fail in the LFS environment.
Install the package:

make tool di r=/usr install

6.16.2. Contents of Binutils

Installed programs: addr2line, ar, as, c++filt, dwp, elfedit, gprof, Id, Id.bfd, Id.gold, nm, objcopy, objdump,
ranlib, readelf, size, strings, and strip

Installed libraries: libbfd.{a,s0} and libopcodes{a,so}

Installed directory: usr/lib/ldscripts

Short Descriptions

addr2line Trandates 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

ar Creates, modifies, and extracts from archives

as An assembler that assembles the output of gcc into object files

c++Hfilt Used by the linker to de-mangle C++ and Java symbols and to keep overloaded functions from
clashing

dwp The DWARF packaging utility
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strip
l'i bbfd
| i bopcodes
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Updates the ELF header of ELF files
Displays call graph profile data

A linker that combines a number of object and archive files into a single file, relocating their data
and tying up symbol references

A cut down version of Id that only supports the elf object file format
Hard link to Id

Lists the symbols occurring in a given object file

Trandates one type of object file into another

Displays information 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 rel ocatable object files

Displaysinformation about ELF type binaries
Lists the section sizes and the total size for the given object files

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 strings from the initializing
and loading sections while for other types of files, it scans the entire file

Discards symbols from object files
The Binary File Descriptor library

A library for dealing with opcodes—the “readable text” versions of instructions for the processor; it
isused for building utilities like objdump
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6.17. GMP-6.1.2

The GMP package contains math libraries. These have useful functions for arbitrary precision arithmetic.

Approximate build time: 1.2 SBU
Required disk space: 61 MB

6.17.1. 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 =32 ./configure ...

% Note
’ 4

The default settings of GMP produce libraries optimized for the host processor. If libraries suitable for
processors less capable than the host's CPU are desired, generic libraries can be created by running the
following:

cp -v configfsf.guess config. guess
cp -v configfsf.sub config.sub

Prepare GMP for compilation:

./configure --prefix=/usr \
- - enabl e- cxx \
--di sabl e-static \
--docdi r=/usr/share/ doc/ gnp-6.1.2

The meaning of the new configure options:

- - enabl e- cxx

This parameter enables C++ support
--docdir=/usr/share/ doc/ gnp-6.1.2

This variable specifies the correct place for the documentation.

Compile the package and generate the HTML documentation:

make
make htni

1 I mportant

The test suite for GMP in this section is considered critical. Do not skip it under any circumstances.

Test the results:

make check 2>&1 | tee gnp-check-1og
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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 libraries with the message "lllegal instruction”. In this case, gmp should be reconfigured with
the option --build=x86_64-unknown-linux-gnu and rebuilt.

Ensure that all 190 testsin the test suite passed. Check the results by issuing the following command:

awk '/ # PASS:/{total +=$3} ; END{print total}' gnp-check-Iog

Install the package and its documentation:

make i nstal l
make i nstall-htnl

6.17.2. Contents of GMP

Installed Libraries: libgmp.so and libgmpxx.so
Installed directory: /usr/share/doc/gmp-6.1.2

Short Descriptions

i bgnp Contains precision math functions
I i bgnmpxx Contains C++ precision math functions
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6.18. MPFR-4.0.2

The MPFR package contains functions for multiple precision math.

Approximate build time: 0.9 SBU
Required disk space: 37MB

6.18.1. Installation of MPFR
Prepare MPFR for compilation:

./lconfigure --prefix=/usr \
--di sabl e-static \
--enabl e-t hread-safe \
- -docdir=/usr/share/doc/ npfr-4.0.2

Compile the package and generate the HTML documentation:

make
make htni

'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 tests passed:

make check

Install the package and its documentation:

make i nstal l
make i nstall-htm

6.18.2. Contents of MPFR

Installed Libraries: libmpfr.so
Installed directory: lusr/share/doc/mpfr-4.0.2

Short Descriptions

I i bnpfr Contains multiple-precision math functions
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6.19. MPC-1.1.0

The MPC package contains alibrary for the arithmetic of complex numbers with arbitrarily high precision and correct
rounding of the result.

Approximate build time: 0.3 SBU
Required disk space: 22 MB

6.19.1. Installation of MPC
Prepare MPC for compilation:

./lconfigure --prefix=/usr \
--di sabl e-static \
--docdir=/usr/share/ doc/npc-1.1.0

Compile the package and generate the HTML documentation:

make
make htni

To test the results, issue:

make check

Install the package and its documentation:

make i nstal l
make i nstall-htm

6.19.2. Contents of MPC

Installed Libraries: libmpc.so
Installed Directory: /usr/share/doc/mpc-1.1.0

Short Descriptions

I i bnpc Contains complex math functions
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6.20. Shadow-4.7

The Shadow package contains programs for handling passwords in a secure way.

Approximate build time: 0.2 SBU
Required disk space: 46 MB

6.20.1. Installation of Shadow

% Note
’ 4

If you would like to enforce the use of strong passwords, refer to http://mww.linuxfromscratch.or g/blfs/view/
9.0/postifs/cracklib.html for installing CrackLib prior to building Shadow. Then add - - wi t h- 1 i bcr ack
to the configure command below.

Disable the installation of the gr oups program and its man pages, as Coreutils provides a better version. Also Prevent
the installation of manual pages that were already installed in Section 6.8, “Man-pages-5.02":

sed -i 's/groups$(EXEEXT) //' src/ Makefile.in

find man -nane Makefile.in -exec sed -i "s/groups\.1 / /' {} \;
find man -nane Makefile.in -exec sed -i 's/getspnam.3 / /' {} \;
find man -nanme Makefile.in -exec sed -i 's/passwd\.5 / /' {} \;

Instead of using the default crypt method, use the more secure SHA-512 method of password encryption, which also
allows passwords longer than 8 characters. It is also necessary to change the obsolete / var / spool / mai | location
for user mailboxes that Shadow uses by default tothe/ var / mai | location used currently:

sed -i -e 's@ENCRYPT _METHOD DES@ENCRYPT _METHOD SHA512@ \
-e '"s@var/spool/mail @var/mail @ etc/login.defs

% Note
If you chose to build Shadow with Cracklib support, run the following:

sed -i 's@l CTPATH. *@Dl CTPATH\t/ i b/ cracklib/pw dict@ etc/login.defs

Make aminor change to make the first group number generated by useradd 1000:

sed -i 's/1000/999/" etc/useradd

Prepare Shadow for compilation:

./configure --sysconfdir=/etc --wth-group-nane-nmax-| engt h=32
The meaning of the configur e option:

--w t h- group- name- nax- | engt h=32
The maximum user name is 32 characters. Make the maximum group name the same.

Compile the package:

make
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This package does not come with atest suite.

Install the package:
make i nstall
Move amisplaced program to its proper location:

mv -v /usr/bin/passwd /bin

6.20.2. Configuring Shadow

This package contains utilitiesto add, modify, and del ete users and groups; set and change their passwords; and perform
other administrative tasks. For afull explanation of what password shadowing means, seethe doc/ HOM Ofile within
the unpacked sourcetree. If using 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 need to 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 stock configuration for the useradd utility has a few caveats that need some explanation. First, the default
action for the useradd utility isto create the user and agroup of the same name asthe user. By default the user ID (UID)
and group ID (GID) numberswill begin with 1000. Thismeansif you don't pass parameters to user add, each user will
be a member of a unique group on the system. If this behavior is undesirable, you'll need to pass the - g parameter
to useradd. The default parameters are stored in the/ et ¢/ def aul t / user add file. You may need to modify two
parametersin thisfile to suit your particular needs.

[ et c/ def aul t / user add Parameter Explanations

GROUP=1000

This parameter sets the beginning of the group numbers used in the /etc/group file. Y ou can modify it to anything
you desire. Note that useradd will never reuse aUID or GID. If the number identified in this parameter is used,
it will use the next available number after this. Note also that if you don't have a group 1000 on your system the
first time you use useradd without the - g parameter, you'll get a message displayed on the terminal that says:
useradd: unknown G D 1000. You may disregard this message and group number 1000 will be used.

CREATE_MAI L_SPOOL=yes
This parameter causes user add to create amailbox file for the newly created user. useradd will make the group

ownership of thisfileto themai | group with 0660 permissions. If you would prefer that these mailbox files are
not created by useradd, issue the following command:

sed -i 's/yes/no/' /etc/default/useradd

6.20.3. Setting the root password
Choose a password for user root and set it by running:

passwd r oot
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6.20.4. Contents of Shadow

Installed programs.

Installed directory:

chage, chfn, chgpasswd, chpasswd, chsh, expiry, faillog, gpasswd, groupadd, groupdel,
groupmems, groupmod, grpck, grpconv, grpunconv, lastlog, 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

/etc/default

Short Descriptions

chage
chfn
chgpasswd
chpasswd
chsh
expiry
faillog

gpasswd
groupadd
groupde
groupmems

groupmod
grpck
grpconv

gr punconv
lastlog
login
logoutd
newgidmap
newgrp
newuidmap
newusers
nologin

passwd
pwck
pwconv
pwunconv

Used to change the maximum number of days between obligatory password changes
Used to change a user's full name and other information

Used to update group passwords in batch mode

Used to update user passwords in batch mode

Used to change a user's default login shell

Checks and enforces the current password expiration policy

Is used to examine the log of login failures, to set a maximum number of failures before an account
is blocked, or to reset the failure count

I's used to add and delete members and administrators to groups
Creates a group with the given name
Deletes the group with the given name

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 ¢/ gr oup and/ et ¢/ gshadow
Creates or updates the shadow group file from the normal group file
Updates/ et ¢/ gr oup from/ et ¢/ gshadow and then deletes the latter
Reports the most recent login of all users or of a given user

Is used by the system to let users sign on

Is a daemon used to enforce restrictions on log-on time and ports

Is 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

I's used to create or update an entire series of user accounts

Displays a message that an account is not available; it is designed to be used as the default shell for
accounts that have been disabled

I's 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 ¢/ passwd from/ et ¢/ shadow and then deletes the latter
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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 given user account

Is used to modify the given user's login name, User Identification (UID), shell, initial group, home
directory, etc.

Editsthe/ et ¢/ gr oup or/ et ¢/ gshadowfiles
Editsthe/ et ¢/ passwd or / et c/ shadowfiles
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6.21. GCC-9.2.0

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

Approximate build time: 95 SBU (with tests)
Required disk space: 4.2 GB

6.21.1. Installation of GCC

If building on x86_64, change the default directory name for 64-bit librariesto “lib”:

case $(unane -m 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:

SED=sed

../configure --prefix=/usr
- - enabl e- | anguages=c, c++
--disable-multilib
--di sabl e- boot strap
--With-systemzlib

— = = -

Notethat for other languages, there are some prerequisitesthat are not yet available. See the BLFSBook for instructions
on how to build all of GCC's supported languages.

The meaning of the new configure parameters:

SED=sed
Setting this environment variable prevents a hard-coded path to /tool s/bin/sed.

--With-systemzlib
This switch tells GCC to link to the system installed copy of the Zlib library, rather than its own internal copy.

Compile the package:

make

' I mportant

In this section, the test suite for GCC is considered critical. Do not skip it under any circumstance.
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One set of testsin the GCC test suite is known to exhaust the stack, so increase the stack size prior to running the tests:

ulimt -s 32768

Test the results as a non-privileged user, but do not stop at errors:

chown -Rv nobody .
su nobody -s /bin/bash -c "PATH=$PATH nake -k check"

To receive asummary of the test suite results, run:

../lcontrib/test_sunmmary

For only the summaries, pipe the output through gr ep - A7 Sunmm

Results can be compared with those located at http: //mwww.linuxfromscratch.org/Ifs/build-logs/9.0/ and https://gcc.gnul.
org/mi/gce-testresults.

Six tests related to get_time are known to fail. These are apparently related to theen HK locale.

Two tests named lookup.cc and reverse.cc in experimental/net are known to fail in LFS chroot environment because
they require /etc/hosts and iana-etc.

Two tests named pr57193.c and pr90178.c are known to fail.

A few unexpected failures cannot always be avoided. The GCC developers are usually aware of these issues, but have
not resolved them yet. Unless the test results are vastly different from those at the above URL, it is safe to continue.

Install the package and remove an unneeded directory:

make i nstall
rm-rf /usr/lib/gcc/$(gcc -dunpmachi ne)/9.2.0/incl ude-fixed/ bits/

The GCC build directory is owned by nobody now and the ownership of the installed header directory (and its
content) will be incorrect. Change the ownership to r oot user and group:

chown -v -R root:root \
[usr/1libl/gcc/*linux-gnu/9.2.0/include{,-fixed}

Create a symlink required by the FHSfor "historical” reasons.

In -sv ../usr/bin/fcpp /lib

Many packages use the name cc to call the C compiler. To satisfy those packages, create a symlink:

In -sv gcc /usr/bin/cc

Add a compatibility symlink to enable building programs with Link Time Optimization (LTO):

install -v -dnv55 /usr/lib/bfd-plugins
In -sfv ../../1ibexec/gcc/$(gcc -dunprmachine)/9.2.0/1iblto_plugin.so \
[usr/1i b/ bfd-plugins/
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Now that our final toolchainisin place, it isimportant to again ensure that compiling and linking will work as expected.
We do this by performing the same sanity checks as we did earlier in the chapter:

echo "int main(){}' > dumy.c
cc dunmmy.c -v -W,--verbose & dummy. | og
readelf -1 a.out | grep ': /lib

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

[ Requesting programinterpreter: /1ib64/1d-1inux-x86-64.so0. 2]
Now make sure that we're setup to use the correct start files:

grep -o '/usr/lib.*/crt[1lin].*succeeded" dummy.| og

The output of the last command should be:

[fusr/1lib/lgcc/x86_64-pc-linux-gnu/9.2.0/../../../../liblcrtl.o succeeded
[usr/1lib/lgcc/x86_64-pc-linux-gnu/9.2.0/../../../../liblcrti.o succeeded
[usr/1lib/lgcc/x86_64-pc-linux-gnu/9.2.0/../../../../liblcrtn.o succeeded

Depending on your machine architecture, the above may differ dightly, the difference usually being the name of the
directory after / usr/1i b/ gcc. The important thing to look for here is that gcc has found al threecrt *. o files
under the/ usr /1 i b directory.

Verify that the compiler is searching for the correct header files:
grep -B4 '~ [usr/include' dumry.|og
This command should return the following output:

#i nclude <...> search starts here:
lusr/1libl/lgcc/x86_64-pc-1inux-gnu/9.2.0/include
[usr/1ocal/include
lusr/1lib/lgcc/x86 _64-pc-I1inux-gnu/9.2.0/include-fixed
[usr/include

Again, note that the directory named after your target triplet may be different than the above, depending on your
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 /lib64")

SEARCH DI R("/1i b64")

SEARCH DI R("/usr/1ib64")

SEARCH DI R("/usr/x86_64-pc-I|inux-gnu/lib")
SEARCH DI R("/usr/local/lib")

SEARCH DI R("/1ib")

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

122



Linux From Scratch - Version 9.0-systemd

A 32-bit system may see afew different directories. For example, here is the output from an 1686 machine:

SEARCH_DI R("
SEARCH_DI R("
SEARCH_DI R("
SEARCH_DI R("
SEARCH_DI R("
SEARCH_DI R("
SEARCH_DI R("
SEARCH_DI R("

[usr/i686-pc-1inux-gnu/lib32")
[usr/local/lib32")

/1ib32")

[usr/lib32")
[usr/i686-pc-1inux-gnu/lib")

[usr/local/lib")
/1ib")
fusr/lib");

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

grep "/lib.*/libc.so.6 " dunmy. | og

The output of the last command should be:

attenpt to open /lib/libc.so.6 succeeded

Lastly, 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 | d-1inux-x86-64.s0.2 at /lib/ld-Ilinux-x86-64.so0.2

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. The most likely reason is that something went
wrong with the specs file adjustment. Any issues will need to be resolved before continuing with the process.

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

rm-v dummy.c a.out dunmy.| og

Finally, move a misplaced file:

nkdir -pv /usr/share/ gdb/auto-load/usr/lib
mv -v /usr/lib/*gdb.py /usr/share/gdb/auto-load/usr/lib

6.21.2. Contents of GCC

Installed programs: c++, cc (link to gcc), cpp, g++, gce, gee-ar, gee-nm, gee-ranlib, gecov, gcov-dump, and
gcov-tool
Installed libraries: libasan.{a,s0}, libatomic.{ a,s0}, libccl.so, libgcee.a, libgee _eh.a, libgec s.so, libgcov.a,

libgomp.{aso}, libitm.{aso}, liblsan.{aso}, liblto plugin.so, libquadmath.{a,so},
libssp.{ a,s0}, libssp_nonshared.a, libstdc++.{ a,s0}, libstdc++fs.a, libsupc++.a, libtsan.
{a,so}, and libubsan.{ a,s0}

Installed directories: lusr/include/c++, /usr/lib/gec, /usr/libexec/gcee, and /usr/share/gec-9.2.0

Short Descriptions

ct++

The C++ compiler
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cc
cpp

g++
gcc
gcc-ar

gcc-nm
gce-ranlib
gcov

gcov-dump
gcov-tool

| i basan
i bat om c
libccl

I i bgcc

I i bgcov

I i bgonp

i bl san
[iblto_plugin

I i bquadnmat h
I'ibssp

i bstdc++
i bstdc++fs
i bsupc++
i btsan

[ i bubsan
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The C compiler

The C preprocessor; it is used by the compiler to expand the #include, #define, and similar
statements in 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 most effect

Offline gcda and gcno profile dump tool

Offline gcda profile processing tool

The Address Sanitizer runtime library

GCC atomic built-in runtime library

The C preprocessing library

Contains run-time support for gcc

Thislibrary islinked in to 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

The Leak Sanitizer runtime library

GCC's Link Time Optimization (LTO) plugin allows GCC to perform optimizations across
compilation units

GCC Quad Precision Math Library API

Contains routines supporting GCC's stack-smashing protection functionality
The standard C++ 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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6.22. 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: 7.7MB

6.22.1. 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 \)$(PREFI X)/bin/@1@ Mkefile
Ensure the man pages are installed into the correct location:

sed -i "s@PREFI X)/ man@ PREFI X) / shar e/ man@" Makefile

Prepare Bzip2 for compilation with:

make -f Makefile-1ibbz2 so
make cl ean

The meaning of the make parameter:

-f Makefile-libbz2_so
Thiswill cause Bzip2 to be built using adifferent Makef i | e file, inthiscasetheMakefi |l e-1i bbz2_sofile,
which createsadynamic| 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 bzip2 binary into the/ bi n directory, make some necessary symbolic links, and clean up:

cp -Vv bzip2-shared /bin/bzip2

cp -av libbz2.so* /lib

In -sv ../../1ib/libbz2.s0.1.0 /usr/lib/libbz2.so
rm-v /usr/bin/{bunzip2, bzcat, bzi p2}

I n -sv bzip2 /bin/bunzip2

In -sv bzip2 /bin/bzcat

6.22.2. Contents of Bzip2

Installed programs: 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

Installed libraries: libbz2.{ a,50}

Installed directory: lusr/share/doc/bzip2-1.0.8
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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 algorithm 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

i bbz2 The library implementing lossless, block-sorting data compression, using the Burrows-Wheeler
algorithm
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6.23. Pkg-config-0.29.2

The pkg-config package contains a tool for passing the include path and/or library paths to build tools during the
configure and make file execution.

Approximate build time: 0.4 SBU
Required disk space: 30 MB

6.23.1. Installation of Pkg-config
Prepare Pkg-config for compilation:

./lconfigure --prefix=/usr \
--with-internal-glib \
- - di sabl e- host -t ool \
- -docdi r =/ usr/ shar e/ doc/ pkg-confi g-0. 29. 2

The meaning of the new configur e options:
--with-internal-glib
Thiswill allow pkg-config to use itsinternal version of Glib because an external version is not availablein LFS.
- - di sabl e- host -t ool
This option disables the creation of an undesired hard link to the pkg-config program.

Compile the package:

make

To test the results, issue:

make check

Install the package:

make i nstal l

6.23.2. Contents of Pkg-config

Installed program: pkg-config
Installed directory: /usr/share/doc/pkg-config-0.29.2

Short Descriptions

pkg-config Returns metainformation for the specified library or package
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6.24. Ncurses-6.1

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

Approximate build time: 0.4 SBU
Required disk space: 42 MB

6.24.1. Installation of Ncurses
Don'tinstall astatic library that is not handled by configure:

sed -i '/LIBTOOL | NSTALL/d' c++/ Makefile.in

Prepare Ncurses for compilation:

./configure --prefix=/usr
--mandi r =/ usr/ shar e/ man
--wth-shared
--W t hout - debug
--w t hout - nor mal
--enabl e-pc-files
--enabl e-wi dec

— e e o — —

The meaning of the new configure options:

- -enabl e-w dec
This switch causes wide-character libraries (e.g., | i bncur sesw. so. 6. 1) to be built instead of normal ones
(eg., i bncurses. so. 6. 1). These wide-character libraries are usable in both multibyte and traditional 8-bit
locales, while normal librarieswork properly only in 8-bit locales. Wide-character and normal libraries are source-
compatible, but not binary-compatible.

--enabl e-pc-files
This switch generates and installs .pc files for pkg-config.

--w t hout - nor mal
This switch disables building and installing most static libraries.

Compile the package:

make

This package has atest suite, but it can only be run after the package has been installed. The testsresidein thet est /
directory. See the README file in that directory for further details.

Install the package:

make i nstal l

Move the shared librariesto the/ | i b directory, where they are expected to reside:

my -v /usr/lib/libncursesw. so.6* /lib

Because the libraries have been moved, one symlink points to a non-existent file. Recreate it:

In -sfv ../../lib/$(readlink /usr/lib/libncursesw. so) /usr/lib/libncursesw. so
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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 and linker scripts:

for lib in ncurses form panel nenu ; do

rm - vf fusr/lib/lib${lib}.so

echo "INPUT(-1${lib}w" > /usr/lib/lib${lib}.so

In -sfv ${Iib}w pc /usr/1ibl/pkgconfig/ ${lib}.pc
done

Finally, make sure that old applications that ook for - | cur ses at build time are still buildable:

rm - vf fusr/lib/libcursesw. so
echo "I NPUT(-1 ncursesw)" > /usr/lib/libcursesw. so
In -sfv |ibncurses. so fusr/lib/libcurses. so

If desired, install the Ncurses documentation:

nkdir -v [ usr/ shar e/ doc/ ncurses-6.1
cp -v -R doc/* /[usr/share/doc/ ncurses-6.1

% Note
V 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
./configure --prefix=/usr \
--W t h-shared \
--W t hout - normal \
--W t hout - debug \
--W t hout - cxx- bi ndi ng \
--W t h-abi -versi on=5
make sources |ibs
cp -av lib/lib*.so.5* Jusr/lib

6.24.2. Contents of Ncurses

Installed programs: captoinfo (link totic), clear, infocmp, infotocap (link totic), ncursesw6-config, reset (link
to tset), tabs, tic, toe, tput, and tset
Installed libraries: libcursesw.so (symlink and linker script to libncursesw.so), libformw.so,

libmenuw.so, libncursesw.so, libncursest+w.a, libpanelw.so, and their non-wide-
character counterparts without "w" in the library names.
Installed directories. /usr/shareftabset, /usr/share/terminfo, and /usr/share/doc/ncurses-6.1

Short Descriptions

captoinfo Converts a termcap description into aterminfo description
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clear

infocmp
infotocap

ncur sesw6-config
r eset

tabs

tic

toe
tput

tset
| i bcur sesw
i bncur sesw

i bf or mw
i bmenuw
I i bpanel w
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Clears the screen, if possible

Compares or prints out terminfo descriptions

Converts a terminfo description into atermcap description
Provides configuration information for ncurses
Reinitializes atermina to its default values

Clears and sets tab stops on aterminal

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
Alinktol i bncur sesw

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 functions to implement forms
Contains functions to implement menus
Contains functions to implement panels
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6.25. Attr-2.4.48

The attr package contains utilities to administer the extended attributes on filesystem objects.

Approximate build time:  lessthan 0.1 SBU
Required disk space: 42 MB

6.25.1. Installation of Attr
Prepare Attr for compilation:

./lconfigure --prefix=/usr \
--di sable-static \
--sysconfdir=/etc \
--docdir=/usr/share/ doc/attr-2.4. 48

Compile the package:

make

The tests need to be run on a filesystem that supports extended attributes such as the ext2, ext3, or ext4 filesystems.
To test the results, issue:

make check

Install the package:

make i nstal l

The shared library needsto be movedto/ | i b, and asaresultthe. so filein/ usr /| i b will need to be recreated:

nv -v /usr/lib/libattr.so.* /lib
In -sfv ../../lib/$(readlink /usr/lib/libattr.so) /usr/lib/libattr.so

6.25.2. Contents of Attr

Installed programs: attr, getfattr, and setfattr
Installed library: libattr.so
Installed directories: /usr/include/attr and /usr/share/doc/attr-2.4.48

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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6.26. Acl-2.2.53

The Acl package contains utilities to administer Access Control Lists, which are used to define more fine-grained
discretionary accessrights for files and directories.

Approximate build time:  lessthan 0.1 SBU
Required disk space: 6.4 MB

6.26.1. Installation of Acl
Prepare Acl for compilation:

./lconfigure --prefix=/usr \
--disable-static \
--libexecdir=/usr/lib \
--docdir=/usr/share/ doc/acl -2.2.53

Compile the package:

make

The Acl tests need to be run on a filesystem that supports access controls after Coreutils has been built with the Acl
libraries. If desired, return to this package and run make check after Coreutils has been built later in this chapter.

Install the package:

make i nstal l

The shared library needsto bemovedto/ | i b, and asaresult the. so filein/ usr /| i b will need to be recreated:

nmv -v /usr/lib/libacl.so.* /lib
In -sfv ../../lib/$(readlink /usr/lib/libacl.so) /usr/lib/libacl.so

6.26.2. Contents of Acl

Installed programs: chacl, getfacl, and setfacl
Installed library: libacl.so
Installed directories: /usr/include/acl and /usr/share/doc/acl-2.2.53

Short Descriptions

chacl Changes the access control list of afile or directory

getfacl Gets file access control lists

setfacl Setsfile access control lists

I i bacl Contains the library functions for manipulating Access Control Lists
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6.27. Libcap-2.27

The Libcap package implements the user-spaceinterfacesto the POSI X 1003.1e capabilitiesavailablein Linux kernels.
These capabilities are a partitioning of the all powerful root privilege into a set of distinct privileges.

Approximate build time:  lessthan 0.1 SBU
Required disk space: 1.5MB

6.27.1. Installation of Libcap
Prevent astatic library from being installed:

sed -i '/install.*STALI BNAME/ d' |ibcap/ Makefile

Compile the package:

make

This package does not come with atest suite.

Install the package:

make RAI SE_SETFCAP=no lib=lib prefix=/usr install
chnmod -v 755 /usr/lib/libcap.so.2.27

The meaning of the make option:

RAI SE_SETFCAP=Nn0

This parameter skips trying to use setcap on itself. This avoids an installation error if the kernel or file system
does not support extended capabilities.

lib=lib
This parameter installs the library in $pr ef i x/ | i b rather than $pr ef i x/ | i b64 on x86_64. It has no effect
on x86.

The shared library needsto bemovedto/ | i b, and asaresult the. so filein/ usr /| i b will need to be recreated:

mv -v /usr/lib/libcap.so.* /lib
In -sfv ../../lib/$(readlink /usr/lib/libcap.so) /usr/lib/libcap.so

6.27.2. Contents of Libcap
Installed programs: capsh, getcap, getpcaps, and setcap
Installed library: libcap.so

Short Descriptions

capsh A shell wrapper to explore and constrain capability support

getcap Examinesfile capabilities

getpcaps Displays the capabilities on the queried process(es)

setcap Setsfile capabilities

i bcap Contains the library functions for manipulating POSIX 1003.1e capabilities
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6.28. Sed-4.7

The Sed package contains a stream editor.

Approximate build time: 0.4 SBU
Required disk space: 32MB

6.28.1. Installation of Sed

First fix an issue in the LFS environment and remove afailing test:

sed -i 's/usr/tool s/’ bui | d- aux/ hel p2man
sed -i 's/testsuite.panic-tests.sh//' Makefile.in

Prepare Sed for compilation:

./configure --prefix=/usr --bindir=/bin

Compile the package and generate the HTML documentation:

make
make htni

To test the results, issue:

make check

Install the package and its documentation:

make i nstal l
install -d -m/55 /{usr/ share/ doc/sed-4.7
install -nb44 doc/sed. html /usr/share/doc/sed-4.7

6.28.2. Contents of Sed

Installed program: sed
Installed directory: lusr/share/doc/sed-4.7

Short Descriptions

sed  Filtersand transforms text filesin asingle pass
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6.29. Psmisc-23.2

The Psmisc package contains programs for displaying information about running processes.

Approximate build time:  lessthan 0.1 SBU
Required disk space: 46 MB

6.29.1. Installation of Psmisc
Prepare Psmisc for compilation:

./lconfigure --prefix=/usr

Compile the package:

make

This package does not come with atest suite.

Install the package:

make i nstal l

Finally, movethekillall and fuser programs to the location specified by the FHS:

mv -v /usr/bin/fuser / bi n
mv -v /fusr/bin/killall /bin

6.29.2. 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

psiog 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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6.30. lana-Etc-2.30

The lana-Etc package provides data for network services and protocols.

Approximate build time:  lessthan 0.1 SBU
Required disk space: 2.3MB

6.30.1. Installation of lana-Etc

The following command converts the raw data provided by IANA into the correct formatsfor the/ et ¢/ pr ot ocol s
and/ et c/ servi ces datafiles:

make

This package does not come with atest suite.

Install the package:

make i nstall

6.30.2. Contents of lana-Etc
Installed files: /etc/protocols and /etc/services

Short Descriptions

[ etc/ protocol s Describesthevarious DARPA Internet protocols that are available from the TCP/IP subsystem

[ etc/services  Provides amapping between friendly textual names for internet services, and their underlying
assigned port numbers and protocol types
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6.31. Bison-3.4.1

The Bison package contains a parser generator.

Approximate build time: 0.3 SBU
Required disk space: 39MB

6.31.1. Installation of Bison

Firgt, fix abuild problem with the current version:

sed -i '6855 s/nv/cp/' Makefile.in

Prepare Bison for compilation:

./configure --prefix=/usr --docdir=/usr/share/doc/bison-3.4.1

Compile the package, but work around a race condition in the 