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FOREWORD

When I was asked to do a technical review on a book
about the Autotools, I was rather skeptical. Several
online tutorials and a few books already introduce
readers to the use of GNU Autoconf, Automake, and

Libtool. However, many of these texts are less than ideal in at least some
ways: They were either written several years ago and are starting to show their
age, contain at least some inaccuracies, or tend to be incomplete for typical
beginner’s tasks. On the other hand, the GNU manuals for these programs
are fairly large and rather technical, and as such, they may present a signifi-
cant entry barrier to learning your ways around the Autotools.

John Calcote began this book with an online tutorial that shared at least
some of the problems facing other tutorials. Around that time, he became a
regular contributor to discussions on the Autotools mailing lists, too. John
kept asking more and more questions, and discussions with him uncovered
some bugs in the Autotools sources and documentation, as well as some
issues in his tutorial.
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Foreword

Since that time, John has reworked the text a lot. The review uncovered
several more issues in both software and book text, a nice mutual benefit. As
a result, this book has become a great introductory text that still aims to be
accurate, up to date with current Autotools, and quite comprehensive in a
way that is easily understood.

Always going by example, John explores the various software layers, port-
ability issues and standards involved, and features needed for package build
development. If you’re new to the topic, the entry path may just have become
a bit less steep for you.

Ralf Wildenhues
Bonn, Germany
June 2010
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PREFACE

I've often wondered during the last ten years how it
could be that the only third-party book on the GNU
Autotools that I’ve been able to discover is GNU
AUTOCONE AUTOMAKE, and LIBTOOL by Gary
Vaughan, Ben Elliston, Tom Tromey, and Ian Lance
Taylor, affectionately known by the community as
The Goat Book (so dubbed for the front cover—an old-
fashioned photo of goats doing acrobatic stunts).’

I’ve been told by publishers that there is simply no market for such a
book. In fact, one editor told me that he himself had tried unsuccessfully to
entice authors to write this book a few years ago. His authors wouldn’t finish
the project, and the publisher’s market analysis indicated that there was very
little interest in the book. Publishers believe that open source software devel-
opers tend to disdain written documentation. Perhaps they’re right. Interest-
ingly, books on IT utilities like Perl sell like Perl’s going out of style—which is
actually somewhat true these days—and yet people are still buying enough

1. Vaughan, Elliston, Tromey, and Taylor, GNU Autoconﬁ Automake, and Libtool
(Indianapolis: Sams Publishing, 2000).
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Perl books to keep their publishers happy. All of this explains why there are
ten books on the shelf with animal pictures on the cover for Perl, but literally
nothing for open source software developers.

I’'ve worked in software development for 25 years, and I've used open
source software for quite some time now. I've learned a lot about open source
software maintenance and development, and most of what I've learned,
unfortunately, has been by trial and error. Existing GNU documentation is
more often reference material than solution-oriented instruction. Had there
been other books on the topic, I would have snatched them all up immediately.

What we need is a cookbook-style approach with the recipes covering
real problems found in real projects. First the basics are covered, sauces and
reductions, followed by various cooking techniques. Finally, master recipes
are presented for culinary wonders. As each recipe is mastered, the reader
makes small intuitive leaps—I call them minor epiphanies. Put enough of these
under your belt and overall mastery of the Autotools is ultimately inevitable.

Let me give you an analogy. I'’d been away from math classes for about
three years when I took my first college calculus course. I struggled the entire
semester with little progress. I understood the theory, but I had trouble
with the homework. I just didn’t have the background I needed. So the
next semester, I took college algebra and trigonometry back to back as half-
semester classes. At the end of that semester, I tried calculus again. This time
I did very well—finishing the class with a solid A grade. What was missing the
first time? Just basic math skills. You’d think it wouldn’t have made that much
difference, but it really does.

The same concept applies to learning to properly use the Autotools. You
need a solid understanding of the tools upon which the Autotools are built
in order to become proficient with the Autotools themselves.

Why Use the Autotools?

Preface

In the early 1990s, I was working on the final stages of my bachelor’s degree
in computer science at Brigham Young University. I took an advanced com-
puter graphics class where I was introduced to C++ and the object-oriented
programming paradigm. For the next couple of years, I had a love-hate rela-
tionship with C++. I was a pretty good C coder by that time, and I thought I
could easily pick up G++, as close in syntax as it was to C. How wrong I was!

I fought with the C++ compiler more often than I'd care to recall.

The problem was that the most fundamental differences between C
and C++ are not obvious to the casual observer, because they’'re buried
deep within the C++ language specification rather than on the surface in
the language syntax. The C++ compiler generates an amazing amount of
code beneath the covers, providing functionality in a few lines of C++ code
that require dozens of lines of C code.

Just as programmers then complained of their troubles with C++, so like-
wise programmers today complain about similar difficulties with the GNU
Autotools. The differences between make and Automake are very similar to
the differences between C and C++. The most basic single-line Makefile.am
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generates a Makefile.in (an Autoconf template) containing 300400 lines of
parameterized make script, and it tends to increase with each revision of the
tool as more features are added.

Thus, when you use the Autotools, you have to understand the under-
lying infrastructure managed by these tools. You need to take the time to
understand the open source software distribution, build, test, and installa-
tion philosophies embodied by—in many cases even enforced by—these
tools, or you’ll find yourself fighting against the system. Finally, you need to
learn to agree with these basic philosophies because you’ll only become frus-
trated if you try to make the Autotools operate outside of the boundaries set
by their designers.

Source-level distribution relegates to the end user a particular portion
of the responsibility of software development that has traditionally been
assumed by the software developer—namely, building products from source
code. But end users are often not developers, so most of them won’t know
how to properly build the package. The solution to this problem, from the
earliest days of the open source movement, has been to make the package
build and installation processes as simple as possible for the end user so that
he could perform a few well-understood steps to have the package built and
installed cleanly on his system.

Most packages are built using the make utility. It’s very easy to type make,
but that’s not the problem. The problem crops up when the package doesn’t
build successfully because of some unanticipated difference between the user’s
system and the developer’s system. Thus was born the ubiquitous configure
script—initially a simple shell script that configured the end user’s environ-
ment so that make could successfully find the required external resources
on the user’s system. Hand-coded configuration scripts helped, but they
weren’t the final answer. They fixed about 65 percent of the problems result-
ing from system configuration differences—and they were a pain in the neck
to write properly and to maintain. Dozens of changes were made incremen-
tally over a period of years, until the script worked properly on most of the
systems anyone cared about. But the entire process was clearly in need of an
upgrade.

Do you have any idea of the number of build-breaking differences there
are between existing systems today? Neither do I, but there are a handful of
developers in the world who know a large percentage of these differences.
Between them and the open source software community, the GNU Autotools
were born. The Autotools were designed to create configuration scripts and
makefiles that work correctly and provide significant chunks of valuable
end-user functionality under most circumstances, and on most systems—
even on systems not initially considered (or even conceived of) by the pack-
age maintainer.

With this in mind, the primary purpose of the Autotools is not to make
life simpler for the package maintainer (although it really does in the long
run). The primary purpose of the Autotools is to make life simpler for the end user.

Preface xix
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Preface

I'spent a long time and a lot of effort learning what I now know about the
Autotools. Most of this learning process was more painful than it really had
to be. I’ve written this book so that you won’t have to struggle to learn what
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@gmail.com. Good luck in your quest for a better software development
experience!
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INTRODUCTION

Few software developers would deny that
GNU Autoconf, Automake, and Libtool
(the Autotools) have revolutionized the open
source software world. But while there are many
thousands of Autotools advocates, there are also many

developers who hate the Autotools—with a passion.
The reason for this dread of the Autotools, I think, is that when you use the
Autotools, you have to understand the underlying infrastructure that they
manage. Otherwise, you'll find yourself fighting against the system.

This book solves this problem by first providing a framework for under-
standing the underlying infrastructure of the Autotools and then building
on that framework with a tutorial-based approach to teaching Autotools
concepts in a logically ordered fashion.
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Other build tools, such as the open source packages CMake and SCons,
attempt to provide the same functionality as the Autotools but in a more
user-friendly manner. However, the functionality these tools attempt to hide
behind GUI interfaces and script builders actually ends up making them less
functional.

Who Should Use the Autotools?

If you’re writing open source software that targets Unix or Linux systems, you
should absolutely be using the GNU Autotools, and even if you’re writing
proprietary software for Unix or Linux systems, you’ll still benefit significantly
from using them. The Autotools provide you with a build environment that
will allow your project to build successfully on future versions or distributions
with virtually no changes to the build scripts. This is useful even if you only
intend to target a single Linux distribution, because—Ilet’s be honest—you
really can’t know in advance whether or not your company will want your soft-
ware to run on other platforms in the future.

When Should You Not Use the Autotools?

Chapter 1

About the only time it makes sense not to use the Autotools is when you’re
writing software that will only run on non-Unix platforms, such as Microsoft
Windows. Although the Autotools have limited support for building Windows
software, it’s my opinion that the POSIX/FHS runtime environment embraced
by these tools is just too different from the Windows runtime environment to
warrant trying to shoehorn a Windows project into the Autotools paradigm.

Autotools support for Windows requires a Cygwin' or MSYS? environment
in order to work correctly, because Autoconf-generated configuration scripts
are Bourne-shell scripts, and Windows doesn’t provide a native Bourne shell.
Unix and Microsoft tools are just different enough in command-line options
and runtime characteristics that it’s often simpler to use Windows ports of GNU
tools, such as GCC or MinGW, to build Windows programs with an Autotools
build system.

I’ve seen truly portable build systems that use these environments and
tool sets to build Windows software using Autotools scripts that are common
between Windows and Unix. The shim libraries provided by portability envi-
ronments like Cygwin make the Windows operating system look POSIX enough
to pass for Unix in a pinch, but they sacrifice performance and functionality for
the sake of portability. The MinGW approach is a little better in that it targets the
native Windows API. In any case, these sorts of least-common-denominator
approaches merely serve to limit the possibilities of your code on Windows.

I've also seen developers customize the Autotools to generate build scripts
that use native (Microsoft) Windows tools. These people spend much of their
time tweaking their build systems to do things they were never intended to
do, in a hostile and foreign environment. Their makefiles contain entirely

1. Cygwin Information and Installation, Attp://www.cygwin.com/.
2. MinGW and MSYS, Minimalist GNU for Windows, http://www.mingw.org/.


http://www.it-ebooks.info/

different sets of functionality based on the target and host operating systems:
one set of code to build a project on Windows and another to build on
POSIX systems. This does not constitute a portable build system; it only por-
trays the vague illusion of one.

For these reasons, I focus exclusively in this book on using the Autotools
on POSIX-compliant platforms.

NOTE ['m not a typical Unix bigot. While I love Unix (and especially Linux), I also appreciate
Windows for the areas in which it excels.” For Windows development, T highly recommend
using Microsoft tools. The original reasons for using GNU tools to develop Windows
programs are more or less academic nowadays, because Microsoft has made the better
part of its tools available for download at no cost. (For download information, see
Microsoft Express at http:/ /www.microsoft.com/Express.)

Apple Platforms and Mac OS X

The Macintosh operating system has been POSIX compliant since 2002 when
Mac OS version 10 (OS X) was released. OS X is derived from NeXTSTEP/
OpenStep, which is based on the Mach kernel, with parts taken from FreeBSD
and NetBSD. As a POSIX-compliant operating system, OS X provides all the
infrastructure required by the Autotools. The problems you’ll encounter with
OS X will mostly likely involve Apple’s user interface and package-management
systems, both of which are specific to the Mac.

The user interface presents the same issues you encounter when dealing
with X Windows on other Unix platforms, and then some. The primary dif-
ference is that X Windows is used exclusively on most Unix systems, but Mac
OS has its own graphical user interface called Cocoa. While X Windows can be
used on the Mac (Apple provides a window manager that makes X applications
look a lot like native Cocoa apps), Mac programmers will sometimes wish to
take full advantage of the native user interface features provided by the oper-
ating system.

The Autotools skirt the issue of package management differences between
Unix platforms by simply ignoring it. They create packages that are little more
than compressed archives using the tar and gzip utilities, and they install and
uninstall products from the make command line. The Mac OS package manage-
ment system is an integral part of installing an application on an Apple system
and projects like Fink (Attp://www.finkproject.org/) and MacPorts (http://
www.macports.org/) help make existing open source packages available on the
Mac by providing simplified mechanisms for converting Autotools packages
into installable Mac packages.

The bottom line is that the Autotools can be used quite effectively on
Apple Macintosh systems running OS X or later, as long as you keep these
caveats in mind.

3. Hard core gamers will agree with me, I’'m sure. I’'m writing this book on a laptop running
Windows 7, but I'm using OpenOffice.org as my text editor, and I'm writing the book’s sample
code on my 3GHz 64-bit dual processor Opensuse 11.2 Linux workstation.

A Brief Introduction to the GNU Autotools 3
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The Choice of Language

Chapter 1

Your choice of programming language is another important factor to consider
when deciding whether to use the Autotools. Remember that the Autotools
were designed by GNU people to manage GNU projects. In the GNU com-
munity, there are two factors that determine the importance of a computer
programming language:

e Are there any GNU packages written in the language?
e Does the GNU compiler toolset support the language?

Autoconf provides native support for the following languages based on
these two criteria (by native support, I mean that Autoconf will compile, link,
and run source-level feature checks in these languages):

[ ) C

o C++

e Objective C
e Fortran

e Fortran 77
e Erlang

Therefore, if you want to build a Java package, you can configure Auto-
make to do so (as we’ll see in Chapters 8 and 9), but you can’t ask Autoconf
to compile, link, or run Java-based checks,* because Autoconf simply doesn’t
natively support Java. However, you can find Autoconf macros (which I will
cover in more detail in later chapters) that enhance Autoconf’s ability to
manage the configuration process for projects written in Java.

Open source software developers are actively at work on the gcj compiler
and toolset, so some native Java support may ultimately be added to Autoconf.
But as of this writing, gcj is still a bit immature, and very few GNU packages are
currently written in Java, so the issue is not yet critical to the GNU community.

Rudimentary support does exist in Automake for both GNU (gcj) and
non-GNU Java compilers and JVMs. I've used these features myself on projects
and they work well, as long as you don’t try to push them too far.

If you’re into Smalltalk, ADA, Modula, Lisp, Forth, or some other non-
mainstream language, you’re probably not too interested in porting your code
to dozens of platforms and CPUs. However, if you are using a non-mainstream
language, and you’re concerned about the portability of your build systems,
consider adding support for your language to the Autotools yourself. This
is not as daunting a task as you may think, and I guarantee that you’ll be an
Autotools expert when you’re finished.”

4. This statement is not strictly true: I've seen third-party macros that use the JVM to execute
Java code within checks, but these are usually very special cases. None of the built-in Autoconf
checks rely on a JVM in any way. Chapters 8 and 9 outline how you might use a JVM in an Autoconf
check. Additionally, the portable nature of Java and the Java virtual machine specification make
it fairly unlikely that you’ll need to perform a Java-based Autoconf check in the first place.

5. For example, native Erlang support made it into the Autotools because members of the
Erlang community thought it was important enough to add it themselves.
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Generating Your Package Build System

NOTE

The GNU Autotools framework includes three main packages: Autoconf,
Automake, and Libtool. The tools in these packages can generate code that
depends on utilities and functionality from the gettext, m4, sed, make, and perl
packages, among others.

With respect to the Autotools, it’s important to distinguish between a
maintainer’s system and an end user’s system. The design goals of the Autotools
specify that an Autotools-generated build system should rely only on tools
that are readily available and preinstalled on the end user’s machine. For
example, the machine a maintainer uses to create distributions requires a
Perl interpreter, but a machine on which an end-user builds products from
release distribution packages should not require Perl.

A corollary is that an end user’s machine doesn’t need to have the Autotools
installed—an end user’s system only requires a reasonably POSIX-compliant
version of make and some variant of the Bourne shell that can execute the
generated configuration script. And, of course, any package will also require
compilers, linkers, and other tools deemed necessary by the project maintainer
to convert source files into executable binary programs, help files, and other
runtime resources.

If you’ve ever downloaded, built, and installed software from a tarball—a
compressed archive with a .tar.gz, .tgz, .tarbz2, or other such extension—you’re
undoubtedly aware of the general process. It usually looks something like this:

$ gzip -cd hackers-delight-1.0.tar.gz | tar xvf -

$ cd hackers-delight-1.0
$ ./configure && make

$ sudo make install

If you've performed this sequence of commands, you probably know what they mean,
and you have a basic understanding of the software development process. If this is the
case, you'll have no trouble following the content of this book.

Most developers understand the purpose of the make utility, but what’s the
point of configure? While Unix systems have followed the de facto standard
Unix kernel interface for decades, most software has to stretch beyond these
boundaries.

Originally, configuration scripts were hand-coded shell scripts designed
to set variables based on platform-specific characteristics. They also allowed
users to configure package options before running make. This approach worked
well for decades, but as the number of Linux distributions and custom Unix sys-
tems grew, the variety of features and installation and configuration options
exploded, so it became very difficult to write a decent portable configuration
script. In fact, it was much more difficult to write a portable configuration script
than it was to write makefiles for a new project. Therefore, most people just

A Brief Introduction to the GNU Autotools 5
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created configuration scripts for their projects by copying and modifying the
script for a similar project.

In the early 1990s, it was apparent to many open source software devel-
opers that project configuration would become painful if something wasn’t
done to ease the burden of writing massive shell scripts to manage configura-
tion options. The number of GNU project packages had grown to hundreds,
and maintaining consistency between their separate build systems had become
more time consuming than simply maintaining the code for these projects.
These problems had to be solved.

Autoconf

NOTE

Chapter 1

Autoconf® changed this paradigm almost overnight. David MacKenzie started
the Autoconf project in 1991, but a look at the AUTHORS file in the Savannah
Autoconf project’ repository will give you an idea of the number of people
that had a hand in making the tool. Although configuration scripts were long
and complex, users only needed to specify a few variables when executing
them. Most of these variables were simply choices about components, features,
and options, such as: Where can the build system find libraries and header files?
Where do I want to install my finished products? Which optional components do I
want to build into my products?

Instead of modifying and debugging hundreds of lines of supposedly
portable shell script, developers can now write a short meta-script file using a
concise, macro-based language, and Autoconf will generate a perfect config-
uration script that is more portable, more accurate, and more maintainable
than a hand-coded one. In addition, Autoconf often catches semantic or logic
errors that could otherwise take days to debug. Another benefit of Autoconf
is that the shell code it generates is portable between most variations of the
Bourne shell. Mistakes made in portability between shells are very common,
and, unfortunately, are the most difficult kinds of mistakes to find, because
no one developer has access to all Bourne-like shells.

While scripting languages like Perl and Python are now more pervasive than the Bourne
shell, this was not the case when the idea for Autoconf was first conceived.

Autoconf-generated configuration scripts provide a common set of options
that are important to all portable software projects running on POSIX systems.
These include options to modify standard locations (a concept I’ll cover in
more detail in Chapter 2), as well as project-specific options defined in the
configure.ac file (which I’ll discuss in Chapter 3).

The autoconfpackage provides several programs, including the following:

e autoconf
e autoheader
e autom4te

6. For more on Autoconf origins, see the GNU webpage on the topic at kttp://www.gnu.org/
software/autocon.

7. See hitp://savannah.gnu.org/projects/autocon.
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e autoreconf
e autoscan
e autoupdate
e ifnames

avtoconf

autoconf is a simple Bourne shell script. Its main task is to ensure that the cur-
rent shell contains the functionality necessary to execute the M4 macro proces-
sor. (I'll discuss Autoconf’s use of M4 in detail in Chapter 3.) The remainder
of the script parses command-line parameters and executes autom4te.

avtoreconf

The autoreconf utility executes the configuration tools in the autoconf,
automake, and libtool packages as required by each project. autoreconf
minimizes the amount of regeneration required to address changes in
timestamps, features, and project state. It was written as an attempt to
consolidate existing maintainer-written, script-based utilities that ran all
the required Autotools in the right order. You can think of autoreconf as a
sort of smart Autotools bootstrap utility. If all you have is a configure.ac file,
you can run autoreconf to execute all the tools you need, in the correct
order, so that configure will be properly generated.

avtoheader

The autoheader utility generates a C/C++—compatible header file template
from various constructs in configure.ac. This file is usually called config.h.in.
When the end user executes configure, the configuration script generates
config.h from config.h.in. As maintainer, you’ll use autoheader to generate the
template file that you will include in your distribution package. (We’ll examine
autoheader in greater detail in Chapter 3.)

avtoscan

The autoscan program generates a default configure.ac file for a new project; it
can also examine an existing Autotools project for flaws and opportunities
for enhancement. (We’ll discuss autoscan in more detail in Chapters 3 and 8.)
autoscan is very useful as a starting point for a project that uses a non-Autotools-
based build system, but it may also be useful for suggesting features that might
enhance an existing Autotools-based project.

avtoupdate

The autoupdate utility is used to update configure.ac or the template (.in) files
to match the syntax supported by the current version of the Autotools.

A Brief Introduction to the GNU Autotools 7
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NOTE

Chapter 1

ifnames

The ifnames program is a small and generally underused utility that accepts a list
of source file names on the command line and displays a list of C-preprocessor

definitions on the stdout device. This utility was designed to help maintainers
determine what to put into the configure.ac and Makefile.am files to make them
portable. If your project was written with some level of portability in mind,
ifnames can help you determine where those attempts at portability are located
in your source tree and give you the names of potential portability definitions.

avfom4te

The automate utility is an intelligent caching wrapper for M4 that is used by
most of the other Autotools. The automate cache decreases the time successive
tools spend accessing configure.ac constructs by as much as 30 percent.

I'won’t spend a lot of time on autom4te (pronounced automate) because
it’s primarily used internally by the Autotools. The only sign that it’s working
is the autom4te.cache directory that will appear in your top-level project direc-
tory after you run autoconf or autoreconf.

Working Together

Of the tools listed above, autoconf and autoheader are the only ones project
maintainers will use directly when generating a configure script, and autoreconf
is the only one that the developer needs to directly execute. Figure 1-1
shows the interaction between input files and autoconf and autoheader that
generates the corresponding product files.

configure.ac | | !
(md/ shell autoconf m4 configure
(shell script) (binary) (shell script)

acsite.m4 || ’4
(m4 / shell)
— autom4te.cache autom4te
—— (cache directory) (perl script)
aclocal.m4 ||
el — 1

autoheader config.h.in
(perl script) (cpp / ac-vars)

I:’ Autotools-provided scripts |:| Generated scripts D User-provided data files D Generated data files

Figure 1-1: A data flow diagram for autoconf and autoheader

I will use the data flow diagram format shown in Figure 1-1 throughout this book.
Dark boxes represent objects provided either by the user or by an Autotools package.
Light boxes represent generated objects. Boxes with square corners are scripts, and boxes
with rounded corners are data files. The meaning of most of the labels here should be
obvious, but at least one deserves an explanation: The term ac-vars refers to Autoconf-
specific replacement text. I'll explain the gradient shading of the aclocal.m4 box shortly.

www.it-ebooks.info
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The primary task of this suite of tools is to generate a configuration script
that can be used to configure a project build directory. This script will not
rely on the Autotools themselves; in fact, autoconf is designed to generate
configuration scripts that will run on all Unix-like platforms and in most vari-
ations of the Bourne shell. This means that you can generate a configuration
script using autoconf and then successfully execute that script on a machine
that does not have the Autotools installed.

The autoconf and autoheader programs are executed either directly by the
user or indirectly by autoreconf. They take their input from your project’s
configure.ac file and various Autoconf-flavored M4 macro definition files,
using autom4te to maintain cache information. autoconf generates a configuration
script called configure, a very portable Bourne shell script that enables your
project to offer many useful configuration capabilities. autoheader generates
the config.h.in template based on certain macro definitions in configure. ac.

Automake

Once you’ve done it a few times, writing a basic makefile for a new project is
fairly simple. But problems may occur when you try to do more than just the
basics. And let’s face it—what project maintainer has ever been satisfied with
just a basic makefile?

Attention to detail is what makes an open source project successful. Users
lose interest in a project fairly easily—especially when functionality they expect
is missing or improperly written. For example, users have come to expect
makefiles to support certain standard targets or goals, specified on the make
command line, like this:

$ make install

Common make targets include all, clean, and install. In this example,
install is the target. But you should realize that none of these are real targets:
A real target is a filesystem object that is produced by the build system—usually a
file. When building an executable called doofabble, for instance, you’d expect
to be able to enter:

$ make doofabble

For this project, doofabbleis a real target, and this command works for the
doofabble project. However, requiring the user to enter real targets on the
make command line is asking a lot of them, because each project must be built
differently—make doofabble, make foodabble, make abfooble, and so on. Standard-
ized targets for make allow all projects to be built in the same way using com-
monly known commands like make all or make clean. But commonly known
doesn’t mean automatic, and writing and maintaining makefiles that support
these targets is tedious and error prone.

A Brief Introduction to the GNU Autotools 9
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Automake’s job is to convert a simplified specification of your project’s
build process into boilerplate makefile syntax that always works correctly the
first time and provides all the standard functionality expected. Automake creates
projects that support the guidelines defined in the GNU Coding Standards
(discussed in Chapter 2).

The automake package provides the following tools in the form of Perl
scripts:

e  automake
e aclocal

avtomake

The automake program generates standard makefile templates (named
Makefile.in) from high-level build specification files (named Makefile.am).
These Makefile.am input files are essentially just regular makefiles. If you were
to put only the few required Automake definitions in a Makefile.am file, you’d
get a Makefile.in file containing several hundred lines of parameterized make
script.

If you add additional make syntax to a Makefile.am file, Automake will
move this code to the most functionally correct location in the resulting
Makefile.in file. In fact, you can write your Makefile.am files so all they contain
is ordinary make script, and the resulting makefiles will work just fine. This
pass-through feature gives you the ability to extend Automake’s functionality
to suit your project’s specific requirements.

aclocal

In the GNU Automake Manual, the aclocal utility is documented as a temporary
work-around for a certain lack of flexibility in Autoconf. Automake extends
Autoconf by adding an extensive set of macros, but Autoconf was not really
designed with this level of extensibility in mind.

The original documented method for adding user-defined macros to an
Autoconf project was to create a file called aclocal. m4, place the user-defined
macros in this file, and place the file in the same directory as configure.ac. Auto-
conf then automatically included this file of macros while processing configure.ac.
The designers of Automake found this extension mechanism too useful to
pass up; however, users would have been required to add an m4_include state-
ment to a possibly unnecessary aclocal.m4 file in order to include the Automake
macros. Since both user-defined macros and M4 itself are considered advanced
concepts, this was deemed too harsh a requirement.

aclocal was designed to solve this problem—this utility generates an
aclocal.m4 file for a project that contains both user-defined macros and all
required Automake macros.® Instead of adding user-defined macros directly
to aclocal.m4, project maintainers should now add them to a new file called
acinclude.m4.

8. Automake macros are copied into this file, but the user-written acinclude.m4 file is merely
referenced with an m4_include statement at the end of the file.
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Libtool

To make it clear to readers that Autoconf doesn’t depend on Automake
(and perhaps due to a bit of stubbornness), the GNU Autoconf Manual doesn’t
make much mention of the aclocal utility. The GNU Automake Manual originally
suggested that you rename aclocal.m4 to acinclude.m4when adding Automake
to an existing Autoconf project, and this approach is still commonly used.
The flow of data for aclocal is depicted in Figure 1-2.

configure.ac
(m4 / shell)

acinclude.m4 | aclocal ,
(m4 / shell) (perl script) (m4 / shell)

m4/*.m4 files
(m4 / shell)

D Avutotools-provided scripts D User-provided data files D Generated data files

Figure 1-2: A data flow diagram for aclocal

However, the latest documentation for both Autoconf and Automake
suggests that the entire paradigm is now obsolete. Developers should now
specify a directory that contains a set of M4 macro files. The current recom-
mendation is to create a directory in the project root directory called m4 and
add macros as individual .m4 files to it. All files in this directory will be gath-
ered into aclocal.m4 before Autoconf processes configure.ac.’

It should now be more apparent why the aclocal.m+4 box in Figure 1-1
couldn’t decide which color it should be. When you’re using it without Auto-
make and Libtool, you write the aclocal.m4 file by hand. However, when you’re
using it with Automake, the file is generated by the aclocal utility, and you
provide project-specific macros either in acinclude.m4 or in an m4 directory.

How do you build shared libraries on different Unix platforms without add-
ing a lot of very platform-specific conditional code to your build system and
source code? This is the question that the libtool package tries to address.

There’s a significant amount of common functionality among Unix-like
platforms. However, one very significant difference has to do with how shared
libraries are built, named, and managed. Some platforms name their librar-
ies libname.so, others use libname.q or even libname.sl, and still others don’t
even provide native shared libraries. Some platforms provide /libdl.so to allow
software to dynamically load and access library functionality at runtime, while
others provide different mechanisms, and some platforms don’t provide this
functionality at all.

9. As with acinclude.m4, this gathering is virtual; aclocal.m4 merely contains m4_include statements
that reference these other files in place.

A Brief Introduction to the GNU Autotools 11
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The developers of Libtool have carefully considered all of these differences.
Libtool supports dozens of platforms, providing not only a set of Autoconf
macros that hide library naming differences in makefiles, but also offering
an optional library of dynamic loader functionality that can be added to
programs. This functionality allows maintainers to make their runtime, dynamic
shared-object management code more portable.

The libtool package provides the following programs, libraries, and
header file:

e libtool (program)

e libtoolize (program)

e [tdl (static and shared libraries)
e ltdl.h (header file)

libtool

The libtool shell script that ships with the libtool package is a generic version
of the custom script that libtoolize generates for a project.

libtoolize

The libtoolize shell script prepares your project to use Libtool. It generates a
custom version of the generic libtool script and adds it to your project directory.
This custom script is shipped with the project along with the Automake-
generated makefiles, which execute the script on the user’s system at the
appropriate time.

Itdl, the Libtool C API

The lbtool package also provides the ltdllibrary and associated header files,
which provide a consistent runtime shared-object manager across platforms.
The ltdllibrary may be linked statically or dynamically into your programs,
giving them a consistent runtime shared-library access interface between
platforms.

Figure 1-3 illustrates the interaction between the automake and 1libtool
scripts, and the input files used to create products that configure and build
your projects.

Automake and Libtool are both standard pluggable options that can be
added to configure.ac with just a few simple macro calls.
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automste __.|autom4te.cache Makefile.in
(perl script) (cache directory) (make / ac-vars)
configure.ac ' i !
fmé 7 shell COPYING
automake
(perl script) INSTALL
Makefile.am (text files)
(am / make) L g
' config.guess
libtoolize | | —| config.sub | Lse| install-sh
(shell script) (shell scripts)
missing
L_,| ltmain.sh
(shell script) depcomp
kinstalldi
D Autotools-provided scripts D User-provided data files m l(?hse” ?Cripts)ll’s

I:’ Generated scripts C] Generated data files

Figure 1-3: A data flow diagram for automake and 1ibtool

Building Your Package

As maintainer, you probably build your software packages fairly often, and
you’re also probably intimately familiar with your project’s components, archi-
tecture, and build system. However, you should make sure that your users’
build experiences are much simpler than your own. One way to do this is to
give users a simple, easy-to-understand pattern to follow when building your
software packages. In the following sections, I’ll show you the build pattern
provided by the Autotools.

Running configure

After running the Autotools, you’re left with a shell script called configure
and one or more Makefile.in files. These files are intended to be shipped with
your project release distribution packages. Your users will download these
packages, unpack them, and enter ./configure 8& make from the top-level
project directory. Then the configure script will generate makefiles (called
Makefile) from the Makefile.in templates created by automake and a config.h
header file from the config.h.in template generated by autoheader.

Automake generates Makefile.in templates rather than makefiles because
without makefiles, your users can’t run make; you don’t want them to run make
until after they’ve run configure, and this functionality guards against them
doing so. Makefile.in templates are nearly identical to makefiles you might write
by hand, except that you didn’t have to. They also do a lot more than most
people are willing to hand code. Another reason for not shipping ready-to-run
makefiles is that it gives configure the chance to insert platform characteristics
and user-specified optional features directly into the makefiles. This makes them
a better fit for their target platforms and the end user’s build preferences.

A Brief Introduction to the GNU Autotools 13
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NOTE

Chapter 1

Figure 1-4 illustrates the interaction between configure and the scripts it
executes during the configuration process in order to create the makefiles
and the config.h header file.

config.site configure config.log
(m4 / shell) (shell script) (text)
config.cache ii ‘

o . config.h
config.h.in config.status (cpp)
(cpp / acwvars) (shell script)

S Makefile
Makefile.in (make)
(make / ac-vars) con'Fig .sub

(shell scripts)
config.guess
1tmain.sh libtool
(shell script) (shell script)

D Autotools-provided scripts |:| Generated scripts D User-provided data files D Generated data files

Figure 1-4: A data flow diagram for configure

The configure script has a bidirectional relationship with another script
called config.status. You may have thought that your configure script generated
your makefiles. But actually, the only file (besides a log file) that configure
generates is config.status.

configure is designed to determine platform characteristics and features
available on the user’s system, as specified in configure.ac. Once it has this
information, it generates config.status, which contains all of the check results,
and then it executes this script. The config.status script, in turn, uses the
check information embedded within it to generate platform-specific config.h
and makefiles, as well as any other files specified for instantiation in configure.ac.

As the double-ended fat arrow in Figure 1-4 shows, config.status can also call configure.
When used with the - -recheck option, config.status will call configure using the
same command-line options used to originally generate config.status.

The configure script also generates a log file called config.log, which will
contain very useful information in the event that an execution of configure
fails on the user’s system. As the maintainer, you can use this information for
debugging. The config.log file also logs how configure was executed. (You can
run config.status --version to discover the command-line options used to
generate config.status.) This feature can be particularly handy when, for
example, a user returns from a long vacation and can’t remember which
options he used to originally generate the project build directory.

To regenerate makefiles and the config.h header files, just enter ./config.status from
within the project build directory. The output files will be generated using the same
options originally used to generate the config.status file.
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Building Outside the Source Directory

A little-known feature of Autotools build environments is that they don’t need
to be generated within a project source tree. That is, if a user executes configure
from a directory other than the project source directory, he can generate a
full build environment within an isolated build directory.

In the following example, Joe User downloads doofabble-3.0.tar.gz,
unpacks it, and creates two sibling directories called doofabble-3.0.debug and
doofabble-3.0.release. He changes into the doofabble-3.0.debug directory, executes
doofabble-3.0’s configure script, using a relative path, with a doofabble-specific
debug option, and then runs make from within this same directory. Finally, he
switches over to the doofabble-3.0.release directory and does the same thing,
this time running configure without the debug option enabled:

$ gzip -dc doofabble-3.0.tar.gz | tar zxf -
$ mkdir doofabble-3.0.debug

$ mkdir doofable-3.0.release

$ cd doofabble-3.0.debug

$ ../doofabble-3.0/configure --enable-debug

$ make
$ cd ../dofable-3.0.release
$ ../doofabble-3.0/configure

$ make

Users generally don’t care about remote build functionality, because all
they usually want to do is configure, build, and install your code on their plat-
forms. Maintainers, on the other hand, find remote build functionality very
useful, as it allows them to not only maintain a reasonably pristine source tree,
butitalso allows them to maintain multiple build environments for their project,
each with complex configuration options. Rather than reconfigure a single
build environment, a maintainer can simply switch to another build directory
that has been configured with different options.

Running make

Finally, you run plain old make. The designers of the Autotools went to a lot of
trouble to ensure that you didn’t need any special version or brand of make.
Figure 1-5 depicts the interaction between make and the makefiles that are
generated during the build process.

As you can see, make runs several generated scripts, but these are all really
ancillary to the make process. The generated makefiles contain commands
that execute these scripts under the appropriate conditions. These scripts
are part of the Autotools, and they are either shipped with your package or
generated by your configuration script.

A Brief Introduction to the GNU Autotools 15
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Makefile make - Project
(make) (binary program) Ta rgets
config.h '

(cpp) libtool

missing |:| System tools

|:| Generated scripts

Project Sources
(language of choice)

install-sh
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ildinsialldins O User-provided data files
(il s D Generated data files

Figure 1-5: A data flow diagram for make

Installing the Most Up-to-Date Autotools

If you’re running a variant of Linux and you’ve chosen to install the compil-
ers and tools used for developing C-language software, you probably already
have some version of the Autotools installed on your system. To determine
which versions of autoconf, automake, and libtool you’re using, simply open a
terminal window and type the following commands:

$ which autoconf

/usr/local/bin/autoconf

$ autoconf --version

autoconf (GNU Autoconf) 2.65

Copyright (C) 2009 Free Software Foundation, Inc.

License GPLv3+/Autoconf: GNU GPL version 3 or later
<http://gnu.org/licenses/gpl.html>, <http://gnu.org/licenses/exceptions.html>
This is free software: you are free to change and redistribute it.

There is NO WARRANTY, to the extent permitted by law.

Written by David J. MacKenzie and Akim Demaille.

$

$ which automake

/usr/local/bin/automake

$ automake --version

automake (GNU automake) 1.11

Copyright (C) 2009 Free Software Foundation, Inc.

License GPLv2+: CGNU GPL version 2 or later <http://gnu.org/licenses/gpl-
2.0.html>

This is free software: you are free to change and redistribute it.
There is NO WARRANTY, to the extent permitted by law.

Written by Tom Tromey <tromey@redhat.com>
and Alexandre Duret-Lutz <adl@gnu.org>.
$
$ which libtool
/usr/local/bin/libtool

16 Chapter 1
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$ libtool --version
1tmain.sh (GNU libtool) 2.2.6b
Written by Gordon Matzigkeit <gord@gnu.ai.mit.edu>, 1996

Copyright (C) 2008 Free Software Foundation, Inc.

This is free software; see the source for copying conditions. There is NO
warranty; not even for MERCHANTABILITY or FITNESS FOR A PARTICULAR PURPOSE.
$

If you have the Linux-distribution varieties of these Autotools packages installed on
your system, the executables will probably be found in /usr/bin, rather than /usr/
local/bin, as you can see from the output of thewhich command here.

If you choose to download, build, and install the latest version of any one
of these packages from the GNU website, you must do the same for all of them,
because the automake and libtool packages install macros into the Autoconf
macro directory. If you don’t already have the Autotools installed, you can
install them from their GNU distribution source archives with the following
commands (be sure to change the version numbers as necessary):

$ mkdir autotools && cd autotools

$ wget -q ftp://ftp.gnu.org/gnu/autoconf/autoconf-2.65.tar.gz
$ gzip -cd autoconf* | tar xf -

$ cd autoconf*

$ ./configure && make all check

$ su

Password: *¥**ik

# make install

# exit

$cd..

$

$ wget -q ftp://ftp.gnu.org/gnu/automake/automake-1.11.tar.gz
$ gzip -cd automake* | tar xf -

$ cd automake*

$ ./configure && make all check

$ su

Password: *ik¥x

# make install

# exit

$cd..

$

$ wget -q ftp://ftp.gnu.org/gnu/libtool/libtool-2.2.6b.tar.gz
$ gzip -cd libtool* | tar xf -

$ cd libtool*

$ ./configure && make all check

A Brief Introduction to the GNU Autotools 17



18

$ su
Password: *¥¥*¥¥*
# make install

# exit
$cd..
$

You should now be able to successfully execute the version check commands
from the previous example.

Summary

Chapter 1

In this chapter, I've presented a high-level overview of the Autotools to give
you a feel for how everything ties together. I've also shown you the pattern to
follow when building software from distribution tarballs created by Autotools
build systems. Finally, I've shown you how to install the Autotools and how to
tell which versions you have installed.

In Chapter 2, we’ll step away from the Autotools briefly and begin creat-
ing a hand-coded build system for a toy project called fupiter. You’ll learn the
requirements of a reasonable build system, and you’ll become familiar with
the rationale behind the original design of the Autotools. With this background
knowledge, you’ll begin to understand why the Autotools do things the way they
do. I can’t really emphasize this enough: Chapter 2 is one of the most important
chapters in this book.
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UNDERSTANDING THE GNU
CODING STANDARDS

I don’t know what’s the matter with people: they don’t
learn by understanding, they learn by some other way—
by rote or something. Their knowledge is so fragile!

—Richard Feynman,
Surely You’re Joking, Mr. Feynman!

In Chapter 1, I gave an overview of the GNU
Autotools and some resources that can help
reduce the learning curve required to master

them. In this chapter, we’re going to step back a
little and examine project organization techniques
that you can apply to any project, not just one that uses
the Autotools.

When you’re done reading this chapter, you should be familiar with the
common make targets and why they exist. You should also have a solid under-
standing of why projects are organized the way they are. By the time you fin-
ish this chapter, you’ll be well on your way to becoming an Autotools expert.

The information provided in this chapter comes primarily from two sources:

e The GNU Coding Standards (GCS)"
e  The Filesystem Hierarchy Standard (FHS '

1. See the Free Software Foundation’s GNU Coding Standards at hitp://www.gnu.org/prep/standards/.
2. See Daniel Quinlan’s overview at http://www.pathname.com/fhs/.
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If you’d like to brush up on your make syntax, you may also find the GNU
Make Manual® very useful. If you're particularly interested in portable make
syntax (and you probably should be), then check out the POSIX man page
for make.*

Creating a New Project Directory Structure

Chapter 2

There are two questions you need to ask yourself when you’re setting up the
build system for an open source software project:

¢  Which platforms will I target?

e  What do my users expect?

The first is an easy question—you get to decide which platforms to target,
but you shouldn’t be too restrictive. Open source software projects attain
greatness by virtue of the number of people who’ve adopted them, and arbi-
trarily limiting the number of platforms reduces the potential size of your
community.

The second question is more difficult to answer. First, let’s narrow the
scope to something manageable. What you really need to ask is: What do my
users expect of my build system? Experienced open source software developers
become familiar with these expectations by downloading, unpacking, building,
and installing thousands of packages. Eventually, they come to know intuitively
what users expect of a build system. But, even so, the processes of package
configuration, build, and installation vary widely, so it’s difficult to define any
solid norm.

Rather than taking a survey of every build system out there yourself,
you can consult the Free Software Foundation (FSF), sponsor of the GNU
project, which has done a lot of the leg work for you. The FSF is one of the
best definitive sources for information on free, open source software, includ-
ing the GCS, which covers a wide variety of topics related to writing, publishing,
and distributing free, open source software. Even many non-GNU open source
software projects align themselves with the GCS. Why? Well, they invented
the concept of free software, and their ideas make sense, for the most part.5
There are dozens of issues to consider when designing a system that manages
packaging, building, and installing software, and the GCS takes most of them
into account.

3. See the Free Software Foundation’s GNU Make Manual at hitp://www.gnu.org/software/make/
manual/.

4. See the Open Group Base Specifications, Issue 6, at http://www.opengroup.org/onlinepubs/
009695399/ utilities/make. html.

5. In truth, it’s likely that the standards that came about from the BSD project were written much
earlier than the standards of the FSF, but the FSF had a big hand in spreading the information
to many different platforms and non-system specific software projects. Thus, it had a large part
in making these standards publicly visible and widely used.
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WHAT’S IN A NAME?

You probably know that open source software projects generally have quirky names—
they might be named after some small furry animal that has (vaguely) similar character-
istics o the software, some device, an invention, a Latin term, a past hero, or an
ancient god. Some names are just made-up words or acronyms that are catchy and
easy to pronounce. Another significant characteristic of a good project name is
uniqueness—it’s important that your project be easy fo distinguish from others. Addi-
tionally, you should make sure your project’s name does not have negative connotations
in any language or culture.

Project Structure

We’ll start with a basic sample project and build on it as we continue our
exploration of source-level software distribution. I'll call our project Jupiter
and I'll create a project directory structure using the following commands:

$ cd projects

$ mkdir -p jupiter/src

$ touch jupiter/Makefile

$ touch jupiter/src/Makefile
$ touch jupiter/src/main.c

$ cd jupiter

$

We now have one source code directory called sr¢, one C source file called
main.c, and a makefile for each of the two directories in our project. Minimal,
yes; but this is a new endeavor, and everyone knows that the key to a success-
ful open source software project is evolution. Start small and grow as needed—
and as you have the time and inclination.

Let’s start by adding support for building and cleaning our project. (We’ll
need to add other important capabilities to our build system later on, but
these two will get us going.) The top-level makefile does very little at this
point; it merely passes requests down to src/Makefile, recursively. This consti-
tutes a fairly common type of build system, known as a recursive build system, so
named because makefiles recursively invoke make on subdirectory makefiles.”

6. Peter Miller’s seminal paper, “Recursive Make Considered Harmful” (http://miller.emu.id.aw/
pmiller/books/rmch/), published over 10 years ago, discusses some of the problems recursive build
systems can cause. I encourage you to read this paper and understand the issues Miller presents.
While the issues are valid, the sheer simplicity of implementing and maintaining a recursive build
system makes it, by far, the most widely used form of build system.

Understanding the GNU Coding Standards 21
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Listings 2-1 through 2-3 show the contents of each of these three files,
thus far.

all clean jupiter:
cd src && $(MAKE) $@

.PHONY: all clean

Listing 2-1: Makefile: An initial draft of a top-level makefile for Jupiter

all: jupiter

jupiter: main.c
gcc -g -00 -0 $@ main.c

clean:
-rm jupiter

.PHONY: all clean

Listing 2-2: src/Makefile: The first draft of Jupiter’s src directory makefile

#include <stdio.h>
#include <stdlib.h>

int main(int argc, char * argv[])

{
printf("Hello from %s!\n", argv[0]);
return 0;

}

Listing 2-3: src/main.c: The first version of the one source file in the Jupiter project

As you read this code, you will probably notice places where a makefile or a source code
file contains a construct that is not written in the simplest manner or is perhaps not
written the way you would have chosen to write it. There is a method to my madness:
Tve tried to use constructs that are portable to many flavors of the make wtility.

Now let’s discuss the basics of make. If you’re already pretty well versed
in it, then you can skip the next section. Otherwise, give it a quick read, and
we’ll return our attention to the Jupiter project later in the chapter.

Makefile Basics

Chapter 2

If you don’t use make on a regular basis, it’s often difficult to remember exactly
what goes where in a makefile, so here are a few things to keep in mind. Besides
comments, which begin with a hash mark (#), there are only three basic types
of entities in a makefile:
e Variable assignments
e Rules

e Commands
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While there are several other types of constructs in a makefile (including
conditional statements, directives, extension rules, pattern rules, function
variables, and include statements, among others), for our purposes, we’ll just
touch lightly on them as needed instead of covering them all in detail. This
doesn’t mean they’re unimportant, however—on the contrary, they’re very
useful if you’re going to write your own complex build system by hand. How-
ever, our purpose is to gain the background necessary for understanding the
GNU Autotools, so I'll only cover the aspects of make you need to know to
accomplish that goal.

If you want a broader education on make syntax, refer to the GNU Make
Manual. For strictly portable syntax, the POSIX man page for make is an excel-
lent reference. If you want to become a make expert, be prepared to spend a
good deal of time studying these resources—there’s much more to the make
utility than is initially apparent.

Commands and Rules

When a line in a makefile begins with a TAB character, make will always consider
it to be a command. Indeed, one of the most frustrating aspects of makefile
syntax to neophytes and experts alike is that commands must be prefixed with
an essentially invisible character. The error messages generated by the legacy
UNIX make utility when a required TAB is missing (or has been converted to
spaces by your editor) or an unintentional TAB is inserted are obscure at best.
GNU make does a better job with such error messages. Nonetheless, be careful
to use leading TAB characters properly in your makefiles—always and only
before commands.

A list of one or more commands is always associated with a preceding
rule. A rule takes the form of a target followed by a list of dependencies. In
general, targets are objects that need to be built, and dependencies are objects
that provide source material for targets. Thus, targets are said to depend upon
the dependencies. Dependencies are essentially prerequisites of the targets,
and thus they should be updated first.”

Listing 2-4 shows the general layout of a makefile.

varl=val1
var2=val2

target1 : t1_depl t1 dep2 ... ti_depN
<TAB>  shell-commandia
<TAB>  shell-commandib

target2 : t2_dep1 t2_dep2 ... t2_depN
<TAB>  shell-command2a
<TAB>  shell-command2b

Listing 2-4: The general layout of a makefile

7. You’ll often hear dependencies referred to as prerequisites for this reason.

Understanding the GNU Coding Standards 23
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