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I N T R O D U C T I O N

Few open source software developers would 
deny that GNU Autoconf, Automake, and 

Libtool (the Autotools) have revolutionized the 
open source software world. However, although 

there are many thousands of Autotools advocates, 
there are also many software developers who hate the 
Autotools�with a passion. I believe the reason for 
this dread of the Autotools is that when you use them without understand-
ing the underlying infrastructure they manage, you �nd yourself �ghting 
against the system.

This book solves this problem by �rst 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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Who Should Read This Book
This book is primarily for the open source software package maintainer 
who wants to become an Autotools expert. That said, this book also pro-
vides instructions to end users who wish to understand what�s happening 
during the process of downloading, unpacking, and building software pack-
ages whose build processes are managed by the Autotools. Existing material 
on the subject is limited to the GNU Autotools manuals and a few internet-
based tutorials. For years, most real-world questions have been answered 
on the Autotools mailing lists, but mailing lists are an inef�cient form of 
teaching because the same answers to the same questions are given time 
and again. This book provides a cookbook-style approach, covering real 
problems found in real projects.

How This Book Is Organized
The book starts with an end-user perspective on the Autotools and then 
moves from high-level development build concepts to mid-level use 
cases and examples, �nally �nishing with more advanced details and 
examples. As though you were learning arithmetic, we�ll begin with some 
basic math�algebra and trigonometry�and then move on to analytic 
geometry and calculus.

Chapter 1 provides an end-user perspective on the Autotools. It cov-
ers topics that a Linux power user, who is not necessarily a software devel-
oper, needs to understand in order to take full advantage of the features 
of Autotools-managed source packages (so-called �tarballs�) downloaded 
from project websites containing perhaps the latest beta version of some 
software the user would like to try out. Often, Linux users �nd that the 
solution to a software problem involves updating to a version that contains 
the �x for that problem, only to discover that the version they need is so 
new there is no RPM or Debian package for that version in any of the pack-
age repositories for their Linux distribution of choice. Chapter 1 provides 
relief to the newbie who needs to know what to do with that tar.gz �le con-
taining that configure script and all those .c source �les.

Chapter 2 begins the discussion of concepts of interest to software devel-
opers. It presents a general overview of the packages considered part of the 
GNU Autotools. This chapter describes the interaction between these pack-
ages and the �les consumed by and generated by each one. In each case, �g-
ures depict the �ow of data from hand-coded input to �nal output �les.

Chapter 3 covers open source software project structure and organiza-
tion. This chapter also goes into some detail about the GNU Coding Standards 
(GCS) and the Filesystem Hierarchy Standard (FHS), both of which have played 
vital roles in the design of the GNU Autotools. This chapter presents some 
fundamental tenets upon which the design of each of the Autotools is based. 
With these concepts, you�ll better understand the theory behind the architec-
tural decisions made by the Autotools designers.

In this chapter, we�ll also design a simple project, Jupiter, from start 
to �nish using hand-coded make�les. We�ll add to Jupiter in a stepwise 
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fashion as we discover functionality that we can use to simplify tasks and to 
provide features that open source software users have come to expect.

Chapters 4 and 5 present the framework designed by the GNU Autoconf 
engineers to ease the burden of creating and maintaining portable, func-
tional project con�guration scripts. The GNU Autoconf package provides the 
basis for creating complex con�guration scripts with just a few lines of infor-
mation provided by the project maintainer.

In these chapters, we�ll quickly convert our hand-coded make�les into 
Autoconf Make�le.in templates and then begin adding to them in order to 
gain some of the most signi�cant Autoconf bene�ts. Chapter 4 discusses 
the basics of generating con�guration scripts, while Chapter 5 moves on to 
more advanced Autoconf topics, features, and uses.

Chapter 6 begins by converting the Jupiter project Make�le.in templates 
into Automake Make�le.am �les. Here, you�ll discover that Automake is to 
make�les what Autoconf is to con�guration scripts. This chapter presents 
the major features of Automake in a manner that will not become outdated 
as new versions of Automake are released.

Chapters 7 and 8 explain the basic concepts behind shared librar-
ies and show how to build shared libraries with Libtool�a standalone 
abstraction for shared-library functionality that can be used with the other 
Autotools. Chapter 7 begins with a shared-library primer and then covers 
some basic Libtool extensions that allow Libtool to be a drop-in replace-
ment for the more basic library generation functionality provided by 
Automake. Chapter 8 covers library versioning and the runtime dynamic 
module management abstraction provided by Libtool.

Chapter 9 presents a relatively new addition to the Autotools�autotest. 
The autotest functionality in Autoconf allows you to easily create and manage 
integration test execution frameworks for your projects. In previous chapters, 
we will have covered unit testing in individual make�les. Autotest provides a 
mechanism for adding more global testing that depends on multiple compo-
nents in your project. Honestly, autotest can be used to do about any sort of 
testing you want. We�ll focus on adding autotest suites that ensure your proj-
ect works the way you believe it should�automatically.

Chapter 10 discusses the concepts of �nding compile- and link-time 
dependencies and adding the appropriate references to build tool com-
mand lines. Speci�cally, this chapter introduces pkg-config, which has 
become a de facto standard in Linux software development, providing the 
framework for easily �nding and consuming components that your pack-
age depends on. This chapter shows you how to both consume pkg-config 
.pc �les to �nd your dependencies and how to play nicely in the sandbox by 
providing .pc �les for your projects.

Chapters 11 and 12 discuss internationalization (abbreviated i18n) 
and localization (l10n), respectively�the ability to easily manage text 
strings and other locale-speci�c attributes (such as references to numbers, 
money, and dates) within your project that should be different for local-
ized releases of your project.

Chapter 13 talks about obtaining maximum portability in your projects 
by using Gnulib.
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Chapters 14 and 15 illustrate the transformation of an existing, fairly 
complex open source project (FLAIM) from using a hand-built build system 
to using an Autotools build system. This example will help you to understand 
how you might autocon�scate one of your own existing projects.

Chapter 16 provides an overview of the features of the M4 macro proces-
sor that are relevant to obtaining a solid understanding of Autoconf. This 
chapter also considers the process of writing your own Autoconf macros.

Chapter 17 discusses using the Autotools to build software designed to 
run on Microsoft Windows platforms. I�ll show you how to cross compile 
on Linux for Windows, and how to install and use the three most popular 
Windows-based POSIX platforms�Cygwin, Msys2, and MinGW�to build 
Windows software using GNU tools, including the Autotools.

Microsoft has a great set of free tools for building Windows software, 
but if your package is already working on Linux and being built with POSIX 
build tools, using the Autotools to build for Windows can be a great way to 
get you up and running there fast. From there, you can decide whether what 
you have is good enough for your project or if you need to provide a native 
build environment for Windows.

Chapter 18 is a compilation of tips, tricks, and reusable solutions to 
Autotools problems. The solutions in this chapter are presented as a set of 
individual topics or items. Each can be understood without context from 
the surrounding items.

Chapters 3 through 9 are built around the Jupiter project. Chapters 14 
and 15 cover the FLAIM project. Chapters 11 and 12 cover the gettext proj-
ect and Chapter 13 covers the b64 project. These projects are found on the 
GitHub NSP-Autotools site at https://github.com/NSP-Autotools.

Except for the FLAIM project, each of these repositories are tagged at 
commits representing topic transitions. The tags are called out within the 
margins of the chapters pertaining to these projects. You can easily follow 
along by checking out the tagged commit in the repository when you see 
one in the book.

Conventions Used in This Book
This book contains hundreds of program listings in roughly two categories: 
console examples and �le listings. Console examples have no captions, and 
user input is bolded. 

Often, I�ll use the Linux ls command with various options to show the 
contents of a directory before or after changes are made. Different Linux 
distributions often ship with an alias for ls enabled by default. I�m using 
Linux Mint 18 with the Cinnamon desktop to write this book; my pre-
de�ned alias for ls is:

$ alias
--snip--
alias ls='ls --color=auto'
$
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You may �nd you have an ls alias on your system that provides a dif-
ferent default set of functionality that will defeat your attempts to exactly 
duplicate my console examples. Just be aware of the reasons for these 
possible differences.

File listings contain full or partial listings of the �les discussed in the 
text. All named listings are provided in the associated git repositories. I�ve 
tried to provide enough context around modi�ed portions of partial list-
ings so that you can easily see where lines are added or changed. However, 
there are a few listings where lines are deleted. In these cases, I�ve called 
out the deleted lines in the text near the listing.

Listings without �lenames are entirely contained in the printed listing 
itself, are meant to be considered independently without context, and are 
not part of the provided source repositories. In general, text that remains 
the same as a previously listed version of the �le will be grayed out, whereas 
modi�ed areas will be in black text. 

For listings that do relate to the Jupiter and FLAIM projects, the caption 
�rst speci�es the path of the �le relative to the project root directory and 
then provides a description of the changes made to that �le in the listing.

Throughout this book, I refer to the GNU/Linux operating system 
simply as Linux. It should be understood that by the use of the term Linux, 
I�m referring to GNU/Linux, its actual of�cial name. I use Linux simply as 
shorthand for the of�cial name.

Autotools Versions Used in This Book
The Autotools are always being updated�on average, a signi�cant update of 
each of the three most important tools, Autoconf, Automake, and Libtool, is 
released every year and a half, and minor updates are released every three to 
six months. The Autotools developers attempt to maintain a reasonable level 
of backward compatibility with each new release, but occasionally something 
signi�cant is broken, and older documentation simply becomes out-of-date. 
More recently, the Autotools have been considered mature and complete; 
release cycles have slowed and major changes seldom happen anymore. This 
is good for the community and for you, the reader, as it means that the mate-
rial you �nd in this book will remain relevant for a long time to come.

Although I describe new, major features of recent releases of the 
Autotools, in my efforts to make this book more evergreen, I�ve tried to stick 
to descriptions of Autotools features (Autoconf macros, for instance) that 
have been in widespread use for several years. Minor details change occasion-
ally, but the general use has stayed the same through many releases.

At appropriate places in the text, I mention the versions of the Autotools 
I used for this book, but I�ll summarize here. I used version 2.69 of Autoconf, 
version 1.15 of Automake (the latest version as of this writing is actually 
1.16.1), and version 2.4.6 of Libtool. Through the publication process, I 
was able to make minor corrections and update to new releases as they 
became available.
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As you can see, the Autoconf package provides 503 tests; 460 of those 
were run and 43 were purposely skipped. Of the 460 tests that were exe-
cuted, six failed, but four of those were expected failures, so we have only 
two problems: test 501 and test 503.

With only two failures out of 460, I�d personally call this a whopping 
success, but if you would like to dig a little deeper to see what�s causing 
these problems, there are two approaches you can take. The �rst is to go 
to the Autoconf mailing list archives and either search for a similar ques-
tion with answers or ask the list directly; notice the request in the preced-
ing output to send the tests/testsuite.log �le to bug-autoconf@gnu.org.

The other option requires a bit more programming skill. These tests are 
run by Autoconf�s autotest framework, which automatically creates a direc-
tory for each failed test under tests/testsuite.dir. Each directory found under 
testsuite.dir is named after the number of the failed test. If you look there, 
you�ll see six directories, including directories for the four expected failures. 
Each of these numbered directories contains a run script that will re-execute 
the failed test, displaying output to stdout rather than to a log �le. This allows 
you to experiment with your system (perhaps by installing a different version 
of Libtool for test 501, for example) and then try running the test again.

There is also the possibility, however slight, that the project maintain-
ers are aware of these test failures. In this case, they would likely respond to 
your email with a comment to this effect (or a quick search of the archives 
may also turn up the same answer), at which point you can simply ignore the 
failed tests.

Installing the Built Software
Running make usually leaves built software products�executables, libraries, 
and data �les�scattered throughout the build directory tree. Take heart, 
you�re almost there. The �nal step is installing the built software onto your 
system so you can use it. Thankfully, most build systems, including those 
managed by the Autotools, provide a mechanism for installing built software.

A complex build system is only useful to non-experts if it assumes a 
lot of basic defaults; otherwise, the poor user would be required to specify 
dozens of command line options for even the simplest build. The location 
of software installation is one such assumption; by default, the build system 
assumes you want to install built software into the /usr/local directory tree.

The /usr/local directory tree mirrors the /usr directory tree; it�s the 
standard location for software that is built locally. The /usr directory tree, 
on the other hand, is where Linux distribution packages get installed. For 
instance, if you installed the Autoconf package using the command sudo 
apt-get install autoconf (or sudo yum install autoconf), the package binaries 
would be installed into the /usr/bin directory. When you install your hand-
built Autoconf binaries, they�ll go into /usr/local/bin, by default.

It�s most often the case that /usr/local/bin is positioned in your PATH 
environment variable before /usr/bin. This allows your locally built and 
installed programs to override the ones installed by your distribution�s 
package manager.









2
A  B R I E F  I N T R O D U C T I O N  T O  T H E 

G N U  A U T O T O O L S

As stated in the preface to this book, the 
purpose of the GNU Autotools is to make 

life simpler for the end user, not the main-
tainer. Nevertheless, using the Autotools will 

make your job as a project maintainer easier in the 
long run, although maybe not for the reasons you sus-
pect. The Autotools framework is as simple as it can 
be, given the functionality it provides. The real purpose of the Autotools 
is twofold: it serves the needs of your users, and it makes your project 
incredibly portable�even to systems on which you�ve never tested, 
installed, or built your code.

We shall not cease from exploration
And the end of all our exploring
Will be to arrive where we started

And know the place for the �rst time.
�T.S. Eliot, �Quartet No. 4: Little Gidding�
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Autotools support for Windows requires an Msys1 environment in 
order to work correctly, because Autoconf-generated con�guration scripts 
are Bourne-shell scripts, and Windows doesn�t provide a native Bourne 
shell.2 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 Cygwin, Msys2, or MinGW, to build Windows 
programs with an Autotools build system.

For these reasons, I�ll focus mostly on using the Autotools on POSIX-
compliant platforms. Nevertheless, if you�re interested in trying out the 
Autotools on Windows, check out Chapter 17 for an in-depth overview.

N O T E 	 I�m not a typical Unix bigot. While I love Unix (and especially Linux), I also appre-
ciate Windows for the areas in which it excels.3 For Windows development, I 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 
Visual Studio Community at https://visualstudio.microsoft.com/vs/express/.

Apple Platforms and Mac OS X
The Macintosh operating system has been POSIX compliant since 2007 when 
the �Leopard� release of macOS version 10 (OS X) was published. 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 operat-
ing system, OS X provides all the infrastructure required by the Autotools. 
The problems you�ll encounter with OS X will most likely involve Apple�s 
graphical user interface and package management systems, both of which are 
speci�c to the Mac.

The user interface presents the same issues you encounter when deal-
ing with the X Window system on other Unix platforms, and then some. 
The primary difference is that the X Window system is used exclusively on 
most Unix systems, but macOS has its own graphical user interface called 
Cocoa. While the X Window system can be used on the Mac (Apple provides 

1. See MinGW, Minimalist GNU for Windows at http://www.mingw.org/ for more information 
on the Msys concept.

2. Windows 10 actually supports a Linux environment called the Windows Subsystem for Linux 
(WSL). The integration between the Windows host and the Linux subsystem is much tighter 
than that of, say, a virtual machine running Linux on a Windows host. It�s well worth explor-
ing if you�re interested in running Linux but don�t want to entirely give up your Windows 
applications. Be aware, however, that open source software programs built using the Autotools 
will not run as native Windows applications but will instead interface with the WSL kernel 
components. Perhaps these days the distinction simply isn�t that important.

3. Hard-core gamers will agree with me, I�m sure. I wrote the original edition of this book on a 
laptop running Windows 7, but I used OpenOf�ce as my content editor, and I wrote the book�s 
sample code on a 3GHz 64-bit dual-processor openSUSE 11.2 Linux workstation. Lately I�ve 
been running the Ubuntu-based Linux Mint distribution and using LibreOf�ce 5.3.
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Autoconf to compile, link, or run Java-based checks,4 because Autoconf sim-
ply doesn�t natively support Java. However, you can �nd Autoconf macros 
(which I will cover in more detail in later chapters) that enhance Autoconf�s 
ability to manage the con�guration process for projects written in Java.

The general feeling is that Java has plenty of its own build environ-
ments and tools that work very well (maven, for instance); therefore, adding 
full support for Java seems like a wasted effort. This is especially true since 
Java and its build tools are themselves highly portable�even to non-Unix/
Linux platforms such as Windows.

Rudimentary support does exist in Automake for 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 �nished.5

Generating Your Package Build System
The GNU Autotools framework includes three main packages: Autoconf, 
Automake, and Libtool. The tools in these packages can depend on utili-
ties and functionality from the gettext, M4, sed, make, and Perl packages, 
among others; however, the build systems generated by these packages rely 
only on a Bourne shell and the make utility.

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 (assuming the end user�s system has rudimentary support for 
building programs from source code). For example, the machine a main-
tainer uses to create distributions requires a Perl interpreter, but a machine 
on which an end user builds products from release distribution source 
archives should not require Perl (unless, of course, the project sources are 
written in 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 

4. This statement is not strictly true: I�ve seen third-party macros that use the Java virtual 
machine (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 14 and 15 outline 
how you might use a JVM in an Autoconf check. Additionally, the portable nature of Java and 
the Java virtual machine speci�cation make it fairly unlikely that you�ll need to perform a 
Java-based Autoconf check in the �rst 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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POSIX-compliant version of make and some variant of the Bourne shell 
that can execute the generated con�guration script. And, of course, any 
package will also require compilers, linkers, and other tools needed to 
convert source �les into executable binary programs, help �les, and other 
runtime resources.

Configuration
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, con�guration scripts were hand-coded shell scripts designed 
to set environment variables based on platform-speci�c characteristics. 
They also allowed users to con�gure package options before running make. 
This approach worked well for decades, but as the number of Linux distri-
butions and Unix-like systems grew, the variety of features and installation 
and con�guration options exploded, so it became very dif�cult to write a 
decent portable con�guration script. In fact, it was much more dif�cult to 
write a portable con�guration script than it was to write make�les for a new 
project. Therefore, most people just created con�guration 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 con�guration would become painful if something wasn�t 
done to ease the burden of writing massive complex shell scripts to manage 
con�guration options. The number of GNU project packages had grown to 
hundreds, and maintaining consistency across their separate build systems 
had become more time-consuming than simply maintaining the code for 
these projects. These problems had to be solved.

Autoconf
Autoconf 6 changed this paradigm almost overnight. David MacKenzie 
started the Autoconf project in 1991, but a look at the AUTHORS �le in the 
Savannah Autoconf project7 repository will give you an idea of the number of 
people who had a hand in making the tool. Although con�guration scripts 
were long and complex, users needed to specify only a few variables when 
executing them. Most of these variables were simply choices about compo-
nents, features, and options, such as Where can the build system �nd libraries 
and header �les? Where do I want to install my �nished products? Which optional 
components do I want to build into my products?

6. For more on Autoconf origins, see the GNU web page on the topic at http://www.gnu.org 
/software/autoconf/.

7. See http://savannah.gnu.org/projects/autoconf/.
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autoreconf
(Perl script)

Scripts and Programs

aclocal
(Perl script)

autoconf
(shell script)

autoheader
(Perl script)

automake
(Perl script)

Figure 2-1: A data�ow diagram for the autoreconf utility

Nevertheless, there are times when a project requires more than simply 
bootstrapping the Autotools to get a developer up and running on a newly 
checked-out repository work area. In these cases, a small shell script that 
runs autoreconf, along with any non-Autotools-related processes, is appropri-
ate. Many projects name such a script autogen.sh, but this is often confus-
ing to developers because there is a GNU Autogen project. A better name 
would be something like bootstrap.sh.

Additionally, when used with the -i option, autoreconf will bootstrap 
a project into a distributable state by adding missing �les that are recom-
mended or required by GNU for proper open source projects. These 
include a proper ChangeLog and template INSTALL, README, and 
AUTHORS �les and so on.

autoheader
The autoheader utility generates a C/C++ compatible header �le template 
from various constructs in con�gure.ac. This �le is usually called con�g.h.in. 
When the end user executes configure, the con�guration script generates 
con�g.h from con�g.h.in. As maintainer, you�ll use autoheader to generate the 
template �le you will include in your distribution package. (We�ll examine 
autoheader in greater detail in Chapter 4.)

autoscan
The autoscan program generates a default con�gure.ac �le for a new project; 
it can also examine an existing Autotools project for �aws and opportuni-
ties for enhancement. (We�ll discuss autoscan in more detail in Chapters 4 
and 14.) 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.

autoupdate
The autoupdate utility is used to update con�gure.ac or the template (.in) �les 
to match the syntax supported by current versions of the Autotools.
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ifnames
The ifnames program is a small and generally underused utility that 
accepts a list of source �le names on the command line and displays a 
list of C-preprocessor de�nitions. This utility was designed to help main-
tainers determine what to put into the con�gure.ac and Make�le.am �les 
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 de�nitions.

autom4te
The autom4te utility is a Perl-based intelligent caching wrapper for m4 that 
is used by most of the other Autotools. The autom4te cache decreases the 
time successive tools spend accessing con�gure.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 work-
ing is the autom4te.cache directory that appears in your top-level project 
directory after you run autoconf or autoreconf.

Working Together
Of the previously listed tools, autoconf and autoheader are the only ones proj-
ect maintainers use when generating a configure script, and autoreconf is the 
only one that the developer needs to directly execute. Figure 2-2 shows the 
interaction between input �les and autoconf and autoheader that generates 
the corresponding product �les.

configure.ac
(m4 / shell) configure

(shell script)

config.h.in
(cpp / ac-vars)

autom4te
(Perl script)

autom4te.cache
(cache directory)

acsite.m4
(m4 / shell)

autoheader
(Perl script)

autoconf
(shell script)

User-provided data filesGenerated scriptsAutotools-provided scripts Generated data files

m4
(binary)

aclocal.m4
(m4 / shell)

Figure 2-2: A data �ow diagram for autoconf and autoheader

N O T E 	 I use the data �ow diagram format shown in Figure 2-2 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 
programs, and boxes with rounded corners are data �les. The meaning of most of 
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the labels here should be obvious, but at least one deserves an explanation: the term 
ac-vars refers to Autoconf-speci�c replacement text. I�ll explain the gradient shad-
ing of the aclocal.m4 box shortly.

The primary task of this suite of tools is to generate a con�guration 
script that can be used to con�gure a project build directory for a target 
platform (not necessarily the local host). This script does not rely on the 
Autotools themselves; in fact, autoconf is designed to generate con�guration 
scripts that will run on all Unix-like platforms and in most variations of the 
Bourne shell. This means that you can generate a con�guration 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 you 
or indirectly by autoreconf. They take their input from your project�s con�gure​
.ac �le and various Autoconf-�avored M4 macro de�nition �les (which, 
by convention, have a .m4 extension), using autom4te to maintain cache 
information. The autoconf program generates a con�guration script called 
configure, a very portable Bourne shell script that enables your project to offer 
many useful con�guration capabilities. The program autoheader generates the 
con�g.h.in template based on certain macro de�nitions in con�gure.ac.

Automake
Once you�ve done it a few times, writing a basic make�le 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 satis�ed 
with just a basic make�le?

Attention to detail is what makes an open source project successful. 
Users lose interest in a project fairly easily�especially when functional-
ity they expect is missing or improperly written. For example, power users 
have come to expect make�les to support certain standard targets or goals, 
speci�ed 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 �lesystem object that is produced by the build sys-
tem�usually a �le (but sometimes a directory or a link). When building an 
executable called doofabble, for instance, you�d expect to be able to enter:

$ make doofabble

For this project, doofabble is 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. Standardized targets for make allow all projects to be built in the 
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include the Automake macros. Since both user-de�ned macros and the use 
of M4 itself are considered advanced concepts, this was deemed too harsh 
a requirement.

The aclocal script was designed to solve this problem. This utility gener-
ates an aclocal.m4 f﻿﻿ile for a project that contains both user-de�ned macros 
and all required Automake macros.9 Instead of adding user-de�ned macros 
directly to aclocal.m4, project maintainers should now add them to a new �le 
called acinclude.m4.

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 origi-
nally suggested that you rename aclocal.m4 to acinclude.m4 when adding 
Automake to an existing Autoconf project, and this approach is still com-
monly used. The �ow of data for aclocal is depicted in Figure 2-3.

aclocal
(Perl script)

aclocal.m4
(m4 / shell)

configure.ac
(m4 / shell)

m4/*.m4 files
(m4 / shell)

acinclude.m4
(m4 / shell)

User-provided data files Generated data filesAutotools-provided scripts

Figure 2-3: A data �ow 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 �les. The current recom-
mendation is to create a directory in the project root directory called m4 
and add macros as individual .m4 �les to it. All �les in this directory will be 
gathered into aclocal.m4 before Autoconf processes con�gure.ac.10

It may now be more apparent why the aclocal.m4 box in Figure 2-2 
couldn�t decide which color it should be. When you�re using it without 
Automake and Libtool, you write aclocal.m4 by hand. However, when you�re 
using it with Automake, the �le is generated by the aclocal utility, and you 
provide project-speci�c macros either in acinclude.m4 or in an m4 directory.

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

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

10. As with acinclude.m4, this gathering is virtual; aclocal.m4 merely contains m4_include state-
ments that reference these other �les in place.
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libtoolize
(shell script)
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config.sub
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Figure 2-4: A data �ow diagram for automake and libtool

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, 
architecture, 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 supported by the Autotools.

Running configure
After running the Autotools, you�re left with a shell script called configure 
and one or more Make�le.in �les. These �les are intended to be shipped 
with your project release distribution packages.11 Your users will download 
these packages, unpack them, and enter ./configure && make from the top-
level project directory. The configure script will generate make�les (called 
Make�le) from the Make�le.in templates created by automake and a con�g.h 
header �le from the con�g.h.in template generated by autoheader.

Automake generates Make�le.in templates rather than make�les because 
without make�les, 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. Make�le.in templates are nearly identical to make�les you might 

11. GPL licensing also requires con�gure.ac and Make�le.am to be shipped with your package, 
and the Autotools ensure that these �les are in the distribution tarball. The reasoning is that 
the GPL requires the full source of a project to be distributed in preferred-editing form. A 
user obtaining the distribution tarball would not be able to edit anything without the base 
source �les for the build system. However, end users need not touch or interact with these 
�les unless they wish to customize the program in a manner not supported by project con-
�guration options.
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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 make�les is that it gives configure the chance to insert platform char-
acteristics and user-speci�ed optional features directly into the make�les. 
This makes them a better �t for their target platforms and the end user�s 
build preferences. Finally, the make�les can also be generated outside the 
source tree, which means you can create custom build systems in differ-
ent directories for the same source directory tree. I�ll discuss this topic in 
greater detail in �Building Outside the Source Directory� on page 28.

Figure 2-5 illustrates the interaction between configure and the scripts it 
executes during the con�guration process in order to create the make�les 
and the con�g.h header �le. 

config.cache

configure
(shell script)

config.h
(cpp)

config.site
(m4 / shell)

ltmain.sh
(shell script)

config.status
(shell script)

config.guess

Makefile
(make)

libtool
(shell script)

config.log
(text)

User-provided data filesGenerated scriptsAutotools-provided scripts Generated data files

config.sub
(shell scripts)

config.h.in
(cpp / ac-vars)

Makefile.in
(make / ac-vars)

Figure 2-5: A data �ow diagram for configure

The configure script has a bidirectional relationship with another script 
called config.status. You may have thought that your configure script gen-
erated your make�les. But actually, the only �le (besides a log �le) that 
configure generates is config.status.

The configure script is designed to determine platform characteristics 
and features available on the user�s system, as speci�ed in the maintainer-
written con�gure.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-speci�c con�g.h and make�les, as well as any other 
template-based output �les speci�ed in con�gure.ac.

N O T E 	 As the double-ended fat arrow in Figure 2-5 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 �le called con�g.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 
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for debugging. The con�g.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 vacation and can�t remember which options 
they used to originally generate the project build directory.

N O T E 	 To regenerate make�les and the con�g.h header �les, just enter ./config.status 
from within the project build directory. The output �les will be generated using the 
same options originally used to generate config.status.

The con�g.site �le can be used to customize the way configure works based 
on the --prefix option passed to it. The con�g.site �le is a script, but it�s not 
meant to be executed directly. Rather, configure looks for $(pre�x)/share/con�g​
.site and �sources� it (incorporates it as part of its own script) before execut-
ing any of its own code. This can be a handy way of specifying the same set of 
options for many packages, all destined to be built and installed the same way. 
Since configure is just a shell script, con�g.site should just contain shell code.

The con�g.cache �le is generated by configure when the -C or --config-cache 
options are used. The results of con�guration tests are cached in this �le and 
are reusable by subdirectory configure scripts or by future runs of configure. 
By default, con�g.cache is disabled because it can be a potential source of 
con�guration errors. If you�re con�dent with your con�guration process, 
con�g.cache can really speed up the con�guration process between execu-
tions of configure.

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, they can 
generate a full build environment within an isolated build directory.

In the following example, the user downloads doofabble-3.0.tar.gz, 
unpacks it, and creates two sibling directories called doofabble-3.0.debug 
and doofabble-3.0.release. They change into the doofabble-3.0.debug direc-
tory; execute doofabble�s configure script, using a relative path, with a 
doofabble-speci�c debug option; and then run make from within this same 
directory. Then they switch over to the doofabble-3.0.release directory and 
do the same thing, this time running configure without the debug option:

$ gzip -dc doofabble-3.0.tar.gz | tar xf -
$ mkdir doofabble-3.0.debug
$ mkdir doofabble-3.0.release
$ cd doofabble-3.0.debug
$ ../doofabble-3.0/configure --enable-debug
--snip--
$ make
--snip--
$ cd ../doofabble-3.0.release
$ ../doofabble-3.0/configure
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--snip--
$ make
--snip--

Users generally don�t care about remote build functionality, because all 
they usually want to do is con�gure, build, and install your code on their 
platforms. Maintainers, on the other hand, �nd remote build functional-
ity very useful, as it allows them to not only maintain a reasonably pristine 
source tree but also to maintain multiple build environments for their proj-
ect, each with complex con�guration options. Rather than recon�gure a 
single build environment, a maintainer can simply switch to another build 
directory that has been con�gured with different options.

There is one case, however, where a user might wish to use remote-
build. Consider the case where one obtains the full unpacked source code 
of a project on CD or has access to it via a read-only NFS mount. The ability 
to build outside the source tree can grant the ability to build the project 
without having to copy it to writable media.

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 2-6 depicts the interaction between make and the make�les that 
are generated during the build process.

N O T E 	 There has been some discussion on the Autotools mailing lists during the last few 
years about supporting only GNU make, as modern GNU make is so much more func-
tional than other make utilities. Almost all Unix-y platforms (and even Microsoft 
Windows) have a version of GNU make today, so the rationale for continuing to sup-
port other brands of make is no longer as important as it once was.

As you can see, make runs several generated scripts, but these are all 
really ancillary to the make process. The generated make�les contain com-
mands 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 con�guration script.

libtool
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make
(binary program)

Makefile
(make)

Project Sources
(language of choice)

missing

install-sh

mkinstalldirs
(shell scripts)

Project
Targets

Generated scripts

Generated data files

System tools

User-provided data files

Figure 2-6: A data �ow diagram for make
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Installing the Most Up-to-Date Autotools
If you�re running a variant of Linux and you�ve chosen to install the com-
pilers 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 (if you 
don�t have the which utility on your system, try type -p instead):

$ which autoconf
/usr/local/bin/autoconf
$
$ autoconf --version
autoconf (GNU Autoconf) 2.69
Copyright (C) 2012 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) 1.15
Copyright (C) 2014 Free Software Foundation, Inc.
License GPLv2+: GNU 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
$
$ libtool --version

libtool (GNU libtool) 2.4.6
Written by Gordon Matzigkeit, 1996

Copyright (C) 2014 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.
$

N O T E 	 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 the which command here.
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If you choose to download, build, and install the latest released 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 using your system package manager (for 
example, yum or apt), or from source, using their GNU distribution source 
archives. The latter can be done with the following commands (be sure to 
change the version numbers as necessary):

$ mkdir autotools && cd autotools
$ wget -q https://ftp.gnu.org/gnu/autoconf/autoconf-2.69.tar.gz
$ wget -q https://ftp.gnu.org/gnu/autoconf/autoconf-2.69.tar.gz.sig
$ gpg autoconf-2.69.tar.gz.sig
gpg: assuming signed data in `autoconf-2.69.tar.gz'
gpg: Signature made Tue 24 Apr 2012 09:17:04 PM MDT using RSA key ID 2527436A
gpg: Can't check signature: public key not found
$
$ gpg --keyserver keys.gnupg.net --recv-key 2527436A
gpg: requesting key 2527436A from hkp server keys.gnupg.net
gpg: key 2527436A: public key "Eric Blake <eblake@redhat.com>" imported
gpg: key 2527436A: public key "Eric Blake <eblake@redhat.com>" imported
gpg: no ultimately trusted keys found
gpg: Total number processed: 2
gpg:               imported: 2  (RSA: 2)$ gpg autoconf-2.69.tar.gz.sig
gpg: assuming signed data in `autoconf-2.69.tar.gz'
gpg: Signature made Tue 24 Apr 2012 09:17:04 PM MDT using RSA key ID 2527436A
gpg: Good signature from "Eric Blake <eblake@redhat.com>"
gpg:                 aka "Eric Blake (Free Software Programmer) <ebb9@byu.net>"
gpg:                 aka "[jpeg image of size 6874]"
gpg: WARNING: This key is not certified with a trusted signature!
gpg:          There is no indication that the signature belongs to the owner.
Primary key fingerprint: 71C2 CC22 B1C4 6029 27D2  F3AA A7A1 6B4A 2527 436A
$
$ gzip -cd autoconf* | tar xf -
$ cd autoconf*/
$ ./configure && make all check
        # note – a few tests (501 and 503, for example) may fail
        # – this is fine for this release)
--snip--
$ sudo make install
--snip--
$ cd ..
$ wget -q https://ftp.gnu.org/gnu/automake/automake-1.16.1.tar.gz
$ wget -q https://ftp.gnu.org/gnu/automake/automake-1.16.1.tar.gz.sig
$ gpg automake-1.16.1.tar.gz.sig
gpg: assuming signed data in `automake-1.16.1.tar.gz'
gpg: Signature made Sun 11 Mar 2018 04:12:47 PM MDT using RSA key ID 94604D37
gpg: Can't check signature: public key not found
$
$ gpg --keyserver keys.gnupg.net --recv-key 94604D37
gpg: requesting key 94604D37 from hkp server keys.gnupg.net
gpg: key 94604D37: public key "Mathieu Lirzin <mthl@gnu.org>" imported
gpg: no ultimately trusted keys found
gpg: Total number processed: 1
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gpg:               imported: 1  (RSA: 1)
$
$ gpg automake-1.16.1.tar.gz.sig
gpg: assuming signed data in `automake-1.16.1.tar.gz'
gpg: Signature made Sun 11 Mar 2018 04:12:47 PM MDT using RSA key ID 94604D37
gpg: Good signature from "Mathieu Lirzin <mthl@gnu.org>"
gpg:                 aka "Mathieu Lirzin <mthl@openmailbox.org>"
gpg:                 aka "Mathieu Lirzin <mathieu.lirzin@openmailbox.org>"
gpg: WARNING: This key is not certified with a trusted signature!
gpg:          There is no indication that the signature belongs to the owner.
Primary key fingerprint: F2A3 8D7E EB2B 6640 5761  070D 0ADE E100 9460 4D37
$
$ gzip -cd automake* | tar xf -
$ cd automake*/
$ ./configure && make all check
--snip--
$ sudo make install
--snip--
$ cd ..
$ wget -q https://ftp.gnu.org/gnu/libtool/libtool-2.4.6.tar.gz
$ wget -q https://ftp.gnu.org/gnu/libtool/libtool-2.4.6.tar.gz.sig
$ gpg libtool-2.4.6.tar.gz.sig
gpg: assuming signed data in `libtool-2.4.6.tar.gz'
gpg: Signature made Sun 15 Feb 2015 01:31:09 PM MST using DSA key ID 2983D606
gpg: Can't check signature: public key not found
$
$ gpg --keyserver keys.gnupg.net --recv-key 2983D606
gpg: requesting key 2983D606 from hkp server keys.gnupg.net
gpg: key 2983D606: public key "Gary Vaughan (Free Software Developer) <gary@vaughan.pe>" 
imported
gpg: key 2983D606: public key "Gary Vaughan (Free Software Developer) <gary@vaughan.pe>" 
imported
gpg: no ultimately trusted keys found
gpg: Total number processed: 2
gpg:               imported: 2  (RSA: 1)
$
$ gpg libtool-2.4.6.tar.gz.sig
gpg: assuming signed data in `libtool-2.4.6.tar.gz'
gpg: Signature made Sun 15 Feb 2015 01:31:09 PM MST using DSA key ID 2983D606
gpg: Good signature from "Gary Vaughan (Free Software Developer) <gary@vaughan.pe>"
gpg:                 aka "Gary V. Vaughan <gary@gnu.org>"
gpg:                 aka "[jpeg image of size 9845]"
gpg: WARNING: This key is not certified with a trusted signature!
gpg:          There is no indication that the signature belongs to the owner.
Primary key fingerprint: CFE2 BE70 7B53 8E8B 2675  7D84 1513 0809 2983 D606
$
$ gzip -cd libtool* | tar xf -
$ cd libtool*/
$ ./configure && make all check
--snip--
$ sudo make install
--snip--
$ cd ..
$
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The preceding example shows how to use the associated .sig �les to vali-
date the signature on GNU packages. The example assumes you have not 
con�gured a gpg key server on your system and that you have not installed 
the public key for any of these packages. If you have already con�gured a 
preferred key server, you can skip the gpg command line --keyserver options. 
Once you�ve imported the public keys for these packages, you need not 
do it again.

You may also wish to install in a manner that does not require root 
access via sudo. To do this, execute configure with a --prefix option such as 
--prefix=$HOME/autotools and then add ~/autotools/bin to your PATH environ-
ment variable.

You should now be able to successfully execute the version-check 
commands from the previous example. If you still see older versions, 
ensure your PATH environment variable properly contains /usr/local/bin 
(or wherever you installed to) before /usr/bin.

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

In Chapter 3, we�ll step away from the Autotools brie�y and begin cre-
ating a hand-coded build system for a toy project called Jupiter. 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 3 is one 
of the most important chapters in this book, because it will get you past any emotional 
stigma you may have associated with the Autotools due to misconceptions.
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U N D E R S T A N D I N G  T H E  G N U 

C O D I N G  S T A N D A R D S

In Chapter 2, 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. You will, in fact, be 
well on your way to becoming an Autotools expert.

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!�
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publishing, and distributing free, open source software. Even many non-
GNU open source software projects align themselves with the GCS. Why? 
Well, the FSF invented the concept of free software, and the 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 soft-
ware, and the GCS takes most of them into account.

W H AT’S IN A N A ME?

You probably know that open source software projects generally have quirky 
names�they might be named after some device, an invention, a Latin term, 
a past hero, an ancient god, or they might be named after some small, furry 
animal that has (vaguely) similar characteristics to the software. Some names 
are just made-up words or acronyms that are catchy and easy to pronounce. 
Another signi�cant characteristic of a good project name is uniqueness�it�s 
important that your project be easy to distinguish from others. You also want 
your project name to be easy to distinguish from any other uses of the name in 
a search engine. Additionally, you should ensure that 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. We�ll call our project Jupiter 
and create a project directory structure using the following commands:

$ cd projects
$ mkdir -p jupiter/src
$ cd jupiter
$ touch Makefile src/Makefile jupiter/src/main.c
$

We now have one source code directory called src, one C source �le 
called main.c, and a make�le for each of the two directories in our project. 
Minimal, yes, but this is a new endeavor and the key to a successful 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 make�le does very little at 
this point; it merely passes requests down to src/Make�le, recursively. This 

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-speci�c software projects. Thus, it 
had a large part in making these standards publicly visible and widely used.
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constitutes a fairly common type of build system, known as a recursive build 
system, so named because make�les recursively invoke make on subdirectory 
make�les.6 We�ll spend a little time at the end of this chapter considering 
how to convert our recursive system into a nonrecursive system.

Listings 3-1 through 3-3 show the contents of each of these three �les, 
thus far.

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

.PHONY: all clean

Listing 3-1: Make�le: An initial draft of a top-level make�le for Jupiter

all: jupiter

jupiter: main.c
        gcc -g -O0 -o $@ main.c
clean:
        -rm jupiter

.PHONY: all clean

Listing 3-2: src/Make�le: The �rst draft of Jupiter�s src directory make�le

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

int main(int argc, char * argv[])
{
    printf("Hello from %s!\n", argv[0]);
    return 0;
}

Listing 3-3: src/main.c: The �rst version of the only C source �le in the Jupiter project

N O T E 	 As you read this code, you will probably notice places where a make�le or a source 
code �le 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 mad-
ness: I�ve tried to use constructs that are portable to many �avors of the make utility.

Now let�s discuss the basics of make. If you�re already pretty well versed 
in it, 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.

6. Peter Miller�s seminal paper �Recursive Make Considered Harmful� (http://aegis.source​
forge.net/auug97.pdf), published over 20 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.

Git tag 3.0
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interpreted as a rule, 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 make�les�always and only before commands.7

Note that almost everything in a rule is optional; the only required 
aspect of a rule is the targets portion and its colon (:) character. Use of the 
�rst command, command-0 and its preceding semicolon (;), is an optional 
form that�s generally discouraged by the Autotools, but is perfectly legiti-
mate make syntax if you have a single command to execute. You may even 
combine command-0 with additional commands, but this almost never done.

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 therefore they should be updated �rst.8

Listing 3-5 shows the general layout of a make�le.

var1 = val1
var2 = val2
--snip--
target1 : t1_dep1 t1_dep2 ... t1_depN
<tab>shell-command1a
<tab>shell-command1b
--snip--
target2 : t2_dep1 t2_dep2 ... t2_depN
<tab>shell-command2a
<tab>shell-command2b
--snip--

Listing 3-5: The general layout of a make�le

The contents of a make�le comprise a declarative language wherein you 
de�ne a set of desired goals and make decides the best way to accomplish 
those goals. The make utility is a rule-based command engine, and the rules 
at work indicate which commands should be executed and when. When you 
de�ne commands within rules, you�re telling make that you want it to execute 
each of the following statements from a shell whenever the preceding target 
should be built. Presumably, the commands actually do create or update 
the target. The existence and timestamps of the �les mentioned in the tar-
gets and dependencies of rules indicate whether the commands should be 
executed and in what order.

As make processes the text in a make�le, it builds a web of dependency 
chains (technically called a directed acyclic graph, or DAG). When building a 
particular target, make must walk backward through the entire graph to the 
beginning of each �chain.� While traversing a chain, make executes the com-
mands for each rule, beginning with the rule farthest from the target and 

7. In the spirit of full disclosure, it is possible to use TAB characters at the start of some other 
lines, but you have to be careful not to accidentally trick make into thinking you�re building a 
rule, so I �nd it easiest to simply not use TAB except at the start of commands.

8. You�ll often hear dependencies referred to as prerequisites for this reason. In fact, the GNU 
Make Manual calls dependencies �prerequisites� and commands �recipes.�
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working forward to the rule for the desired target. As make discovers targets 
that are older than their dependencies, it must execute the associated set 
of commands to update those targets before it can process the next rule in 
the chain. As long as the rules are written correctly, this algorithm ensures 
that make will build a completely up-to-date product using the least num-
ber of operations possible. Indeed, as we�ll see shortly, when the rules in a 
make�le are written properly, it�s rather a joy to watch it run after various 
changes to �les in the project.

Variables
Lines in a make�le containing an equal sign (=) are variable de�nitions. 
Variables in make�les are somewhat similar to shell or environment vari-
ables, but there are some key differences.

In Bourne-shell syntax, you�d reference a variable in this manner: 
${my_var}. Equally viable, without the curly brackets, is $my_var. The syntax 
for referencing variables in a make�le is nearly identical, except that you 
have the choice of using curly brackets or parentheses: $(my_var). To mini-
mize confusion, it has become somewhat of a convention to use paren-
theses rather than curly brackets when dereferencing make variables. For 
single-character make variables, using these delimiters is optional, but you 
should use them in order to avoid ambiguity. For example, $X is function-
ally equivalent to $(X) or ${X}, but $(my_var) would require parentheses so 
make does not interpret the reference as $(m)y_var.

N O T E 	 To dereference a shell variable inside a make command, escape the dollar sign by dou-
bling it�for example, $${shell_var}. Escaping the dollar sign tells make not to interpret 
the variable reference but rather to treat it as literal text in the command. The variable 
reference is thus left to be interpolated by the shell when the command is executed.

By default, make reads the process environment into its variable table 
before processing the make�le; this allows you to access most environment 
variables without explicitly de�ning them in the make�le. Note, however, 
that variables set inside the make�le will override those obtained from the 
environment.9 It�s generally not a good idea to depend on the existence of 
environment variables in your build process, although it�s okay to use them 
conditionally. In addition, make de�nes several useful variables of its own, 
such as the MAKE variable, the value of which is the command used to invoke 
make for the current process.

You can assign variables at any point in the make�le. However, you 
should be aware that make processes a make�le in two passes. In the �rst 
pass, it gathers variables and rules into tables and internal structures. In the 
second pass, it resolves dependencies de�ned by the rules, invoking those 
rules as necessary to rebuild the dependencies based on the �lesystem 

9. You can use the -e option on the make command line to reverse this default behavior so 
that variables de�ned within the environment override those de�ned within the make�le. 
However, relying on this option can lead to problems caused by subtle environmental differ-
ences between systems.
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The moral of this story is that you should understand where variables 
will be expanded in make�le constructs so you�re not surprised when make 
refuses to act in a sane manner when it processes your make�le. It is good 
practice (and a good way to avoid headaches) to always assign variables 
before you intend to use them. For more information on immediate and 
deferred expansion of variables in make�les, refer to �How make Reads a 
Make�le� in the GNU Make Manual.

Rules in Detail
The rules used in my examples, known as common make rules, contain a 
single colon character (:). The colon separates targets on the left from 
dependencies on the right.

Remember that targets are products�that is, �lesystem entities that 
can be produced by running one or more commands, such as a C or C++ 
compiler, a linker, or a documentation generator like Doxygen or LaTeX. 
Dependencies, on the other hand, are source objects, or objects from which 
targets are created. These may be computer language source �les, interme-
diate products built by a previous rule, or anything else that can be used by 
a command as a resource.

You can specify any target de�ned within a make�le rule directly on 
the make command line, and make will execute all the commands necessary 
to generate that target.

N O T E 	 If you don�t specify any targets on the make command line, make will use the default 
target�the �rst one it �nds in the makef﻿ile.

For example, a C compiler takes dependency main.c as input and gener-
ates target main.o. A linker then takes dependency main.o as input and gen-
erates a named executable target�program, in this case.

Figure 3-1 shows the �ow of data as it might be speci�ed by the rules 
de�ned in a make�le.

gcc ld

System executables User-provided data files Generated data files

main.c main.o program

Generated executables

print.c

display.c

print.o

display.o

Figure 3-1: A data �ow diagram for the compile and link processes

The make utility implements some fairly complex logic to determine 
when a rule should be run, based on whether a target exists and whether 
it is older than its dependencies. Listing 3-9 shows a make�le containing 
rules, some of which execute the actions in Figure 3-1.
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make to build program, then modi�ed one of the header �les�say print.h�
and then re-executed make? Nothing would happen because make is unaware 
even of the existence of these header �les. As far as make is concerned, you 
didn�t touch anything related to program.

In Listing 3-11, I�ve replaced the sources variable with an objects vari-
able and replaced the list of source �les with a list of object �les. This ver-
sion of the make�le in Listing 3-10 also eliminates redundancy by making 
use of both standard and automatic variables.

objects = main.o print.o display.o

main.o: main.c print.h display.h
print.o: print.c print.h
display.o: display.c display.h

program: $(objects)
        gcc -g -O2 -o $@ $(objects)

Listing 3-11: Using automatic variables in a command

I�ve also added three dependency rules, which are rules without com-
mands that clarify the relationships between compiler output �les and 
dependent source and header �les. Because print.h and display.h are (pre-
sumably) included by main.c, main.c must be recompiled if either of those 
�les changes; however, make has no way of knowing that these two header 
�les are included by main.c. Dependency rules allow the developer to tell 
make about such backend relationships.

Implicit Rules

If you attempt to mentally follow the dependency graph that make would 
build from the rules within the make�le in Listing 3-11, you�ll �nd what 
appears to be a hole in the web. According to the last rule in the �le, the 
program executable depends on main.o, print.o, and display.o. This rule also 
provides the command to link these objects into an executable (using the 
compiler merely to call the linker this time). The object �les are tied to 
their corresponding C source and header �les by the three dependency 
rules. But where are the commands that compile the .c �les into .o f﻿iles?

We could add these commands to the dependency rules, but there�s 
really no need because make has a built-in rule that knows how to build .o 
�les from .c �les. There�s nothing magic about make�it only knows about 
the relationships you describe to it through the rules you write. But make 
does have certain built-in rules that describe the relationships between, 
for example, .c �les and .o �les. This particular built-in rule provides com-
mands for building anything with a .o extension from a �le of the same base 
name with a .c extension. These built-in rules are called suf�x rules or, more 
generally, implicit rules, because the name of the dependency (source �le) is 
implied by the name of the target (object �le).

To make the built-in implicit rules more widely usable, their com-
mands often consume well-known make variables. If you set those variables, 
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on the command line, the make utility attempts to build the �rst explicitly 
de�ned target within the �le called Make�le in the current directory. If we 
wanted to make program the default target, we could rearrange the rules so 
the program rule would be the �rst one listed in the make�le.

To see the dependency rules in action, touch one of the header �les 
and then rebuild the program target:

$ touch display.h
$ make program
cc -c -o main.o main.c
cc -c -o display.o display.c
gcc -g -O0 -o program main.o print.o display.o
$

After display.h was updated, only display.o, main.o, and program were 
rebuilt. The print.o object didn�t need to be rebuilt because print.c doesn�t 
depend on display.h, according to the rules speci�ed in the make�le.

Phony Targets

Targets are not always �les. They can also be so-called phony targets, as in 
the case of all and clean. These targets don�t refer to true products in the 
�lesystem but rather to particular outcomes or actions�when you make 
these targets, the project is cleaned, all products are built, and so on.

Multiple Targets

In the same way that you can list multiple dependencies within a rule on 
the right side of a colon, you can combine rules for multiple targets with the 
same dependencies and commands by listing the targets on the left side of a 
colon, as shown in Listing 3-12.

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

Listing 3-12: Using multiple targets in a rule

While it may not be immediately apparent, this example contains 
two separate rules: one for each of the two targets, all and clean. Because 
these two rules have the same set of dependencies (none, in this case) 
and the same set of commands, we�re able to take advantage of a short-
hand notation supported by make that allows us to combine their rules into 
one specif﻿ication.

To help you understand this concept, consider the $@ variable in 
Listing 3-12. Which target does it refer to? Well, that depends on which 
rule is currently executing�the one for all or the one for clean. Since 
a rule can only be executed on a single target at any given time, $@ can 
only ever refer to one target, even when the controlling rule speci�cation 
contains several.
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Resources for Makefile Authors
GNU make is signi�cantly more powerful than the original AT&T UNIX make 
utility, although GNU make is completely backward compatible, as long as 
you avoid GNU extensions. The GNU Make Manual17 is available online, and 
O�Reilly has published an excellent book on the original AT&T UNIX make 
utility18 and all of its many nuances. While you can still �nd this title, the 
publisher has since merged its content into a new edition that also covers 
GNU make extensions.19

This concludes the general discussion of make�le syntax and the make 
utility, although we will look at additional make�le constructs as we encoun-
ter them throughout the rest of this chapter. With this general information 
behind us, let�s return to the Jupiter project and begin adding some more 
interesting functionality.

Creating a Source Distribution Archive
In order to actually get source code for Jupiter to our users, we�re going to 
have to create and distribute a source archive�a tarball. We could write a 
separate script to create the tarball, but since we can use phony targets to 
create arbitrary sets of functionality in make�les, let�s design a make target to 
perform this task instead. Building a source archive for distribution is usu-
ally relegated to the dist target.

When designing a new make target, we need to consider whether its func-
tionality should be distributed among the make�les of the project or han-
dled in a single location. Normally, the rule of thumb is to take advantage 
of a recursive build system�s nature by allowing each directory to manage 
its own portions of a process. We did just this in Listing 3-1 when we passed 
control of building the jupiter program down to the src directory, where 
the source code is located. However, building a compressed archive from 
a directory structure isn�t really a recursive process.20 This being the case, 
we�ll have to perform the entire task in one of the two make�les.

Global processes are often handled by the make�le at the highest rele-
vant level in the project directory structure. We�ll add the dist target to our 
top-level make�le, as shown in Listing 3-13.

17. See the Free Software Foundation�s GNU Make Manual at http://www.gnu.org/software 
/make/manual/.

18. Andy Oram and Steve Talbott, Managing Projects with make, Second Edition (Sebastopol, 
CA: O�Reilly Media, 1991), http://oreilly.com/catalog/9780937175903/.

19. Robert Mecklenburg, Managing Projects with GNU Make, Third Edition: The Power of GNU 
make for Building Anything (Sebastopol, CA: O�Reilly Media, 2004), http://www.oreilly.com/
catalog/9780596006105/.

20. Well, okay, it is a recursive process, but the recursive portions of the process are tucked 
away inside the tar utility.
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It�s best to use the at sign judiciously. I usually reserve it for commands 
I never want to see, such as echo statements. If you like quiet build systems, 
consider using the global .SILENT directive in your make�les. Or better still, 
simply do nothing, thereby allowing the user the option of adding the -s 
option to their make command lines. This enables the user to choose how 
much noise they want to see.

Automatically Testing a Distribution
The rule for building the archive directory is probably the most frustrating 
rule in this make�le because it contains commands to copy individual �les 
into the distribution directory. Every time we change the �le structure in 
our project, we have to update this rule in our top-level make�le, or we�ll 
break the dist target. But there�s nothing more we can do�we�ve made the 
rule as simple as possible. Now we just have to remember to manage this 
process properly.

Unfortunately, though, even worse things than breaking the dist target 
could happen if you forget to update the distdir rule�s commands. It may 
appear that the dist target is working, but it may not actually be copying all 
of the required �les into the tarball. In fact, it is far more likely that this, 
rather than an error, will occur, because adding �les to a project is a more 
common activity than moving them around or deleting them. New �les will 
not be copied, but the dist rule won�t notice the difference.

There is a way to perform a sort of self-check on the dist target. We can 
create another phony target, called distcheck, that does exactly what our 
users will do: unpack the tarball and build the project. We can have this 
rule�s commands perform this task in a temporary directory. If the build 
process fails, then the distcheck target will break, telling us that we forgot 
something crucial in our distribution.

Listing 3-15 shows the modi�cations to our top-level make�le that are 
required to implement the distcheck target.

--snip--
$(distdir): FORCE
        mkdir -p $(distdir)/src
        cp Makefile $(distdir)
        cp src/Makefile src/main.c $(distdir)/src

distcheck: $(distdir).tar.gz
        gzip -cd $(distdir).tar.gz | tar xvf -
        cd $(distdir) && $(MAKE) all
        cd $(distdir) && $(MAKE) clean
        rm -rf $(distdir)
        @echo "*** Package $(distdir).tar.gz is ready for distribution."
--snip--
.PHONY: FORCE all clean dist distcheck

Listing 3-15: Make�le: Adding a distcheck target to the top-level make�le

Git tag 3.3
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The distcheck target depends on the tarball itself, so the rule that builds 
the tarball is executed �rst. The make utility then executes the distcheck com-
mands, which unpack the tarball just built and then recursively run make on 
the all and clean targets within the resulting directory. If that process suc-
ceeds, the distcheck target prints out a message indicating that your users 
will likely not have a problem with this tarball.

Now all you have to do is remember to execute make distcheck before you 
post your tarballs for public distribution!

Unit Testing, Anyone?
Some people insist that unit testing is evil, but the only honest rationale they 
can come up with for not doing it is laziness. Proper unit testing is hard work, 
but it pays off in the end. Those who do it have learned a lesson (usually in 
childhood) about the value of delayed grati�cation.

A good build system should incorporate proper unit testing. The most 
commonly used target for testing a build is the check target, so we�ll go ahead 
and add it in the usual manner. The actual unit test should probably go in 
src/Make�le because that�s where the jupiter executable is built, so we�ll pass 
the check target down from the top-level make�le.

But what commands do we put in the check rule? Well, jupiter is a pretty 
simple program�it prints the message Hello from some/path/jupiter! where 
some/path depends on the location from which jupiter was executed. I�ll use 
the grep utility to test that jupiter actually outputs such a string.

Listings 3-16 and 3-17 illustrate the modi�cations to our top-level and 
src directory make�les, respectively.

--snip--
all clean check jupiter:
        cd src && $(MAKE) $@
--snip--
.PHONY: FORCE all clean check dist distcheck

Listing 3-16: Make�le: Passing the check target to src/Make�le

--snip--
src/jupiter: src/main.c
        $(CC) $(CFLAGS) $(CPPFLAGS) -o $@ src/main.c

check: all
        ./jupiter | grep "Hello from .*jupiter!"
        @echo "*** ALL TESTS PASSED ***"
--snip--

.PHONY: all clean check

Listing 3-17: src/Make�le: Implementing the unit test in the check target

Note that check depends on all. We can�t really test our products unless 
they are up-to-date, re�ecting any recent source code or build system changes 

Git tag 3.4
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that may have been made. It makes sense that if the user wants to test the 
products, they also want the products to exist and be up-to-date. We can 
ensure they exist and are current by adding all to check�s dependency list.

There�s one more enhancement we can make to our build system: we 
can add check to the list of targets executed by make in our distcheck rule, 
between the commands to make all and clean. Listing 3-18 shows where this 
is done in the top-level make�le.

--snip--
distcheck: $(distdir).tar.gz
        gzip -cd $(distdir).tar.gz | tar xvf -
        cd $(distdir) && $(MAKE) all
        cd $(distdir) && $(MAKE) check
        cd $(distdir) && $(MAKE) clean
        rm -rf $(distdir)
        @echo "*** Package $(distdir).tar.gz is ready for distribution."
--snip--

Listing 3-18: Make�le: Adding the check target to the $(MAKE) command

Now when we run make distcheck, it will test the entire build system 
shipped with the package.

Installing Products
We�ve reached the point where our users� experiences with Jupiter should be 
fairly painless�even pleasant�as far as building the project is concerned. 
Users will simply unpack the distribution tarball, change into the distribution 
directory, and type make. It really can�t get any simpler than that.

But we still lack one important feature�installation. In the case of the 
Jupiter project, this is fairly trivial. There�s only one program, and most 
users would guess correctly that to install it, they should copy jupiter into 
either their /usr/bin or /usr/local/bin directory. More complex projects, 
however, could cause users real consternation over where to put user and 
system binaries, libraries, header �les, and documentation, including man 
pages, info pages, PDF �les, and the more or less obligatory README, 
AUTHORS, NEWS, INSTALL, and COPYING �les generally associated with 
GNU projects.

We don�t really want our users to have to �gure all that out, so we�ll cre-
ate an install target to manage putting things where they go once they�re 
built properly. In fact, why not just make installation part of the all target? 
Well, let�s not get carried away. There are actually a few good reasons for 
not doing this.

First, build and installation are separate logical concepts. The second 
reason is a matter of �lesystem rights. Users have rights to build projects in 
their own home directories, but installation often requires root-level rights 
to copy �les into system directories. Finally, there are several reasons why a 
user may wish to build but not install a project, so it would be unwise to tie 
these actions together.

Git tag 3.5
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While creating a distribution package may not be an inherently recur-
sive process, installation certainly is, so we�ll allow each subdirectory in our 
project to manage installation of its own components. To do this, we need to 
modify both the top-level and the src-level make�les. Changing the top-level 
make�le is easy: since there are no products to be installed in the top-level 
directory, we�ll just pass the responsibility on to src/Make�le in the usual way.

The modi�cations for adding an install target are shown in Listings 3-19 
and 3-20.

--snip--
all clean check install jupiter:
        cd src && $(MAKE) $@
--snip--

.PHONY: FORCE all clean check dist distcheck install

Listing 3-19: Make�le: Passing the install target to src/Make�le

--snip--
check: all
        ./src/jupiter | grep "Hello from .*jupiter!"
        @echo "*** All TESTS PASSED"

install:
        cp jupiter /usr/bin
        chown root:root /usr/bin/jupiter
        chmod +x /usr/bin/jupiter
--snip--

.PHONY: all clean check install

Listing 3-20: src/Make�le: Implementing the install target

In the top-level make�le shown in Listing 3-19, I�ve added install to the 
list of targets passed down to src/Make�le. The installation of �les is handled 
by the src-level make�le shown in Listing 3-20.

Installation is a bit more complex than simply copying �les. If a �le is 
placed in the /usr/bin directory, then root should own it so that only root can 
delete or modify it. Additionally, the jupiter binary should be �agged exe-
cutable, so I�ve used the chmod command to set the mode of the �le as such. 
This is probably redundant, as the linker ensures that jupiter is created as 
an executable �le, but some types of executable products are not generated 
by a linker�shell scripts, for example.

Now our users can just type the following sequence of commands and 
the Jupiter project will be built, tested, and installed with the correct system 
attributes and ownership on their platforms:

$ gzip -cd jupiter-1.0.tar.gz | tar xf -
$ cd jupiter-1.0
$ make all check
--snip--
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Uninstalling a Package
What if a user doesn�t like our package after they�ve installed it, and they 
just want to get it off their system? This is a fairly likely scenario for the 
Jupiter project, as it�s rather useless and takes up valuable space in the bin 
directory. In the case of your projects, however, it�s more likely that a user 
would want to do a clean install of a newer version of the project or replace 
the test build they downloaded from the project website with a profession-
ally packaged version that comes with their Linux distribution. Support for 
an uninstall target would be very helpful in situations like these.

Listings 3-23 and 3-24 show the addition of an uninstall target to our 
two make�les.

--snip--
all clean check install uninstall jupiter:
        cd src && $(MAKE) $@
--snip--

.PHONY: FORCE all clean check dist distcheck install uninstall

Listing 3-23: Make�le: Adding the uninstall target to the top-level make�le

--snip--
install:
        install -d $(prefix)/bin
        install -m 0755 jupiter $(prefix)/bin

uninstall:
        rm -f $(prefix)/bin/jupiter
        -rmdir $(prefix)/bin >/dev/null 2>&1
--snip--

.PHONY: all clean check install uninstall

Listing 3-24: src/Make�le: Adding the uninstall target to the src-level make�le

As with the install target, this target requires root-level rights if the user 
is using a system pre�x, such as /usr or /usr/local. You should be very careful 
about how you write your uninstall targets; unless a directory belongs speci�-
cally to your package, you shouldn�t assume you created it. If you do, you may 
end up deleting a system directory like /usr/bin!

On the other hand, we did create the directory in the install target if it 
was originally missing, so we should remove it if possible. Here, we can use 
the rmdir command, whose job it is to remove empty directories. Even if the 
directory is a system directory such as /usr/bin, removing it is harmless if it�s 
empty, but rmdir will fail if it�s not empty. Recalling that command failure 
stops the make process, we�ll also pre�x it with a dash character. And we don�t 
really want to see such a failure, so we�ll redirect it�s output to /dev/null.

The list of things to maintain in our build system is getting out of hand. 
There are now two places we need to update when we change our installa-
tion processes: the install and uninstall targets. Unfortunately, this is really 
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about the best we can hope for when writing our own make�les, unless 
we resort to fairly complex shell script commands. But hang in there�in 
Chapter 6, I�ll show you how to rewrite this make�le in a much simpler way 
using GNU Automake.

Testing Install and Uninstall
Now let�s add some code to our distcheck target to test the functionality of 
the install and uninstall targets. After all, it�s fairly important that both of 
these targets work correctly from our distribution tarballs, so we should test 
them in distcheck before declaring the tarball release worthy. Listing 3-25 
illustrates the necessary changes to the top-level make�le.

--snip--
distcheck: $(distdir).tar.gz
        gzip -cd $(distdir).tar.gz | tar xvf -
        cd $(distdir) && $(MAKE) all
        cd $(distdir) && $(MAKE) check
        cd $(distdir) && $(MAKE) prefix=$${PWD}/_inst install
        cd $(distdir) && $(MAKE) prefix=$${PWD}/_inst uninstall
        cd $(distdir) && $(MAKE) clean
        rm -rf $(distdir)
        @echo "*** Package $(distdir).tar.gz is ready for distribution."
--snip--

Listing 3-25: Make�le: Adding distcheck tests for the install and uninstall targets

Note that I used a double dollar sign on the $${PWD} variable references, 
ensuring that make passes the variable reference to the shell with the rest of 
the command line, rather than expanding it inline before executing the 
command. I wanted this variable to be dereferenced by the shell rather 
than by the make utility.24

What we�re doing here is testing to ensure the install and uninstall 
targets don�t generate errors�but this isn�t very likely because all they do is 
install �les into a temporary directory within the build directory. We could 
add some code immediately after the make install command that looks for 
the products that are supposed to be installed, but that�s more than I�m 
willing to do. One reaches a point of diminishing returns, where the code 
that does the checking is just as complex as the installation code�in which 
case, the check becomes pointless.

But there is something else we can do: we can write a more or less 
generic test that checks to see if everything we installed was properly 
removed. Since the stage directory was empty before our installation, it 
had better be in a similar state after we uninstall. Listing 3-26 shows the 
addition of this test.

24. Technically, I didn�t have to do this because the PWD make variable was initialized from the 
environment, but it serves as a good example of this process. Additionally, there are corner 
cases where the PWD make variable is not quite as accurate as the PWD shell variable. It may be left 
pointing to the parent directory on a subdirectory make invocation.
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The Filesystem Hierarchy Standard
You may be wondering by now where I�m getting these directory names. 
What if some Unix system out there doesn�t use /usr or /usr/local? For one 
thing, this is another reason for providing the prefix variable�to allow 
the user some choice in these matters. However, most Unix-like systems 
nowadays follow the Filesystem Hierarchy Standard (FHS) as closely as pos-
sible. The FHS de�nes a number of standard places, including the following 
root-level directories:

/bin /etc /home
/opt /sbin /srv
/tmp /usr /var

This list is by no means exhaustive. I�ve only mentioned the directories 
that are most relevant to our study of open source project build systems. 
In addition, the FHS de�nes several standard locations beneath these root-
level directories. For instance, the /usr directory should contain the follow-
ing subdirectories:

/usr/bin /usr/include /usr/lib
/usr/local /usr/sbin /usr/share
/usr/src

The /usr/local directory should contain a structure very similar to that 
of the /usr directory. The /usr/local directory provides a location for soft-
ware installation that overrides versions of the same packages installed in 
the /usr directory structure, because system software updates often over-
write software in /usr without prejudice. The /usr/local directory structure 
allows a system administrator to decide which version of a package to use 
on their system because /usr/local/bin may be (and usually is) added to 
the PATH before /usr/bin. A fair amount of thought has gone into designing 
the FHS, and the GNU Autotools take full advantage of this consensus of 
understanding.

Not only does the FHS de�ne these standard locations, but it also 
explains in detail what they�re for and what types of �les should be kept 
there. All in all, the FHS leaves you, as project maintainer, just enough �ex-
ibility and choice to keep your life interesting but not enough to make you 
wonder whether you�re installing your �les in the right places.25

25. Before I discovered the FHS, I relied on my personal experience to decide where �les 
should be installed in my projects. Mostly I was right, because I�m a careful guy, but after I 
read the FHS documentation, I went back to some of my past projects with a bit of chagrin 
and changed things around. I heartily recommend you become thoroughly familiar with the 
FHS if you seriously intend to develop Unix software.
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Supporting Standard Targets and Variables
In addition to those I�ve already mentioned, the GNU Coding Standards lists 
some important targets and variables that you should support in your proj-
ects�mainly because your users will expect support for them.

Some of the chapters in the GCS document should be taken with a 
grain of salt (unless you�re actually working on a GNU-sponsored project). 
For example, you probably won�t care much about the C source code for-
matting suggestions in Chapter 5 of the GCS. Your users certainly won�t 
care, so you can use whatever source code formatting style you wish.

That�s not to say that all of Chapter 5 is worthless to non-GNU open 
source projects. The �Portability between System Types� and �Portability 
between CPUs� subsections, for instance, provide excellent information 
on C source code portability. Also, the �Internationalization� subsec-
tion gives some useful tips on using GNU software to internationalize 
your projects. We�ll consider internationalization in greater detail in 
Chapter 11 of this book.

While Chapter 6 of the GCS discusses documentation the GNU way, 
some sections of Chapter 6 describe various top-level text �les commonly 
found in projects, such as the AUTHORS, NEWS, INSTALL, README, and 
ChangeLog �les. These are all bits of information that the well-indoctrinated 
open source software user expects to see in any reputable project.

The really useful information in the GCS document begins in Chapter 7, 
�The Release Process.� This chapter is critical to you as a project maintainer 
because it de�nes what your users will expect of your projects� build systems. 
Chapter 7 contains the de facto standards for the user options that packages 
provide in source-level distributions.

Standard Targets
The �How Con�guration Should Work� subsection of Chapter 7 of the GCS 
de�nes the con�guration process, which I cover brie�y in �Con�guring 
Your Package� on page 77. The �Make�le Conventions� subsection of the 
GCS covers all of the standard targets and many of the standard variables 
that users have come to expect in open source software packages. Standard 
targets de�ned by the GCS include the following:

all install install-html

install-dvi install-pdf install-ps

install-strip uninstall clean

distclean mostlyclean maintainer-clean

TAGS info dvi

html pdf ps

dist check installcheck

installdirs
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You don�t need to support all of these targets, but you should consider 
supporting the ones that make sense for your project. For example, if you 
build and install HTML pages, you should probably consider supporting 
the html and install-html targets. Autotools projects support these and 
more. Some targets are useful to end users, while others are useful only to 
project maintainers.

Standard Variables
Variables you should support as you see �t include those listed in the fol-
lowing table. In order to provide �exibility for the end user, most of these 
variables are de�ned in terms of a few of them and, ultimately, only one of 
them: prefix. For lack of a more standard name, I call these pre�x variables. 
Most of these could be classi�ed as installation directory variables that refer to 
standard locations, but there are a few exceptions, such as srcdir.

These variables are meant to be fully resolved by make, so they�re 
de�ned in terms of make variables, using parentheses rather than curly 
brackets. Table 3-1 lists these pre�x variables and their default values.

Table 3-1: Pre�x Variables and Their Default Values

Variable Default Value

prefix /usr/local
exec_prefix $(prefix)

bindir $(exec_prefix)/bin
sbindir $(exec_prefix)/sbin
libexecdir $(exec_prefix)/libexec
datarootdir $(prefix)/share
datadir $(datarootdir)

sysconfdir $(prefix)/etc
sharedstatedir $(prefix)/com
localstatedir $(prefix)/var
includedir $(prefix)/include
oldincludedir /usr/include
docdir $(datarootdir)/doc/$(package)
infodir $(datarootdir)/info
htmldir $(docdir)

dvidir $(docdir)

pdfdir $(docdir)

psdir $(docdir)

libdir $(exec_prefix)/lib
lispdir $(datarootdir)/emacs/site-lisp
localedir $(datarootdir)/locale

(continued)
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Table 3-1 (continued)

Variable Default Value

mandir $(datarootdir)/man
manNdir $(mandir)/manN (N = 1..9)
manext .1
manNext .N (N = 1..9)
srcdir The source-tree directory corresponding to the 

current directory in the build tree

Autotools-based projects support these and other useful variables 
automatically, as needed; Automake provides full support for them, while 
Autoconf�s support is more limited. If you write your own make�les and 
build systems, you should support as many of these as you use in your build 
and installation processes.

Adding Location Variables to Jupiter
To support the variables that we�ve used so far in the Jupiter project, we need 
to add the bindir variable, as well as any variables that it relies on�in this 
case, the exec_prefix variable. Listings 3-27 and 3-28 show how to do this in 
the top-level and src directory make�les.

--snip--
prefix = /usr/local
exec_prefix = $(prefix)
bindir = $(exec_prefix)/bin
export prefix
export exec_prefix
export bindir
--snip--

Listing 3-27: Make�le: Adding the bindir variable

--snip--
install:
        install -d $(bindir)
        install -m 0755 jupiter $(bindir)

uninstall:
        rm -f $(bindir)/jupiter
        -rmdir $(bindir) >/dev/null 2>&1
--snip--

Listing 3-28: src/Make�le: Adding the bindir variable

Even though we only use bindir in src/Make�le, we have to export prefix, 
exec_prefix, and bindir because bindir is de�ned in terms of exec_prefix, which 
is itself de�ned in terms of prefix. When make runs the install commands, 
it will �rst resolve bindir to $(exec_prefix)/bin, then to $(prefix)/bin, and 
�nally to /usr/local/bin. Thus, src/Make�le needs to have access to all three 
variables during this process.
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How do such recursive variable de�nitions make life better for the end 
user? After all, the user can change the root install location from /usr/local 
to /usr by simply typing the following:

$ make prefix=/usr install
--snip--

The ability to change pre�x variables at multiple levels is particularly 
useful to a Linux distribution packager (an employee or volunteer at a 
Linux company whose job it is to professionally package your project as a 
.deb or .rpm package) who needs to install packages into very speci�c system 
locations. For example, a distro packager could use the following command 
to change the installation pre�x to /usr and the system con�guration direc-
tory to /etc:

$ make prefix=/usr sysconfdir=/etc install
--snip--

Without the ability to change pre�x variables at multiple levels, 
con�guration �les would end up in /usr/etc because the default value 
of $(sysconfdir) is $(prefix)/etc.

Getting Your Project into a Linux Distro
When a Linux distro picks up your package for distribution, your project 
magically moves from the realm of tens of users to that of tens of thousands 
of users�almost overnight. Some people will be using your software with-
out even knowing it. Since one great value of open source software for the 
developer is free help in making your software better, this can be seen as a 
good thing�a dramatic increase in community size.

By following the GCS within your build system, you remove many of 
the barriers to including your project in a Linux distro. If your tarball fol-
lows all the usual conventions, distro packagers will immediately know what 
to do with it. These packagers generally get to decide, based on needed 
functionality and their feelings about your package, whether it should be 
included in their �avor of Linux. Since they have a fair amount of power in 
this process, it behooves you to please them.

Section 7 of the GCS contains a small subsection that talks about sup-
porting staged installations. It is easy to support this concept in your build 
system, but if you neglect to support it, it will almost always cause problems 
for packagers.

Packaging systems such as the Red Hat Package Manager (RPM) accept 
one or more tarballs, a set of patch �les, and a speci�cation �le. The so-
called spec �le describes the process of building and packaging your project 
for a particular system. In addition, it de�nes all of the products installed 
into the target installation directory structure. The package manager 
software uses this information to install your package into a temporary 
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directory, from which it then pulls the speci�ed products, storing them in a 
special binary archive that the package installation program (for example, 
rpm) understands.

To support staged installation, all you need is a variable named DESTDIR 
that acts as a sort of super-pre�x to all of your installed products. To show 
you how this is done, I�ll add staged installation support to the Jupiter proj-
ect. This is so trivial that it requires only four changes to src/Make�le. The 
required changes are highlighted in Listing 3-29.

--snip--
install:
        install -d $(DESTDIR)$(bindir)
        install -m 0755 jupiter $(DESTDIR)$(bindir)

uninstall:
        rm -f $(DESTDIR)$(bindir)/jupiter
        -rmdir $(DESTDIR)$(bindir) >/dev/null 2>&1
--snip--

Listing 3-29: src/Make�le: Adding staged build functionality

As you can see, I�ve added the $(DESTDIR) pre�x to the $(bindir) refer-
ences in the install and uninstall targets that refer to installation paths. 
You don�t need to de�ne a default value for DESTDIR, because when it is left 
unde�ned, it expands to an empty string, which has no effect on the paths 
to which it�s prepended.

N O T E 	 Do not add a slash after $(DESTDIR), which is usually empty. The pre�x variables 
ultimately resolve to something starting with a slash; adding a slash after $(DESTDIR) 
is therefore redundant and, in some situations, can cause unintended side effects.

I didn�t need to add $(DESTDIR) to the uninstall rule�s rm command for 
the sake of the package manager, because package managers don�t care 
how your package is uninstalled. They only install your package so they can 
copy the products from a stage directory. To uninstall the stage directory, 
package managers simply delete it. Package manager programs such as rpm 
use their own rules for removing products from a system, and these rules 
are based on a package manager database rather than your uninstall target.

However, for the sake of symmetry, and to be complete, it doesn�t hurt 
to add $(DESTDIR) to uninstall. Besides, we need it to be complete for the 
sake of the distcheck target, which we�ll now modify to take advantage 
of our staged installation functionality. This modi�cation is shown in 
Listing 3-30.

--snip--
distcheck: $(distdir).tar.gz
        gzip -cd $(distdir).tar.gz | tar xvf -
        cd $(distdir) && $(MAKE) all
        cd $(distdir) && $(MAKE) check
        cd $(distdir) && $(MAKE) DESTDIR=$${PWD}/inst install
        cd $(distdir) && $(MAKE) DESTDIR=$${PWD}/inst uninstall
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        @remaining="`find $(distdir)/inst -type f | wc -l`"; \
        if test "$${remaining}" -ne 0; then \
          echo "*** $${remaining} file(s) remaining in stage directory!"; \
          exit 1; \
        fi
        cd $(distdir) && $(MAKE) clean
        rm -rf $(distdir)
        @echo "*** Package $(distdir).tar.gz is ready for distribution."
--snip--

Listing 3-30: Make�le: Using DESTDIR in the distcheck target

Changing prefix to DESTDIR in the install and uninstall commands 
allows us to properly test a complete installation directory hierarchy, as we�ll 
see shortly.

At this point, an RPM spec �le could provide the following text as the 
installation commands for the Jupiter package:

%install
make prefix=/usr DESTDIR=%BUILDROOT install

Don�t worry about package manager �le formats. Instead, just focus on 
providing staged installation functionality through the DESTDIR variable.

You may be wondering why the prefix variable couldn�t provide this 
functionality. For one thing, not every path in a system-level installation is 
de�ned relative to the prefix variable. The system con�guration directory 
(sysconfdir), for instance, is often de�ned as /etc by packagers. You can see 
in Table 3-1 that the default de�nition of sysconfdir is $(prefix)/etc, so the 
only way sysconfdir would resolve to /etc would be if you explicitly set it to 
do so on the configure or make command line. If you con�gured it that way, 
only a variable like DESTDIR would affect the base location of sysconfdir dur-
ing staged installation. Other reasons for this will become clearer as we talk 
about project con�guration later on in this chapter, and then again in the 
next two chapters.

Build vs. Installation Prefix Overrides
At this point, I�d like to digress slightly to explain an elusive (or at least 
nonobvious) concept regarding prefix and other path variables de�ned in 
the GCS. In the preceding examples, I used pre�x overrides on the make 
install command line, like this:

$ make prefix=/usr install
--snip--

The question I wish to address is: what is the difference between using 
a pre�x override for make all and for make install? In our small sample 
make�les, we�ve managed to avoid using pre�xes in any targets not related 
to installation, so it may not be clear to you at this point that a pre�x is ever 
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useful during the build stage. However, pre�x variables can be very useful 
during the build stage to substitute paths into source code at compile time, 
as shown in Listing 3-31.

program: main.c
        gcc -DCFGDIR="\"$(sysconfdir)\"" -o $@ main.c

Listing 3-31: Substituting paths into source code at compile time

In this example, I�m de�ning a C-preprocessor variable called CFGDIR 
on the compiler command line for use by main.c. Presumably, there�s some 
code in main.c like that shown in Listing 3-32.

#ifndef CFGDIR
# define CFGDIR "/etc"
#endif
const char *cfgdir = CFGDIR;

Listing 3-32: Substituting CFGDIR at compile time

Later in the code, you might use the C global variable cfgdir to access 
the application�s con�guration �le.

Linux distro packagers often use different pre�x overrides for build 
and install command lines in RPM spec �les. During the build stage, the 
actual runtime directories are hardcoded into the executable using com-
mands like the ./configure command shown in Listing 3-33.

%build
%setup
./configure prefix=/usr sysconfdir=/etc
make

Listing 3-33: The portion of an RPM spec �le that builds the source tree

Note that we have to explicitly specify sysconfdir along with prefix, 
because, as I mentioned earlier, the system con�guration directory is usu-
ally outside of the prefix directory structure. The package manager installs 
these executables into a stage directory so it can then copy them out of 
their installed locations when it builds the binary installation package. 
The corresponding installation commands might look like those shown in 
Listing 3-34.

%install
make DESTDIR=%BUILDROOT% install

Listing 3-34: The installation portion of an RPM spec �le

Using DESTDIR during installation will temporarily override all installa-
tion pre�x variables, so you don�t have to remember which variables you�ve 
overridden during con�guration. Given the con�guration command shown 
in Listing 3-33, using DESTDIR in the manner shown in Listing 3-34 has the 
same effect as the code shown in Listing 3-35.
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%install
make prefix=%BUILDROOT%/usr sysconfdir=%BUILDROOT%/etc install

Listing 3-35: Overriding the default sysconfdir during installation

W A R N I N G 	 The key point here is one that I touched on earlier. Never write your install target to 
build all or even part of your products in your make�les. Installation functionality 
should be limited to copying �les, if possible. Otherwise, your users won�t be able to 
access your staged installation features if they are using pre�x overrides.

Another reason for limiting installation functionality in this way is that 
it allows the user to install sets of packages as a group into an isolated loca-
tion and then create links to the actual �les in the proper locations. Some 
people like to do this when they are testing out a package and want to keep 
track of all its components.26

One �nal point: if you�re installing into a system directory hierarchy, 
you�ll need root permissions. People often run make install like this:

$ sudo make install

If your install target depends on your build targets, and you�ve 
neglected to build them beforehand, make will happily build your program 
before installing it�but the local copies will all be owned by root. This 
inconvenience is easily avoided by having make install fail for lack of things 
to install, rather than jumping right into a build while running as root.

User Variables
The GCS de�nes a set of variables that are sacred to the user. These vari-
ables should be referenced by a GNU build system but never modi�ed by a 
GNU build system. These so-called user variables include those listed in 
Table 3-2 for C and C++ programs.

Table 3-2: Some User Variables and Their Purposes

Variables Purpose

CC A reference to the system C compiler
CFLAGS Desired C compiler �ags
CXX A reference to the system C++ compiler

(continued)

26. Some Linux distributions provide a way of installing multiple versions of common pack-
ages. Java is a great example; to support packages using multiple versions or brands of Java 
(perhaps Oracle Java versus IBM Java), some Linux distributions provide a script set called 
the alternatives scripts. These allow a user (running as root) to swap all of the links in the vari-
ous system directories from one grouped installation to another. Thus, both sets of �les can 
be installed in different auxiliary locations, but links in the expected installation locations 
can be changed to refer to each group at different times with a single root-level command.
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Table 3-2 (continued)

Variables Purpose

CXXFLAGS Desired C++ compiler �ags
LDFLAGS Desired linker �ags
CPPFLAGS Desired C/C++ preprocessor �ags
--snip--

This list is by no means comprehensive, and interestingly, there isn�t a 
comprehensive list to be found in the GCS. In fact, most of these variables 
come from the documentation for the make utility itself. These variables are 
used in the built-in rules of the make utility�they�re somewhat hardcoded 
into make, so they are effectively de�ned by make. You can �nd a fairly com-
plete list of program name and �ag variables in the �Variables Used by 
Implicit Rules� section of the GNU Make Manual.

Note that make assigns default values for many of these variables based on 
common Unix utility names. For example, the default value of CC is cc, which 
(at least on Linux systems) is a soft link to the GCC C compiler (gcc). On 
other systems, cc is a soft link to the system�s own compiler. Thus, we don�t 
need to set CC to gcc, which is good, because GCC may not be installed on 
non-Linux platforms. There may be times when you do wish to set CC on the 
make command line, such as when using an alternative compiler like clang or 
when using the ccache utility to cache gcc results for faster recompilation.

For our purposes, the variables shown in Table 3-2 are suf�cient, but 
for a more complex make�le, you should become familiar with the larger 
list outlined in the GNU Make Manual.

To use these variables in our make�les, we�ll just replace gcc with $(CC). 
We�ll do the same for CFLAGS and CPPFLAGS, although CPPFLAGS will be empty 
by default. The CFLAGS variable has no default value either, but this is a good 
time to add one. I like to use -g to build objects with symbols and -O0 to dis-
able optimizations for debug builds. The updates to src/Make�le are shown 
in Listing 3-36.

CFLAGS = -g -O0
--snip--
jupiter: main.c
        $(CC) $(CPPFLAGS) $(CFLAGS) -o $@ main.c
--snip--

Listing 3-36: src/Make�le: Adding appropriate user variables

This works because the make utility allows such variables to be over-
ridden by options on the command line. For example, to switch compil-
ers and set some compiler command line options, a user need only type 
the following:

$ make CC=ccache CFLAGS='-g -O2' CPPFLAGS=-Dtest
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In this case, our user has decided to use the ccache utility instead of gcc, 
generate debug symbols, and optimize their code using level-two optimiza-
tions. They�ve also decided to enable the test option through the use of 
a C-preprocessor de�nition. Note that these variables are set on the make 
command line; this apparently equivalent Bourne-shell syntax will not work 
as expected:

$ CC=ccache CFLAGS='-g -O2' CPPFLAGS=-Dtest make

The reason is that we�re merely setting environment variables in the local 
environment passed to the make utility by the shell. Remember that environ-
ment variables do not automatically override those set in the make�le. To get 
the functionality we want, we could use a little GNU make�speci�c syntax in 
our make�le, as shown in Listing 3-37.

--snip--
CFLAGS ?= -g -O0
--snip--

Listing 3-37: Using the GNU make�speci�c query-assign operator (?=) in a make�le

The ?= operator is a GNU make�speci�c operator, which will only set the 
variable in the make�le if it hasn�t already been set elsewhere. This means 
we can now override these particular variable settings by setting them in 
the environment. But don�t forget that this will only work in GNU make. In 
general, it�s better to set make variables on the make command line.

Nonrecursive Build Systems
Now that we�ve spent all this time creating the perfect build system for our 
project, let�s take a look at a more perfect solution�a nonrecursive system. I 
mentioned at the start of this chapter that there was a problem with recur-
sive builds that we�d discuss at a later point.

The fundamental problem with recursive build systems is that they 
arti�cially introduce �aws into make�s directed graph�the set of rules make 
uses to determine what depends on what and when something needs to be 
rebuilt. For Jupiter, very little can go wrong because there�s one top-level 
make�le invoking make on a single subdirectory make�le, but let�s consider 
a more complex project where multiple submodules, nested arbitrarily 
deeply, are interdependent upon each other in more complex ways.

With a single make�le, the one make process can �see the big picture.� 
That is, it can see and understand all of the interdependencies in the 
system, and it can create a DAG that properly represents all of the inter
dependencies among all of the �lesystem objects within the project. With 
multiple make�les, each child make process executed by parent make can 
see only a portion of the dependency graph. Ultimately, this can cause 
make to build products out of order so that a product that depends on pre-
requisites not within its own purview is built before those prerequisites 
are updated.
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Today�s maintainer, Eric Blake, began making strong contributions 
to Autoconf in 2012. He�s been maintainer of the project ever since while 
working for Red Hat. Because Automake and Libtool are essentially add-on 
components to the original Autoconf framework, it�s useful to spend some 
time focusing on using Autoconf without Automake and Libtool. This will 
provide a fair amount of insight into how Autoconf operates by exposing 
aspects of the tool that are often hidden by Automake.

Before Automake came along, Autoconf was used alone. In fact, many 
legacy open source projects never made the transition from Autoconf to the 
full GNU Autotools suite. As a result, it�s not unusual to �nd a �le called 
con�gure.in (the original Autoconf naming convention), as well as handwrit-
ten Make�le.in templates, in older open source projects.

In this chapter, I�ll show you how to add an Autoconf build system to an 
existing project. I�ll spend most of this chapter talking about the more basic 
features of Autoconf, and in Chapter 5 I�ll go into much more detail about 
how some of the more complex Autoconf macros work and how to properly 
use them. Throughout this process, we�ll continue using the Jupiter project 
as our example.

Autoconf Configuration Scripts
The input to the autoconf program is Bourne shell script sprinkled with macro 
calls. The input data stream must also include the de�nitions of all referenced 
macros�both those that Autoconf provides and those that you write yourself.

The macro language used in Autoconf is called M4. (The name means 
M, plus 4 more letters, or the word Macro.1) The m4 utility is a general-purpose 
macro language processor originally written by Brian Kernighan and Dennis 
Ritchie in 1977.

While you may not be familiar with it, you can �nd some form of M4 on 
every Unix and Linux variant (as well as other systems) in use today. The 
ubiquitous nature of this tool is the main reason it�s used by Autoconf, as 
the original design goals of Autoconf stated that it should be able to run on 
all systems without the addition of complex tool chains and utility sets.2

Autoconf depends on the existence of relatively few tools: a Bourne 
shell, M4, and a Perl interpreter. The con�guration scripts and make�les 
it generates rely on the existence of a different set of tools, including a 
Bourne shell, grep, ls, and sed or awk.3

1. As a point of interest, this naming convention is a fairly common practice in some software-
engineering domains. For example, the term internationalization is often abbreviated i18n, for 
the sake of brevity (or perhaps just because programmers love acronyms).

2. In fact, whatever notoriety M4 may have today is likely due to the widespread use of Autoconf.

3. Autoconf versions 2.62 and later generate con�guration scripts that require awk in addition 
to sed on the end user�s system.
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N O T E 	 Do not confuse the requirements of the Autotools with the requirements of the scripts 
and make�les they generate. The Autotools are maintainer tools, whereas the result-
ing scripts and make�les are end user tools. We can reasonably expect a higher level 
of installed functionality on development systems than we can on end user systems.

The con�guration script ensures that the end user�s build environment 
is con�gured to properly build your project. This script checks for installed 
tools, utilities, libraries, and header �les, as well as for speci�c functionality 
within these resources. What distinguishes Autoconf from other project con-
�guration frameworks is that Autoconf tests also ensure that these resources 
can be properly consumed by your project. You see, it�s important not only 
that your users have libxyz.so and its public header �les properly installed 
on their systems but also that they have compatible versions of these �les. 
Autoconf is pathological about such tests. It ensures that the end user�s envi-
ronment is in compliance with the project requirements by compiling and 
linking a small test program for each feature�a quintessential example, if 
you will, that does what your project source code does on a larger scale.

Can�t I just ensure that libxyz.2.1.0.so is installed by searching library paths for 
the �lename? The answer to this question is debatable. There are legitimate 
situations where libraries and tools get updated quietly. Sometimes, the spe-
ci�c functionality upon which your project relies is added in the form of a 
security bug �x or enhancement to a library, in which case vendors aren�t 
even required to bump up the version number. But it�s often dif�cult to tell 
whether you�ve got version 2.1.0.r1 or version 2.1.0.r2 unless you look at the 
�le size or call a library function to make sure it works as expected.

Additionally, vendors often backport bug �xes and features from newer 
products onto older platforms without bumping the version number. Hence, 
you can�t tell even by looking at the version number whether the library sup-
ports a feature that was added after that version of the library was published.

However, the most signi�cant reason for not relying on library ver-
sion numbers is that they do not represent speci�c marketing releases of 
a library. As we will discuss in Chapter 8, library version numbers indicate 
binary interface characteristics on a particular platform. This means that 
library version numbers for the same feature set can be different from plat-
form to platform. As a result, you may not be able to tell�short of compil-
ing and linking against the library�whether or not a particular library has 
the functionality your project needs.

Finally, there are several important cases where the same functionality 
is provided by entirely different libraries on different systems. For example, 
you may �nd cursor manipulation functionality in libtermcap on one system, 
libncurses on another, and libcurses on yet another system. But it�s not critical 
that you know about all of these side cases, because your users will tell you 
when your project won�t build on their system because of such a discrepancy.

What can you do when such a bug is reported? You can use the Autoconf 
AC_SEARCH_LIBS macro to test multiple libraries for the same functionality. 
Simply add a library to the search list, and you�re done. Since this �x is so 
easy, it�s likely the user who noticed the problem will simply send a patch to 
your con�gure.ac �le.
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Because Autoconf tests are written in shell script, you have a lot of 
�exibility as to how the tests operate. You can write a test that merely 
checks for the existence of a library or utility in the usual locations on 
your user�s system, but this bypasses some of the most signi�cant features 
of Autoconf. Fortunately, Autoconf provides dozens of macros that conform 
to Autoconf�s feature-testing philosophy. You should carefully study and use 
the list of available macros, rather than write your own, because they�re spe-
ci�cally designed to ensure that the desired functionality is available on the 
widest variety of systems and platforms.

The Shortest configure.ac File
The input �le for autoconf is called con�gure.ac. The simplest possible 
con�gure.ac �le has just two lines, as shown in Listing 4-1.

AC_INIT([Jupiter], [1.0])
AC_OUTPUT

Listing 4-1: The simplest con�gure.ac �le

To those new to Autoconf, these two lines appear to be a couple of func-
tion calls, perhaps in the syntax of some obscure programming language. 
Don�t let their appearance throw you�these are M4 macro invocations. 
The macros are de�ned in �les distributed with the autoconf package. You 
can �nd the de�nition of AC_INIT, for example, in general.m4 in Autoconf�s 
installation directory (usually /usr/(local/)share/autoconf/autoconf). AC_OUTPUT is 
de�ned in status.m4 in the same directory.

Comparing M4 to the C Preprocessor
M4 macros are similar in many ways to the C-preprocessor (CPP) macros 
de�ned in C-language source �les. The C preprocessor is also a text replace-
ment tool, which isn�t surprising: both M4 and the C preprocessor were 
designed and written by Kernighan and Ritchie around the same time.

Autoconf uses square brackets around macro parameters as a quoting 
mechanism. Quotes are necessary only for cases in which the context of the 
macro call could cause an ambiguity that the macro processor may resolve 
incorrectly (usually without telling you). We�ll discuss M4 quoting in much 
more detail in Chapter 16. For now, just use square brackets around every 
argument to ensure that the expected macro expansions are generated.

As with CPP macros, you can de�ne M4 macros to accept a comma-
delimited list of arguments enclosed in parentheses. With CPP, macros 
are de�ned using a preprocessor directive : #define name(args) expansion, while 
in M4, macros are de�ned with a built-in macro: define(name, expansion). 
Another signi�cant difference is that in CPP, the arguments speci�ed in 
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the macro de�nition are required,4 while in M4, the arguments to param-
eterized macros are optional and the caller may simply omit them. If no 
arguments are passed, you can also omit the parentheses. Extra arguments 
passed to M4 macros are simply ignored. Finally, M4 does not allow inter-
vening whitespace between a macro name and the opening parenthesis in a 
macro invocation.

The Nature of M4 Macros
If you�ve been programming in C for many years, you�ve no doubt run across 
a few C-preprocessor macros from the dark regions of the lower realm. I�m 
talking about those truly evil macros that expand into one or two pages of C 
code. They should have been written as C functions, but their authors were 
either overly worried about performance or just got carried away, and now it�s 
your turn to debug and maintain them. But, as any veteran C programmer 
will tell you, the slight performance gains you get by using a macro where you 
should have used a function do not justify the trouble you cause maintainers 
trying to debug your fancy macros. Debugging such macros can be a night-
mare because the source code generated by macros is usually inaccessible 
from within a symbolic debugger.5

Writing such complex macros is viewed by M4 programmers as a sort 
of macro nirvana�the more complex and functional they are, the �cooler� 
they are. The two Autoconf macros in Listing 4-1 expand into a �le contain-
ing almost 2,400 lines of Bourne-shell script that total more than 70KB! But 
you wouldn�t guess this by looking at their de�nitions. They�re both fairly 
short�only a few dozen lines each. The reason for this apparent disparity 
is simple: they�re written in a modular fashion, with each macro expanding 
several others, which in turn expand several others, and so on.

For the same reasons that programmers are taught not to abuse the C 
preprocessor, the extensive use of M4 causes a fair amount of frustration for 
those trying to understand Autoconf. That�s not to say Autoconf shouldn�t 
use M4 this way; quite the contrary�this is the domain of M4. But there is 
a school of thought that says M4 was a poor choice for Autoconf because of 
the problems with macros mentioned earlier. Fortunately, being able to use 
Autoconf effectively usually doesn�t require a deep understanding of the 
inner workings of the macros that ship with it.6

4. I�m ignoring the newer CPP variadic macros in modern preprocessors. M4 has always 
had optional arguments; all M4 macro arguments are optional without special syntax to 
make optional arguments work.

5. A technique I�ve used in the past for debugging large macros involves manually generating 
source code using the C preprocessor and then compiling this generated source. Symbolic 
debuggers can only work with the source code you provide. By providing source with the mac-
ros fully expanded, you enable the debugger to allow you to step through the generated source.

6. There are a few exceptions to this rule. Poor documentation can sometimes lead to a mis-
understanding about the intended use of some of the published Autoconf macros. This book 
highlights a few of these situations, but a degree of expertise with M4 is the only way to work 
your way through most of these problems.
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Executing autoconf
Running Autoconf is simple: just execute autoconf in the same directory as 
your con�gure.ac �le. While I could do this for each example in this chapter, 
I�m going to use the autoreconf program instead of the autoconf program, 
because running autoreconf has exactly the same effect as running autoconf, 
except that autoreconf will also do the right thing when you start adding 
Automake and Libtool functionality to your build system. That is, it will 
execute all of the Autotools in the right order based on the contents of your 
con�gure.ac �le.

The autoreconf program is smart enough to execute only the tools you 
need, in the order you need them, with the options you want (with one 
caveat that I�ll mention shortly). Therefore, running autoreconf is the rec-
ommended method for executing the Autotools tool chain.

Let�s start by adding the simple con�gure.ac �le from Listing 4-1 to our 
project directory. The top-level directory currently contains only a Make�le 
and a src directory that contains its own Make�le and a main.c �le. Once 
you�ve added con�gure.ac to the top-level directory, run autoreconf:

$ autoreconf
$
$ ls -1p
autom4te.cache/
configure
configure.ac
Makefile
src/
$

First, notice that autoreconf operates silently by default. If you want 
to see something happening, use the -v or --verbose option. If you want 
autoreconf to execute the Autotools in verbose mode as well, then add -vv 
to the command line.7

Next, notice that autoconf creates a directory called autom4te.cache. This 
is the autom4te cache directory. This cache speeds up access to con�gure.ac 
during successive executions of utilities in the Autotools tool chain.

The result of passing con�gure.ac through autoconf is essentially the same 
�le (now called configure), but with all of the macros fully expanded. You�re 
welcome to take a look at configure, but don�t be too surprised if you don�t 
immediately understand what you see. The con�gure.ac �le has been trans-
formed, through M4 macro expansions, into a text �le containing thou-
sands of lines of complex Bourne shell script.

7. You may also pass --verbose --verbose, but this syntax seems a bit . . . verbose to me.

Git tag 4.0
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Makefile: Makefile.in config.status
        ./config.status $@

Listing 4-2: A rule that causes make to regenerate Make�le if its template has changed

A rule with a target named Makefile is the trigger here. This rule allows 
make to regenerate the source make�le from its template if the template 
changes. It does this before executing either the user�s speci�ed targets or 
the default target, if no speci�c target was given. This functionality is built 
into make�if there�s a rule whose target is Makefile, make always evaluates that 
rule �rst.

The rule in Listing 4-2 indicates that Make�le is dependent on config​
.status as well as Make�le.in, because if configure updates config.status, it may 
generate Make�le differently. Perhaps different command line options were 
provided so that configure can now �nd libraries and header �les it couldn�t 
�nd previously. In this case, Autoconf substitution variables may have differ-
ent values. Thus, Make�le should be regenerated if either Make�le.in or config 
.status is updated.

Since config.status is itself a generated �le, it stands to reason that you 
could write such a rule to regenerate this �le when needed. Expanding on 
the previous example, Listing 4-3 adds the required code to rebuild config​
.status if configure changes.

Makefile: Makefile.in config.status
        ./config.status $@

config.status: configure
        ./config.status --recheck

Listing 4-3: A rule to rebuild config.status when configure changes

Since config.status is a dependency of the Makefile target, make will look 
for a rule whose target is config.status and run its commands if needed.

Adding Some Real Functionality
I�ve suggested before that you should call config.status in your make�les 
to generate those make�les from templates. Listing 4-4 shows the code 
in con�gure.ac that actually makes this happen. It�s just a single additional 
macro call between the two original lines of Listing 4-1.

AC_INIT([Jupiter],[1.0])
AC_CONFIG_FILES([Makefile src/Makefile])
AC_OUTPUT

Listing 4-4: con�gure.ac: Using the AC_CONFIG_FILES macro

This code assumes that templates exist for Make�le and src/Make�le, 
called Make�le.in and src/Make�le.in, respectively. These template �les look 

Git tag 4.1
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exactly like their Make�le counterparts, with one exception: any text I want 
Autoconf to replace is marked as an Autoconf substitution variable, using 
the @VARIABLE@ syntax.

To create these �les, simply rename the existing Make�le �les to Make�le​
.in in both the top-level and src directories. This is a common practice when 
autocon�scating a project:

$ mv Makefile Makefile.in
$ mv src/Makefile src/Makefile.in
$

With these changes in place, we are now effectively using our new 
con�gure.ac �le in Jupiter to generate make�les. To make it useful, let�s 
add a few Autoconf substitution variables to replace the original default 
values. At the top of these �les, I�ve also added the Autoconf substitution 
variable, @configure_input@, after a comment hash mark. Listing 4-5 shows 
the comment text that is generated in Make�le.

# Makefile. Generated from Makefile.in by configure.
--snip--

Listing 4-5: Make�le: The text generated from the Autoconf @configure_input@ variable

I�ve also added the make�le regeneration rules from the previous 
examples to each of these templates, with slight path differences in each 
�le to account for their different positions relative to config.status and 
configure in the build directory.

Listings 4-6 and 4-7 highlight the required changes to the �nal recur-
sive versions of Make�le and src/Make�le from near the end of Chapter 3. 
We�ll consider writing nonrecursive versions of these �les later as we cover 
Automake�the process when using Autoconf with handwritten Make�le.in 
templates is nearly identical to what we did in Chapter 3 with make�les.9

# @configure_input@

# Package-specific substitution variables
package = @PACKAGE_NAME@
version = @PACKAGE_VERSION@
tarname = @PACKAGE_TARNAME@
distdir = $(tarname)-$(version)

# Prefix-specific substitution variables
prefix = @prefix@
exec_prefix = @exec_prefix@
bindir = @bindir@

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

9. The source repository has a �nonrecursive� branch that contains nonrecursive versions of 
the Autoconf Make�le.in templates. Check out the Git tag 4.8 in the jupiter repository.

Git tag 4.2
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--snip--
$(distdir): FORCE
        mkdir -p $(distdir)/src
        cp configure.ac $(distdir)
        cp configure $(distdir)
        cp Makefile.in $(distdir)
        cp src/Makefile.in src/main.c $(distdir)/src

distcheck: $(distdir).tar.gz
        gzip -cd $(distdir).tar.gz | tar xvf -
        cd $(distdir) && ./configure
        cd $(distdir) && $(MAKE) all
        cd $(distdir) && $(MAKE) check
        cd $(distdir) && $(MAKE) DESTDIR=$${PWD}/_inst install
        cd $(distdir) && $(MAKE) DESTDIR=$${PWD}/_inst uninstall
        @remaining="`find $${PWD}/$(distdir)/_inst -type f | wc -l`"; \
        if test "$${remaining}" -ne 0; then \
          echo "*** $${remaining} file(s) remaining in stage directory!"; \
          exit 1; \
        fi
        cd $(distdir) && $(MAKE) clean
        rm -rf $(distdir)
        @echo "*** Package $(distdir).tar.gz is ready for distribution."
--snip--
FORCE:
        rm -f $(distdir).tar.gz
        rm -rf $(distdir)

Makefile: Makefile.in config.status
        ./config.status $@

config.status: configure
        ./config.status --recheck

.PHONY: FORCE all clean check dist distcheck install uninstall

Listing 4-6: Make�le.in: Required modi�cations to Make�le from Chapter 3

# @configure_input@

# Package-specific substitution variables
package = @PACKAGE_NAME@
version = @PACKAGE_VERSION@
tarname = @PACKAGE_TARNAME@
distdir = $(tarname)-$(version)

# Prefix-specific substitution variables
prefix = @prefix@
exec_prefix = @exec_prefix@
bindir = @bindir@

CFLAGS = -g -O0
--snip--
clean:
        rm -f jupiter
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Makefile: Makefile.in ../config.status
        cd .. && ./config.status src/$@

../config.status: ../configure
        cd .. && ./config.status --recheck

.PHONY: all clean check install uninstall

Listing 4-7: src/Make�le.in: Required modi�cations to src/Make�le from Chapter 3

I�ve removed the export statements from the top-level Make�le.in and 
added a copy of all the make variables (originally only in the top-level 
Make�le) into src/Make�le.in. Since config.status generates both of these 
�les, I can reap excellent bene�ts by substituting values for these variables 
directly into both �les. The primary advantage of doing this is that I can 
now run make in any subdirectory without worrying about uninitialized 
variables that would originally have been passed down by a higher-level 
make�le.

Since Autoconf generates entire values for these make variables, you 
may be tempted to clean things up a bit by removing the variables and 
just substituting @prefix@ where we currently use $(prefix) throughout the 
�les. There are a few good reasons for keeping the make variables. First and 
foremost, we�ll retain the original bene�ts of the make variables; our end 
users can continue to substitute their own values on the make command 
line. (Even though Autoconf places default values in these variables, users 
may wish to override them.) Second, for variables such as $(distdir), whose 
values are composed of multiple variable references, it�s simply cleaner to 
build the name in one place and use it everywhere else through a single 
variable.

I�ve also changed the commands in the distribution targets a bit. Rather 
than distribute the make�les, I now need to distribute the Make�le.in tem-
plates, as well as the new configure script and the con�gure.ac �le.10

Finally, I modi�ed the distcheck target�s commands to run the configure 
script before running make.

Generating Files from Templates
Note that you can use AC_CONFIG_FILES to generate any text �le from a �le of 
the same name with a .in extension, found in the same directory. The .in 
extension is the default template-naming pattern for AC_CONFIG_FILES, but 
you can override this default behavior. I�ll get into the details shortly.

Autoconf generates sed or awk expressions into the resulting configure script, 
which then copies them into config.status. The config.status script uses these 
expressions to perform string replacement in the input template �les.

10. Distributing con�gure.ac is not merely an act of kindness�it could also be considered 
a requirement of GNU source licenses, since con�gure.ac is very literally the source code 
for configure.
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In this (contrived) example, if make can�t �nd src/main.c in the current 
directory while processing the rule, it will look for some/path/src/main.c, and 
then for some/other/path/src/main.c, and �nally for yet/another/path/src/main.c 
before giving up with an error message about not knowing how to make src/
main.c.

With just a few simple modi�cations, we can completely support remote 
builds in Jupiter. Listings 4-9 and 4-10 illustrate the necessary changes to 
the project�s two make�les.

--snip--
# Prefix-specific substitution variables
prefix = @prefix@
exec_prefix = @exec_prefix@
bindir = @bindir@

# VPATH-specific substitution variables
srcdir = @srcdir@
VPATH = @srcdir@
--snip--
$(distdir): FORCE
        mkdir -p $(distdir)/src
        cp $(srcdir)/configure.ac $(distdir)
        cp $(srcdir)/configure $(distdir)
        cp $(srcdir)/Makefile.in $(distdir)
        cp $(srcdir)/src/Makefile.in $(srcdir)/src/main.c $(distdir)/src
--snip--

Listing 4-9: Make�le.in: Adding VPATH build capabilities to the top-level make�le

--snip--
# Prefix-specific substitution variables
prefix = @prefix@
exec_prefix = @exec_prefix@
bindir = @bindir@

# VPATH-specific substitution variables
srcdir = @srcdir@
VPATH = @srcdir@
--snip--
jupiter: main.c
        $(CC) $(CPPFLAGS) $(CFLAGS) -o $@ $(srcdir)/main.c
--snip--

Listing 4-10: src/Make�le.in: Adding VPATH build capabilities to the lower-level make�le

That�s it. Really. When config.status generates a �le, it replaces an 
Autoconf substitution variable called @srcdir@ with the relative path to 
the template�s source directory. The value substituted for @srcdir@ in a 
given Make�le within the build directory structure is the relative path to 
the directory containing the corresponding Make�le.in template in the 

Git tag 4.3
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The entire build system has been constructed by configure and config​
.status within the build subdirectory. Enter make to build the project from 
within the build directory:

$ make
cd src && make all
make[1]: Entering directory '.../jupiter/build/src'
cc -g -O0 -o jupiter ../../src/main.c
make[1]: Leaving directory '.../jupiter/build/src'
$
$ ls -1p src
jupiter
Makefile
$

No matter where you are, if you can access the project directory using 
either a relative or an absolute path, you can do a remote build from that 
location. This is just one more thing that Autoconf does for you in Autoconf-
generated con�guration scripts. Imagine managing proper relative paths to 
source directories in your own hand-coded con�guration scripts!

Let’s Take a Breather
So far, I�ve shown you a nearly complete build system that includes almost 
all of the features outlined in the GCS. The features of Jupiter�s build sys-
tem are all fairly self-contained and reasonably simple to understand. The 
most dif�cult feature to implement by hand is the con�guration script. In 
fact, writing a con�guration script by hand is so labor intensive, compared 
to the simplicity of using Autoconf, that I just skipped the hand-coded ver-
sion entirely in Chapter 3.

Although using Autoconf as I�ve used it here is quite easy, most people 
don�t create their build systems in the manner I�ve shown you. Instead, they 
try to copy the build system of another project and tweak it to make it work 
in their own project. Later, when they start a new project, they do the same 
thing again. This can cause trouble because the code they�re copying was 
never meant to be used the way they�re now trying to use it.

I�ve seen projects in which the con�gure.ac �le contained junk that had 
nothing to do with the project to which it belonged. These leftover bits came 
from some legacy project, but the maintainer didn�t know enough about 
Autoconf to properly remove all the extraneous text. With the Autotools, it�s 
generally better to start small and add what you need than to start with a copy 
of con�gure.ac from another full-featured build system and then try to pare it 
down to size or otherwise modify it to work with a new project.

I�m sure you�re feeling like there�s a lot more to learn about Autoconf, 
and you�re right. We�ll spend the remainder of this chapter examining the 
most important Autoconf macros and how they�re used in the context of 
the Jupiter project. But �rst, let�s go back and see if we might be able to sim-
plify the Autoconf startup process even more by using another utility that 
comes with the Autoconf package.
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Initialization and Package Information
Now let�s turn our attention back to the contents of the con�gure.ac �le in 
Listing 4-11 (and the console example immediately preceding that list-
ing). The �rst section contains Autoconf initialization macros. These are 
required for all projects. Let�s consider each of these macros individually, 
because they�re all important.

AC_PREREQ
The AC_PREREQ macro simply de�nes the earliest version of Autoconf that 
may be used to successfully process this con�gure.ac f﻿ile:

AC_PREREQ(version)

The GNU Autoconf Manual indicates that AC_PREREQ is the only macro that 
may be used before AC_INIT. This is because it�s good to ensure you�re using 
a new enough version of Autoconf before you begin processing any other 
macros, which may be version dependent.

AC_INIT
The AC_INIT macro, as its name implies, initializes the Autoconf system. 
Here�s its prototype, as de�ned in the GNU Autoconf Manual:14

AC_INIT(package, version, [bug-report], [tarname], [url])

It accepts up to �ve arguments (autoscan only generates an invocation 
with the �rst three): package, version, and, optionally, bug-report, tarname, and 
url. The package argument is intended to be the name of the package. It will 
end up (in a canonical form) as the �rst part of the name of an Automake-
generated release distribution tarball when you execute make dist.

N O T E 	 Autoconf uses a normalized form of the package name in the tarball name, so you can 
use uppercase letters in the package name, if you wish. Automake-generated tarballs 
are named tarname-version.tar.gz by default, but tarname is set to a normalized form 
of the package name (lowercase, with all punctuation converted to underscores). Bear 
this in mind when you choose your package name and version string.

The optional bug-report argument is usually set to an email address, 
but any text string is valid�the URL of a web page that accepts bug reports 
for the project is a common alternative. An Autoconf substitution variable 
called @PACKAGE_BUGREPORT@ is created for it, and that variable is also added to 
the con�g.h.in template as a C-preprocessor de�nition. The intent here is 
that you use the variable in your code to present an email address or URL 
for bug reports at appropriate places�possibly when the user requests help 
or version information from your application.

14. The square brackets used in the macro de�nition prototypes within this book (as well as 
the GNU Autoconf Manual) indicate optional parameters, not Autoconf quotes.



Configuring Your Project with Autoconf   101

While the version argument can be anything you like, there are a 
few commonly used OSS conventions that will make things a little easier 
for you. The most widely used convention is to pass in major.minor (for 
example, 1.2). However, there�s nothing that says you can�t use major.minor.
revision, and there�s nothing wrong with this approach. None of the result-
ing VERSION variables (Autoconf, shell, or make) are parsed or analyzed any-
where�they�re only used as placeholders for substituted text in various 
locations.15 So if you wish, you may even add nonnumerical text into this 
macro, such as 0.15.alpha1, which is occasionally useful.16

N O T E 	 The RPM package manager, on the other hand, does care what you put in the ver-
sion string. For the sake of RPM, you may wish to limit the version string text to only 
alphanumeric characters and periods�no dashes or underscores.

The optional url argument should be the URL for your project website. 
It�s shown in the help text displayed by configure --help.

Autoconf generates the substitution variables @PACKAGE_NAME@, @PACKAGE​
_VERSION@, @PACKAGE_TARNAME@, @PACKAGE_STRING@ (a stylized concatenation of the 
package name and version information), @PACKAGE_BUGREPORT@, and @PACKAGE​
_URL@ from the arguments to AC_INIT. You can use any or all of these in your 
Make�le.in template �les.

AC_CONFIG_SRCDIR
The AC_CONFIG_SRCDIR macro is a sanity check. Its purpose is to ensure that 
the generated configure script knows that the directory on which it is being 
executed is actually the project directory.

More speci�cally, configure needs to be able to locate itself, because it 
generates code that executes itself, possibly from a remote directory. There 
are myriad ways to inadvertently fool configure into �nding some other 
configure script. For example, the user could accidentally provide an incor-
rect --srcdir argument to configure. The $0 shell script parameter is unreli-
able, at best�it may contain the name of the shell, rather than that of the 
script, or it may be that configure was found in the system search path, so no 
path information was speci�ed on the command line.

The configure script could try looking in the current or parent direc-
tories, but it still needs a way to verify that the configure script it locates is 
actually itself. Thus, AC_CONFIG_SRCDIR gives configure a signi�cant hint that 
it�s looking in the right place. Here�s the prototype for AC_CONFIG_SRCDIR:

AC_CONFIG_SRCDIR(unique-file-in-source-dir)

15. As far as M4 is concerned, all data is text; thus, M4 macro arguments, including package 
and version, are treated simply as strings. M4 doesn�t attempt to interpret any of this text as 
numbers or other data types.

16. A future version of Autoconf will support a public macro that allows lexicographical com-
parison of version strings, and certain internal constructs in current versions already use such 
functionality. Therefore, it�s good practice to form version strings that increase properly in a 
lexical fashion from version to version.
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For each of these four macros, the tag argument has the form OUT[:INLIST], 
where INLIST has the form IN0[:IN1:...:INn]. Often, you�ll see a call to one 
of these macros with only a single argument, as in the three examples that 
follow (note that these examples represent macro invocations, not prototypes, 
so the square brackets are actually Autoconf quotes, not indications of 
optional parameters):

AC_CONFIG_HEADERS([config.h])

In this example, con�g.h is the OUT portion of the preceding speci�ca-
tion. The default value for INLIST is the OUT portion with .in appended to it. 
So, in other words, the preceding call is exactly equivalent to the following:

AC_CONFIG_HEADERS([config.h:config.h.in])

What this means is that config.status contains shell code that will gener-
ate con�g.h from con�g.h.in, substituting all Autoconf variables in the pro-
cess. You may also provide a list of input �les in the INLIST portion. In this 
case, the �les in INLIST will be concatenated to form the resulting OUT f﻿ile:

AC_CONFIG_HEADERS([config.h:cfg0:cfg1:cfg2])

Here, config.status will generate con�g.h by concatenating cfg0, cfg1, 
and cfg2 (in that order), after substituting all Autoconf variables. The GNU 
Autoconf Manual refers to this entire OUT[:INLIST] construct as a tag.

Why not just call it a �le? Well, this parameter�s primary purpose 
is to provide a sort of command line target name�much like make�le 
targets. It can also be used as a �lesystem name if the associated macro 
generates �les, as is the case with AC_CONFIG_HEADERS, AC_CONFIG_FILES, and 
AC_CONFIG_LINKS.

But AC_CONFIG_COMMANDS is unique in that it doesn�t generate any �les. 
Instead, it runs arbitrary shell code, as speci�ed by the user in the macro�s 
arguments. Thus, rather than name this �rst parameter after a second-
ary function (the generation of �les), the GNU Autoconf Manual refers to it 
more generally, according to its primary purpose�as a command line tag 
that may be speci�ed on the ./config.status command line, in this manner:

$ ./config.status config.h

This command will regenerate the con�g.h �le based on the macro call 
to AC_CONFIG_HEADERS in con�gure.ac. It will only regenerate conf﻿ig.h.

Enter ./config.status --help to see the other command line options you 
can use when executing ./config.status:

$ ./config.status --help
`config.status' instantiates files and other configuration actions
from templates according to the current configuration.  Unless the files
and actions are specified as TAGs, all are instantiated by default.
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AC_PROG_CC con�gures these substitution variables, but unless you 
use them in your Make�le.in templates, you�re just wasting time running 
./configure. Conveniently, we�re already using them in our Make�le.in tem-
plates, because earlier in the Jupiter project, we added them to our com-
piler command line and then added a default value for CFLAGS that the user 
could override on the make command line.

The only thing left to do is ensure that config.status substitutes values 
for these variable references. Listing 5-2 shows the relevant portions of 
the src directory Make�le.in template and the changes necessary to make 
this happen.

--snip--
# VPATH-specific substitution variables
srcdir = @srcdir@
VPATH = @srcdir@

# Tool-specific substitution variables
CC = @CC@
CFLAGS = @CFLAGS@
CPPFLAGS = @CPPFLAGS@

all: jupiter

jupiter: main.c
        $(CC) $(CPPFLAGS) $(CFLAGS) -I. -I$(srcdir) -I.. -o $@ $(srcdir)/main.c
--snip--

Listing 5-2: src/Make�le.in: Using Autoconf compiler and �ag substitution variables

Checking for Other Programs
Immediately following the call to AC_PROG_CC (refer to Listing 5-1) is a call 
to AC_PROG_INSTALL. All of the AC_PROG_* macros set (and then substitute, 
using AC_SUBST) various environment variables that point to the located 
utilities. AC_PROG_INSTALL does the same thing for the install utility. To use 
this check, you need to use the associated Autoconf substitution variables 
in your Make�le.in templates, just as we did earlier with @CC@, @CFLAGS@, and 
@CPPFLAGS@. Listing 5-3 illustrates these changes.

--snip--
# Tool-specific substitution variables
CC = @CC@
CFLAGS = @CFLAGS@
CPPFLAGS = @CPPFLAGS@
INSTALL = @INSTALL@
INSTALL_DATA = @INSTALL_DATA@
INSTALL_PROGRAM = @INSTALL_PROGRAM@
INSTALL_SCRIPT = @INSTALL_SCRIPT@
--snip--
install:
        $(INSTALL) -d $(DESTDIR)$(bindir)

Git tag 5.0

Git tag 5.1
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        $(INSTALL_PROGRAM) -m 0755 jupiter $(DESTDIR)$(bindir)
--snip--

Listing 5-3: src/Make�le.in: Substituting the install utility in your Make�le.in templates

The value of @INSTALL@ is obviously the path of the located installation 
program. The value of @INSTALL_DATA@ is ${INSTALL} -m 0644. Based on this, 
you might think that the values of @INSTALL_PROGRAM@ and @INSTALL_SCRIPT@ 
would be something like ${INSTALL} -m 0755, but they�re not. These values 
are set simply to ${INSTALL}.3

You might also need to test for other important utility programs, 
including lex, yacc, sed, and awk. If your program requires one or more of 
these tools, you can add invocations of AC_PROG_LEX, AC_PROG_YACC, AC_PROG_SED, 
or AC_PROG_AWK. If it detects �les in your project�s directory tree with .yy or .ll 
extensions, autoscan will add invocations of AC_PROG_YACC and AC_PROG_LEX to 
con�gure.scan.

You can check for about a dozen different programs using these more 
specialized macros. If a program check fails, the resulting configure script will 
fail with a message indicating that the required utility could not be found 
and that the build cannot continue until it has been properly installed.

The program and compiler checks cause autoconf to substitute specially 
named variables into template �les. You can �nd the names of the variables 
for each macro in the GNU Autoconf Manual. You should use these make vari-
ables in commands within your Make�le.in templates to invoke the tools they 
represent. The Autoconf macros will set the values of these variables accord-
ing to the tools they �nd installed on the user�s system, if the user has not 
already set them in the environment.

This is a key aspect of Autoconf-generated configure scripts�the user 
can always override anything configure will do to the environment by export-
ing or setting an appropriate variable before executing configure.4

For example, if the user chooses to build with a speci�c version of bison 
installed in the home directory, they could enter the following command 
in order to ensure that $(YACC) refers to the correct version of bison and that 
the shell code AC_PROG_YACC generates does little more than substitute the 
existing value of YACC for @YACC@ in your Make�le.in templates:

$ cd jupiter
$ ./configure YACC="$HOME/bin/bison -y"
--snip--

3. The install program was originally designed to install executables and therefore defaults 
to applying executable attributes.

4. Since users are not Autoconf experts, it�s good practice to add information about variables 
that affect your project�s con�guration to your project�s README or INSTALL �les. Running 
./configure --help displays many of these variables, but not all users are aware of configure�s 
--help option.
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Checks for Libraries and Header Files
The decision of whether or not to use an external library in a project is 
a tough one. On one hand, you want to reuse existing code to provide 
required functionality instead of writing it yourself. Reuse is one of the 
hallmarks of the open source software world. On the other hand, you don�t 
want to depend on functionality that may not exist on all target platforms 
or that may require signi�cant porting in order to make the libraries you 
need available where you need them.

Occasionally, library-based functionality can differ in minor ways 
between platforms. Although the functionality may be essentially equiva-
lent, the libraries may have different package names or different API sig-
natures. The POSIX threads (pthread) library, for example, is similar in 
functionality to many native threading libraries, but the libraries� APIs are 
usually different in minor ways, and their package and library names are 
almost always different. Consider what would happen if we tried to build a 
multithreaded project on a system that didn�t support pthread; in a case like 
this, you might want to use the libthreads library on Solaris instead.

Autoconf library selection macros allow generated con�guration scripts 
to intelligently select the libraries that provide the necessary functionality, 
even if those libraries are named differently between platforms. To illus-
trate the use of the Autoconf library selection macros, we�ll add some trivial 
(and fairly contrived) multithreading capabilities to the Jupiter project that 
will allow jupiter to print its message using a background thread. We�ll use 
the pthread API as our base threading model. In order to accomplish this 
with our Autoconf-based con�guration script, we need to add the pthread 
library to our project build system.

N O T E 	 The proper use of multithreading requires the de�nition of additional substitution 
variables containing appropriate �ags, libraries, and de�nitions. The AX_PTHREAD 
macro does all of this for you. You can �nd the documentation for AX_PTHREAD at the 
Autoconf Macro Archive website.7 See �Doing Threads the Right Way� on page 384 
for examples of using AX_PTHREAD.

First, let�s tackle the changes to the source code. We�ll modify main.c so 
that the message is printed by a secondary thread, as shown in Listing 5-6.

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

static void * print_it(void * data)
{
    printf("Hello from %s!\n", (const char *)data);
    return 0;
}

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

7. See https://www.gnu.org/software/autoconf-archive/ax_pthread.html.

Git tag 5.2
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{
    pthread_t tid;
    pthread_create(&tid, 0, print_it, argv[0]);
    pthread_join(tid, 0);
    return 0;
}

Listing 5-6: src/main.c: Adding multithreading to the Jupiter project source code

This is clearly a ridiculous use of a thread; nevertheless, it is the pro-
totypical form of thread usage. Consider a hypothetical situation in which 
the background thread performs some long calculation and main is doing 
other things while print_it is working. On a multiprocessor machine, using 
a thread in this manner could literally double a program�s throughput.

Now all we need is a way to determine which libraries should be added 
to the compiler (linker) command line. If we weren�t using Autoconf, we�d 
just add the library to our linker command line in the make�le, as shown 
in Listing 5-7.

program: main.c
        $(CC) ... -lpthread ...

Listing 5-7: Manually adding the pthread library to the compiler command line

Instead, we�ll use the Autoconf-provided AC_SEARCH_LIBS macro, an 
enhanced version of the basic AC_CHECK_LIB macro. The AC_SEARCH_LIBS macro 
allows us to test for required functionality within a list of libraries. If the func-
tionality exists in one of the speci�ed libraries, an appropriate command line 
option is added to the @LIBS@ substitution variable, which we would then use 
in a Make�le.in template on the compiler (linker) command line. Here is the 
formal de�nition of AC_SEARCH_LIBS from the GNU Autoconf Manual:

AC_SEARCH_LIBS(function, search-libs,
    [action-if-found], [action-if-not-found], [other-libraries])

Search for a library de�ning function if it�s not already available. 
This equates to calling AC_LINK_IFELSE([AC_LANG_CALL([], 
[function])]) �rst with no libraries, then for each library listed 
in search-libs.
	 Add -llibrary to LIBS for the �rst library found to contain 
function, and run action-if-found. If function is not found, run 
action-if-not-found.
	 If linking with library results in unresolved symbols that 
would be resolved by linking with additional libraries, give 
those libraries as the other-libraries argument, separated by 
spaces: for example, -lXt -lX11. Otherwise, this macro fails to 
detect that function is present, because linking the test program 
always fails with unresolved symbols.
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	 The result of this test is cached in the ac_cv_search function 
variable as none required if function is already available, as no if no 
library containing function was found, otherwise as the -llibrary 
option that needs to be prepended to LIBS.8

Can you see why the generated con�guration script is so large? When 
you pass a particular function in a call to AC_SEARCH_LIBS, linker command 
line arguments are added to a substitution variable called @LIBS@. These 
arguments ensure that you will link with a library that contains the func-
tion passed in. If multiple libraries are listed in the second parameter, sepa-
rated by whitespace, configure will determine which of these libraries are 
available on your user�s system and use the most appropriate one.

Listing 5-8 shows how to use AC_SEARCH_LIBS in Jupiter�s con�gure.ac �le 
to �nd the library that contains the pthread_create function. AC_SEARCH_LIBS 
won�t add anything to the @LIBS@ variable if it doesn�t �nd pthread_create in 
the pthread library.

--snip--
# Checks for libraries.
AC_SEARCH_LIBS([pthread_create], [pthread])
--snip--

Listing 5-8: con�gure.ac: Using AC_SEARCH_LIBS to check for the pthread library on the system

As we�ll discuss in detail in Chapter 7, naming patterns for libraries dif-
fer among systems. For example, some systems name libraries libbasename.so, 
while others use libbasename.sa or libbasename.a. Cigwin-based systems 
generate libraries named cigbasename.dll. AC_SEARCH_LIBS addresses this situ-
ation (quite elegantly) by using the compiler to calculate the actual name 
of the library from its basename ; it does this by attempting to link a small test 
program with the requested function from the test library. Only -lbasename 
is passed on the compiler command line�a near-universal convention 
among Unix compilers.

We�ll have to modify src/Make�le.in again in order to properly use the 
now-populated @LIBS@ variable, as shown in Listing 5-9.

--snip--
# Tool-specific substitution variables
CC = @CC@
LIBS = @LIBS@
CFLAGS = @CFLAGS@
CPPFLAGS = @CPPFLAGS@
--snip--
jupiter: main.c
        $(CC) $(CFLAGS) $(CPPFLAGS) -I. -I$(srcdir) -I..\
          -o $@ $(srcdir)/main.c $(LIBS)
--snip--

Listing 5-9: src/Make�le.in: Using the @LIBS@ substitution variable

8. See Section 5.4, �Library Files,� in version 2.69 (May 1, 2012) of the GNU Autoconf Manual 
(https://www.gnu.org/software/autoconf/manual/index.html).
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N O T E 	 I added $(LIBS) after the source �les on the compiler command line because the linker 
cares about object �le order�it searches �les for required functions in the order they 
are speci�ed on the command line.

I want main.c to be the primary source of object code for jupiter, so I�ll 
continue to add additional objects, including libraries, to the command 
line after this �le.

Is It Right or Just Good Enough?
At this point, we�ve ensured that our build system will properly use pthread 
on most systems.9 If our system needs a particular library, that library�s 
name will be added to the @LIBS@ variable and then subsequently used on 
the compiler command line. But we�re not done yet.

This system usually works �ne, but it still fails in corner cases. Because 
we want to provide an excellent user experience, we�ll take Jupiter�s 
build system to the next level. In doing this, we need to make a design 
decision: in case configure fails to locate a pthread library on a user�s sys-
tem, should we fail the build process or build a jupiter program without 
multithreading?

If we choose to fail the build, the user will notice, because the build 
will stop with an error message (though it may not be a very friendly one�
either the compile or link process will fail with a cryptic error message 
about a missing header �le or an unde�ned symbol). On the other hand, if 
we choose to build a single-threaded version of jupiter, we�ll need to display 
some clear message that the program is being built without multithreading 
functionality and explain why.

One potential problem is that some users� systems may have a pthread 
shared library installed but not the pthread.h header �le�most likely 
because the pthread executable (shared-library) package was installed but 
the developer package wasn�t. Shared libraries are often packaged inde-
pendently of static libraries and header �les, and while executables are 
installed as part of a dependency chain for higher-level applications, devel-
oper packages are typically installed directly by a user.10 For this reason, 

9. My choice of pthread as an example is perhaps unfortunate, because adding multithreading 
to an application often requires more than simply adding a single library to the command 
line. Many platforms require additional compiler options (for example, -mthreads, -pthreads, 
-qthreads, and so on), libraries, and C-preprocessor de�nitions in order to enable multi-
threading in an application. Some platforms even require a completely different compiler 
(for instance, AIX requires the use of the cc_r alias). The examples in this book happen 
to work �ne, even on platforms that require these switches, only because they don�t make 
extensive use of the standard C library.

10. The pthread library is so important on most systems that the developer package is 
often installed by default, even on basic installations of Linux or other modern Unix 
operating systems.
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Autoconf provides macros to test for the existence of both libraries and 
header �les. We can use the AC_CHECK_HEADERS macro to ensure the existence 
of a particular header �le.

Autoconf checks are very thorough. They usually ensure not only 
that a �le exists but also that the �le is the correct one, because they 
allow you to specify assertions about the �le that the macro then veri-
�es. The AC_CHECK_HEADERS macro doesn�t just scan the �lesystem for the 
requested header. Like AC_SEARCH_LIBS, the AC_CHECK_HEADERS macro builds 
a short test program in the appropriate language and then compiles it 
to ensure that the compiler can both �nd and use the �le. In essence, 
Autoconf macros try to test not just for the existence of speci�c features 
but for the functionality required from those features.

The AC_CHECK_HEADERS macro is de�ned in the GNU Autoconf Manual 
as follows:

AC_CHECK_HEADERS(header-file..., [action-if-found],
    [action-if-not-found], [includes = 'AC_INCLUDES_DEFAULT'])

For each given system header �le header-file in the blank-
separated argument list that exists, de�ne HAVE_header-file (in 
all capitals). If action-if-found is given, it is additional shell code 
to execute when one of the header �les is found. You can give 
it a value of break to break out of the loop on the �rst match. If 
action-if-not-found is given, it is executed when one of the header 
�les is not found.
	 includes is interpreted as in AC_CHECK_HEADER, in order to 
choose the set of preprocessor directives supplied before the 
header under test.11

Normally, AC_CHECK_HEADERS is called only with a list of desired header 
�les in the �rst argument. The remaining arguments are optional and are 
not often used because the macro works pretty well without them.

We�ll add a check for the pthread.h header �le to con�gure.ac using 
AC_CHECK_HEADERS. As you may have noticed, con�gure.ac already calls AC_CHECK​
_HEADERS looking for stdlib.h. AC_CHECK_HEADERS accepts a list of �lenames, so 
we�ll just add pthread.h to the list, using a space to separate the �lenames, 
as shown in Listing 5-10.

--snip--
# Checks for header files.
AC_CHECK_HEADERS([stdlib.h pthread.h])
--snip--

Listing 5-10: con�gure.ac: Adding pthread.h to the AC_CHECK_HEADERS macro

11. See Section 5.6.3, �Generic Header Checks,� in version 2.69 (May 1, 2012) of the GNU 
Autoconf Manual (https://www.gnu.org/software/autoconf/manual/index.html).
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In order to make this package available to as many people as possible, 
we�ll use the dual-mode build approach, which will allow us to provide at 
least some form of the jupiter program to users without a pthread library. In 
order to accomplish this, we need to add some conditional preprocessor 
statements to src/main.c, as shown in Listing 5-11.

#include "config.h"

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

#if HAVE_PTHREAD_H
# include <pthread.h>
#endif

static void * print_it(void * data)
{
    printf("Hello from %s!\n", (const char *)data);
    return 0;
}

int main(int argc, char * argv[])
{
#if HAVE_PTHREAD_H
    pthread_t tid;
    pthread_create(&tid, 0, print_it, argv[0]);
    pthread_join(tid, 0);
#else
    print_it(argv[0]);
#endif
    return 0;
}

Listing 5-11: src/main.c: Adding conditional code, based on the existence of pthread.h

In this version of main.c, we�ve added a conditional check for the 
header �le. If the shell script generated by AC_CHECK_HEADERS locates the 
pthread.h header �le, the HAVE_PTHREAD_H macro will be de�ned with the 
value 1 in the user�s con�g.h �le. If the shell script doesn�t �nd the header 
�le, the original #undef statement will be left commented out in con�g.h. 
Because we rely on these de�nitions, we also need to include con�g.h at 
the top of main.c.

If you choose not to use the AC_CONFIG_HEADERS macro in con�gure.ac, then 
@DEFS@ will contain all the de�nitions generated by all the macros that call 
AC_DEFINE. In this example, we�ve used AC_CONFIG_HEADERS, so con�g.h.in will 
contain most of these de�nitions, and @DEFS@ will only contain HAVE_CONFIG_H, 
which we don�t actually use.12 The con�g.h.in template method signi�cantly 

12. The use of HAVE_CONFIG_H in .c source �les around the inclusion of con�g.h is an older pat-
tern that�s discouraged today. You may see such code in existing projects, but the Autoconf 
manual suggests not doing this sort of thing; building the software requires that con�g.h exist, 
so it�s pointless to check for its existence before including it.
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shortens the compiler command line (and also makes it simple to take a 
snapshot of the template and modify it by hand for non-Autotools platforms). 
Listing 5-12 shows the required changes to the src/Make�le.in template.

--snip--
# Tool-related substitution variables
CC = @CC@
DEFS = @DEFS@
LIBS = @LIBS@
CFLAGS = @CFLAGS@
CPPFLAGS = @CPPFLAGS@
--snip--
jupiter: main.c
        $(CC) $(CFLAGS) $(DEFS) $(CPPFLAGS) -I. -I$(srcdir) -I..\
          -o $@ $(srcdir)/main.c $(LIBS)
--snip--

Listing 5-12: src/Make�le.in: Adding the use of @DEFS@ to the src-level make�le

N O T E 	 I�ve added $(DEFS) before $(CPPFLAGS), giving the end user the option to override any 
of my policy decisions on the command line.

We now have everything we need to conditionally build the jupiter pro-
gram. If the user�s system has pthread functionality installed, the user will 
automatically build a version of jupiter that uses multiple threads of execu-
tion; otherwise, they�ll have to settle for serialized execution. The only 
thing left to do is to add some code to con�gure.ac such that if configure can�t 
�nd the pthread library, it will display a message indicating that it will build 
a program that uses serialized execution.

Now, consider the unlikely scenario of a user who has the header �le 
installed but doesn�t have the library. For example, if the user executes 
./configure with CPPFLAGS=-I/usr/local/include but neglects to add LDFLAGS=-L/
usr/local/lib, it will seem to configure that the header is available but the 
library is missing. This condition is easily remedied by simply skipping the 
header �le check entirely if configure can�t �nd the library. Listing 5-13 
shows the required changes to con�gure.ac.

--snip--
# Checks for libraries.
have_pthreads=no
AC_SEARCH_LIBS([pthread_create], [pthread], [have_pthreads=yes])

# Checks for header files.
AC_CHECK_HEADERS([stdlib.h])

if test "x${have_pthreads}" = xyes; then
    AC_CHECK_HEADERS([pthread.h], [], [have_pthreads=no])
fi

if test "x${have_pthreads}" = xno; then
    AC_MSG_WARN([

Git tag 5.4



130   Chapter 5

  ------------------------------------------
  Unable to find pthreads on this system.
  Building a single-threaded version.
  ------------------------------------------])
fi
--snip--

Listing 5-13: con�gure.ac: Adding code to indicate that multithreading is not available 
during con�guration

Now, when we run ./bootstrap.sh and ./configure, we�ll see some addi-
tional output (highlighted here):

$ ./bootstrap.sh
$ ./configure
checking for gcc... gcc
--snip--
checking for library containing pthread_create... -lpthread
--snip--
checking pthread.h usability... yes
checking pthread.h presence... yes
checking for pthread.h... yes
configure: creating ./config.status
config.status: creating Makefile
config.status: creating src/Makefile
config.status: creating config.h
$

If a user�s system is missing the pthread.h header �le, for instance, they�d 
see different output. To emulate this for testing purposes, we can use a trick 
involving Autoconf cache variables. By presetting the cache variable that 
represents the presence of the pthread.h header to no, we can trick configure 
into not even looking for pthread.h because it assumes the search has already 
been done if the cache variable is already set. Let�s try it out:

$ ./configure ac_cv_header_pthread_h=no
checking for gcc... gcc
--snip--
checking for library containing pthread_create... -lpthread
--snip--
checking for pthread.h... (cached) no
configure: WARNING:
  ------------------------------------------
  Unable to find pthreads on this system.
  Building a single-threaded version.
  ------------------------------------------
configure: creating ./config.status
config.status: creating Makefile
config.status: creating src/Makefile
config.status: creating config.h
$
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Had we chosen to fail the build if the pthread.h header �le or the pthread 
libraries were not found, then the source code would have been simpler; 
there would have been no need for conditional compilation. In that case, 
we could change con�gure.ac to look like Listing 5-14.

--snip--
# Checks for libraries.
have_pthreads=no
AC_SEARCH_LIBS([pthread_create], [pthread], [have_pthreads=yes])

# Checks for header files.
AC_CHECK_HEADERS([stdlib.h])

if test "x${have_pthreads}" = xyes; then
    AC_CHECK_HEADERS([pthread.h], [], [have_pthreads=no])
fi

if test "x${have_pthreads}" = xno; then
    AC_MSG_ERROR([
  ------------------------------------------
  The pthread library and header files are
  required to build jupiter. Stopping...
  Check 'config.log' for more information.
  ------------------------------------------])
fi
--snip--

Listing 5-14: Failing the build if no pthread library is found

N O T E 	 Autoconf macros generate shell code that checks for the existence of system features and 
sets variables based on these tests. However, it�s up to you as maintainer to add shell 
code to con�gure.ac that makes functional decisions based on the contents of the 
resulting variables.

Printing Messages
In the preceding examples, we used a few Autoconf macros to display mes-
sages to the user during con�guration: AC_MSG_WARN and AC_MSG_ERROR. Here 
are the prototypes for the various AC_MSG_* macros provided by Autoconf:

AC_MSG_CHECKING(feature-description)
AC_MSG_RESULT(result-description)
AC_MSG_NOTICE(message)
AC_MSG_ERROR(error-description[, exit-status])
AC_MSG_FAILURE(error-description[, exit-status])
AC_MSG_WARN(problem-description)

The AC_MSG_CHECKING and AC_MSG_RESULT macros are designed to be used 
together. The AC_MSG_CHECKING macro prints a line indicating that it�s check-
ing for a particular feature, but it doesn�t print a carriage return at the 
end of this line. Once the feature has been found (or not found) on the 
user�s machine, the AC_MSG_RESULT macro prints the result at the end of 
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the line, followed by a carriage return that completes the line started by 
AC_MSG_CHECKING. The result-description text should make sense in the context 
of the feature-description message. For instance, the message Looking for 
a C compiler... might be terminated either with the name of the compiler 
found or with the text not found.

N O T E 	 You as the con�gure.ac author should strive to not allow additional text to be 
displayed between these two macro invocations, as it becomes dif�cult for the user 
to follow if there is unrelated text between the two sets of output.

The AC_MSG_NOTICE and AC_MSG_WARN macros simply print a string to the 
screen. The leading text for AC_MSG_WARN is configure: WARNING:, whereas that 
of AC_MSG_NOTICE is simply configure:.

The AC_MSG_ERROR and AC_MSG_FAILURE macros generate an error message, 
stop the con�guration process, and return an error code to the shell. The 
leading text for AC_MSG_ERROR is configure: error:. The AC_MSG_FAILURE macro 
prints a notice indicating the directory in which the error occurred, the 
user-speci�ed message, and then the text See 'config.log' for more details. 
The optional second parameter (exit-status) in these macros allows the 
maintainer to specify a particular status code to be returned to the shell. 
The default value is 1.

The text messages output by these macros are displayed to stdout and 
sent to the con�g.log �le, so it�s important to use these macros instead of 
simply using shell echo or printf statements.

Supplying multiple lines of text in the �rst argument of these macros is 
especially important in the case of warning messages that merely indicate 
that the build is continuing with limitations. On a fast build machine in a 
large con�guration process, a single-line warning message could zip right 
past without even being noticed by the user. This is less of a problem in 
cases where configure terminates with an error, because the user will easily 
discover the issue at the end of the output.13

Supporting Optional Features and Packages
We�ve discussed the different ways to handle situations when a pthread 
library exists and when it doesn�t. But what if a user wants to build a 
single-threaded version of jupiter when the pthread library is installed? 

13. There is a very strong sentiment on the Autoconf mailing list that you should not gener-
ate multiline messages. The reasons given are many and varied, but they ultimately all boil 
down to one: many larger projects already generate thousands of lines of con�guration 
output. Much work has gone into making Autoconf-generated con�guration scripts as quiet 
as possible, but they�re still not very quiet. My best advice is to use multiline messages in situ-
ations where there is simply no other way to effectively notify a user of an important issue, 
such as building on a platform with unexpected limitations. Many is the time I�ve �nished a 
15-minute build only to �nd that configure noti�ed me in the �rst minute that the resulting 
binaries would be missing functionality that I needed.
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We certainly don�t want to add a note to Jupiter�s README �le telling the 
user to rename their pthread libraries! Neither do we want the user to have 
to use our Autoconf cache variable trick.

Autoconf provides two macros for working with optional features and 
external software packages: AC_ARG_ENABLE and AC_ARG_WITH. Their prototypes 
are as follows:

AC_ARG_WITH(package, help-string, [action-if-given], [action-if-not-given])
AC_ARG_ENABLE(feature, help-string, [action-if-given], [action-if-not-given])

As with many Autoconf macros, these two are used simply to set some 
environment variables:

AC_ARG_WITH  ${withval} and ${with_package}
AC_ARG_ENABLE  ${enableval} and ${enable_feature}

The macros can also be used in a more complex form, where the envi-
ronment variables are used by shell script in the macros� optional argu-
ments. In either case, the resulting variable must be used in con�gure.ac, or 
it will be pointless to perform the check.

The macros are designed to add the options --enable-feature[=yes|no] 
(or --disable-feature) and --with-package[=arg] (or --without-package) to the 
generated con�guration script�s command line interface, along with appro-
priate help text to the output generated when the user enters ./configure 
--help. If the user gives these options, the macros set the preceding environ-
ment variables within the script. (The values of these variables may be used 
later in the script to set or clear various preprocessor de�nitions or substitu-
tion variables.)

AC_ARG_WITH controls your project�s use of optional external software 
packages, while AC_ARG_ENABLE controls the inclusion or exclusion of optional 
software features. The choice to use one or the other is often a matter of 
perspective on the software you�re considering, and sometimes it�s simply 
a matter of preference, as these macros provide somewhat overlapping sets 
of functionality.

For instance, in the Jupiter project, it could be justi�ably argued that 
Jupiter�s use of pthread constitutes the use of an external software package, 
so you�d use AC_ARG_WITH. However, it could also be said that asynchronous 
processing is a software feature that might be enabled via AC_ARG_ENABLE. In 
fact, both of these statements are true, and which option you use should be 
dictated by a high-level architectural perspective on the feature or package 
to which you�re providing optional access. The pthread library supplies 
more than just thread creation functions�it also provides mutexes and 
condition variables, both of which may be used by a library package that 
doesn�t create threads. If a project provides a library that needs to act in 
a thread-safe manner within a multithreaded process, it will probably use 
mutex objects from the pthread library, but it may never create a thread. 
Thus, a user may choose to disable asynchronous execution as a feature 
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at con�guration time, but the project will still need to link to the pthread 
library in order to access the mutex functionality. In such cases, it makes 
more sense to specify --enable-async-exec than --with-pthreads.

In general, you should use AC_ARG_WITH when the user needs to choose 
between implementations of a feature provided by different packages or 
internally within the project. For instance, if jupiter had some reason to 
encrypt a �le, it might be written to use either an internal encryption algo-
rithm or an external encryption library. The default con�guration might 
use an internal algorithm, but the package might allow the user to override 
the default with the command line option --with-libcrypto. When it comes 
to security, the use of a widely understood library can really help your pack-
age gain community trust.

Coding Up the Feature Option
Having decided to use AC_ARG_ENABLE, how do we enable or disable the 
async-exec feature by default? The difference in how these two cases are 
encoded in con�gure.ac is limited to the help text and the shell script passed 
in the action-if-not-given argument. The help text describes the available 
options and the default value, and the shell script indicates what we want 
to happen if the option is not speci�ed. (Of course, if it is speci�ed, we 
don�t need to assume anything.)

Say we decide that asynchronous execution is a risky or experimental 
feature that we want to disable by default. In this situation, we could add 
the code shown in Listing 5-15 to con�gure.ac.

--snip--
AC_ARG_ENABLE([async-exec],
    [  --enable-async-exec     enable async exec],
    [async_exec=${enableval}], [async_exec=no])
--snip--

Listing 5-15: Feature disabled by default

On the other hand, if we decide that asynchronous execution is funda-
mental to Jupiter, we should probably enable it by default, as in Listing 5-16.

--snip--
AC_ARG_ENABLE([async-exec],
    [  --disable-async-exec    disable async exec],
    [async_exec=${enableval}], [async_exec=yes])
--snip--

Listing 5-16: Feature enabled by default

Now, the question is, do we check for the library and header �le regard-
less of the user�s desire for this feature, or do we only check for them if the 
async-exec feature is enabled? In this case, it�s a matter of preference, because 
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In order to check for the library and header �le only if the feature is 
enabled, we wrap the original check code in a test of async_exec, as shown in 
Listing 5-19.

--snip--
# Checks for command line options.
AC_ARG_ENABLE([async-exec],
  [  --disable-async-exec    disable async execution feature],
  [async_exec=${enableval}], [async_exec=yes])

if test "x${async_exec}" = xyes; then
    have_pthreads=no
    AC_SEARCH_LIBS([pthread_create], [pthread], [have_pthreads=yes])

    if test "x${have_pthreads}" = xyes; then
        AC_CHECK_HEADERS([pthread.h], [], [have_pthreads=no])
    fi

    if test "x${have_pthreads}" = xno; then
        AC_MSG_WARN([
  -----------------------------------------
  Unable to find pthreads on this system.
  Building a single-threaded version.
  -----------------------------------------])
        async_exec=no
    fi
fi

if test "x${async_exec}" = xyes; then
    AC_DEFINE([ASYNC_EXEC], 1, [async execution enabled])
fi
--snip--

Listing 5-19: con�gure.ac: Checking for the library and header �le only if a feature is 
enabled

This time, we�ve moved the test for async_exec from being just around 
the message statement to being around the entire set of header and library 
checks, which means we won�t even look for pthread header and libraries if 
the user has disabled the async_exec feature.

Formatting Help Strings
We�ll make one �nal change to our use of AC_ARG_ENABLE in Listing 5-17. Notice 
that in the second argument, there are exactly two spaces between the open 
square bracket and the start of the argument text. You�ll also notice that the 
number of spaces between the argument and the description depends on the 
length of the argument text, because the description text is supposed to be 
presented to the user aligned with a particular column. There are four spaces 
between --disable-async-exec and the description in Listings 5-16 and 5-17, but 
there are �ve spaces after --enable-async-exec in Listing 5-15 because the word 
enable is one character shorter than the word disable.
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But what if the Autoconf project maintainers decide to change the for-
mat of the help text for con�guration scripts? Or what if you modify your 
option name but forget to adjust the indentation on your help text?

To solve these potential problems, we�ll turn to an Autoconf helper 
macro called AS_HELP_STRING, whose prototype is as follows:

AS_HELP_STRING(left-hand-side, right-hand-side,
    [indent-column = '26'], [wrap-column = '79'])

This macro�s sole purpose is to abstract away knowledge about the 
number of spaces that should be embedded in the help text at various 
places. To use it, replace the second argument in AC_ARG_ENABLE with a 
call to AS_HELP_STRING, as shown in Listing 5-20.

--snip--
AC_ARG_ENABLE([async-exec],
    [AS_HELP_STRING([--disable-async-exec],
        [disable asynchronous execution @<:@default: no@:>@])],
    [async_exec=${enableval}], [async_exec=yes])
--snip--

Listing 5-20: con�gure.ac: Using AS_HELP_STRING

N O T E 	 For details on the funky character sequences around default: no in Listing 5-20, 
see �Quadrigraphs� on page 143.

Checks for Type and Structure Definitions
Now let�s consider how we might test for system- or compiler-provided type 
and structure de�nitions. When writing cross-platform networking software, 
one quickly learns that the data sent between machines needs to be format-
ted in a way that doesn�t depend on a particular CPU or operating system 
architecture. Some systems� native integer sizes are 32 bits, while others� are 
64 bits. Some systems store integer values in memory and on disk from least-
signi�cant byte to most-signi�cant byte, while others do the reverse.

Let�s consider an example. When using C-language structures to format 
network messages, one of the �rst roadblocks you�ll encounter is the lack 
of basic C-language types that have the same size from one platform to 
another. A CPU with a 32-bit machine word size would likely have a C com-
piler with 32-bit int and unsigned types. The sizes of the basic integer types 
in the C language are implementation de�ned. This is by design, in order 
to allow implementations to use sizes for char, short, int, and long that are 
optimal for each platform.

While this language feature is great for optimizing software designed 
to run on one platform, it�s not very helpful when choosing types to move 
data between platforms. In order to address this problem, engineers have 
tried everything from sending network data as strings (think XML and 
JSON) to inventing their own sized types.
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#include "config.h"

#if HAVE_STDINT_H
# include <stdint.h>
#elif HAVE_INTTYPES_H
# include <inttypes.h>
#endif
--snip--
uint16_t x;
--snip--

Listing 5-22: Source code that properly uses Autoconf�s uint16_t de�nitions

Autoconf offers a few dozen type checks like AC_TYPE_UINT16_T, as detailed 
in Section 5.9 of the GNU Autoconf Manual. In addition, a generic type check 
macro, AC_CHECK_TYPES, allows you to specify a comma-separated list of ques-
tionable types that your project needs.

N O T E 	 This list is comma separated because some de�nitions (like struct fooble) may have 
embedded spaces. Since they are comma delimited, you must use Autoconf�s square-
bracket quotes around this parameter if you list more than one type.

Here is the formal declaration of AC_CHECK_TYPES:

AC_CHECK_TYPES(types, [action-if-found], [action-if-not-found],
    [includes = 'AC_INCLUDES_DEFAULT'])

If you don�t specify a list of header �les in the last parameter, the 
default headers will be used in the compiler test by way of the macro 
AC_INCLUDES_DEFAULT, which expands to the text shown in Listing 5-23.

#include <stdio.h>
#ifdef HAVE_SYS_TYPES_H
# include <sys/types.h>
#endif
#ifdef HAVE_SYS_STAT_H
# include <sys/stat.h>
#endif
#ifdef STDC_HEADERS
# include <stdlib.h>
# include <stddef.h>
#else
# ifdef HAVE_STDLIB_H
#  include <stdlib.h>
# endif
#endif
#ifdef HAVE_STRING_H
# if !defined STDC_HEADERS && defined HAVE_MEMORY_H
#  include <memory.h>
# endif
# include <string.h>





142   Chapter 5

Consider adding shell echo or printf statements after AC_OUTPUT to tell the 
user how the build system is con�gured based on the speci�ed command 
line options. You can also use these statements to tell the user about addi-
tional useful targets for make. For example, we might add code to Jupiter�s 
con�gure.ac �le after AC_OUTPUT, as shown in Listing 5-25.

--snip--
AC_OUTPUT

cat << EOF
-------------------------------------------------

${PACKAGE_NAME} Version ${PACKAGE_VERSION}

Prefix: '${prefix}'.
Compiler: '${CC} ${CFLAGS} ${CPPFLAGS}'

Package features:
  Async Execution: ${async_exec}

Now type 'make @<:@<target>@:>@'
  where the optional <target> is:
    all                - build all binaries
    install            - install everything

--------------------------------------------------
EOF

Listing 5-25: con�gure.ac: Adding con�guration summary text to the output of configure

Adding such output to the end of con�gure.ac is a handy project feature, 
because it tells the user, at a glance, exactly what happened during con�gu-
ration. Since variables such as async_exec are set to yes or no based on con-
�guration, the user can see whether the requested con�guration actually 
took place.

N O T E 	 Version 2.62 (and later) of Autoconf does a much better job of deciphering the user�s 
intent with respect to the use of square brackets than earlier versions do. In the past, 
you might have needed to use a quadrigraph to force Autoconf to display a square 
bracket, but now you can use the character itself. Most of the problems that occur 
are a result of not properly quoting arguments. This enhanced functionality comes 
primarily from enhancements to Autoconf library macros that might accept square 
bracket characters in arguments. To ensure that square brackets are not misinter-
preted in your own con�gure.ac code, you should read up on M4 double quotation 
in �Quoting Rules� on page 438.
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QUA DR IGR A PHS

Those funny character sequences around the word <target> in Listing 5-25 
are called quadrigraph sequences or simply quadrigraphs. They serve the 
same purpose as escape sequences, but quadrigraphs are a little more reliable 
than escaped characters or escape sequences because they�re never subject 
to ambiguity.

The sequence @<:@ is the quadrigraph sequence for the open square bracket 
character, while @:>@ is the quadrigraph for the closed square bracket character. 
These quadrigraphs will always be output by autom4te as literal square bracket 
characters. This happens after M4 is �nished with the �le, so it has no opportu-
nity to misinterpret them as Autoconf quote characters.

If you�re interested in studying quadrigraphs in more detail, check out 
Section 8 of the GNU Autoconf Manual.

Summary
In this chapter, we covered some of the more advanced constructs found 
in the con�gure.ac �les for many projects. We started with the macros 
required to generate substitution variables. I refer to these as �advanced� 
macros because many of the higher-level Autoconf macros use AC_SUBST and 
AC_DEFINE internally, making them somewhat transparent to you. However, 
knowing about them helps you to understand how Autoconf works and 
provides some of the background information necessary for you to learn 
to write your own macros.

We covered checks for compilers and other tools, as well as checks for less 
common data types and structures on your users� systems. The examples in 
this chapter were designed to help you to understand the proper use of the 
Autoconf type- and structure-de�nition check macros, as well as others.

We also examined a technique for debugging the use of complex Autoconf 
macros: using picket fences around a macro invocation in con�gure​.ac 
in order to quickly locate the associated generated text in configure. We 
looked at checks for libraries and header �les, and we examined some of 
the details involved in the proper use of these Autoconf macros. We went 
into great detail about building a robust and user-friendly con�guration 
process, including the addition of project-speci�c command line options 
to Autoconf-generated configure scripts.

Finally, we discussed the proper placement of the AC_OUTPUT macro in 
con�gure.ac, as well as the addition of some summary-generation shell code 
designed to help your users understand what happened during the con�gu-
ration of your project on their system.
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An important Autconf concept to take away from Chapters 4 and 5 was 
stated at the very start of Chapter 4: Autoconf generates shell scripts from 
the shell source code you write into con�gure.ac. That means you have com-
plete control over what ends up in your con�guration script, as long as you 
understand the proper use of the macros you�re invoking. In fact, you can 
do anything you want in con�gure.ac. Autoconf macros are there simply to 
make what you choose to do more consistent and simpler for you to write. 
The less you rely on Autoconf macros to perform con�guration tasks, the 
less consistent your users� con�guration experiences will be relative to 
other open source projects they download and build.

The next chapter takes us away from Autoconf for a while, as we turn our 
attention to GNU Automake, an Autotools toolchain add-on that abstracts 
many of the details of creating very functional make�les for software projects.



























































































































































































































































































































































































































































































































































































































































































































































































































SYMBOLS
*_LIBADD variables, 190
@ (at sign), 53
\ (backslash), 43
` (backticks), 288
: (colon character), 40
- (dash character), 53
$ (dollar sign), 41
$? variable, 46
$% variable, 46
$* variable, 46
$@ variable, 46
$< variable, 46
! (exclamation mark) modifier, 317
; (semicolon character), 40, 42

A
ABI (application binary interface), 210
absolute addresses, 200–201, 214
ac-archive project, 411–412, 528
AC_ARG_ENABLE macro, 133–135, 386
AC_ARG_VAR macro, 396
AC_ARG_WITH macro, 133–134
AC_CANONICAL_HOST macro, 412
AC_CANONICAL_TARGET macro, 412
AC_CHECK_HEADERS macro, 127–128
AC_CHECK_LIB, 386
AC_CHECK_PROG, 119
AC_CONFIG_FILES macro, 87, 90, 102, 

104, 242
AC_CONFIG_HEADERS macro, 102–103, 107–110
AC_CONFIG_LINKS macro, 102
AC_CONFIG_MACRO_DIR macro, 486
AC_CONFIG_MACRO_DIRS macro, 375, 486
AC_CONFIG_SRCDIR macro, 101–102
AC_CONFIG_SUBDIRS macro, 373
AC_CONFIG_TESTDIR macro, 241–242
AC_DEFINE macro, 115
AC_DEFINE_UNQUOTED macro, 115
AC_INCLUDES_DEFAULT, 140–141
AC_INIT macro, 100–101, 508–510
AC_LANG_CALL macro, 514–515

aclocal utility, 23–24, 150
AC_MSG_* macros, 131
AC_OUTPUT macro, 141–142
AC_PREREQ macro, 100
AC_PROG_CC macro, 116–117
AC_PROG_YACC, 118
AC_SEARCH_LIBS macro, 81, 125, 386
AC_SUBST macro, 114–115
action-if-not-given argument, 134
AC_TYPE_UINT16_T, 140
--add-missing option, 97
addresses, 324
aix-soname=aix|svr4|both option, 192
aliases, 518
alternatives scripts, 71
AM_CONDITIONAL macro, 380–381, 398
American Standard Code for 

Information Interchange 
(ASCII), 309–311

American Standards Association 
(ASA), 309

AM_INIT_AUTOMAKE macro, 148, 150, 356, 
374, 486

AM_MAINTAINER_MODE macro, 173
AM_PROG_AR macro, 376
a.out scheme, 210
Apple platforms, 15–16
application binary interface (ABI), 210
apt, 461
ar utility, 168, 206
architectures, 517
archives, 166
arguments

action-if-not-given argument, 134
bug report argument, 100
commands argument, 104
condition argument, 381–382
init-cmds argument, 106
package argument, 100
tag argument, 106
url argument, 101
value argument, 115
version argument, 101
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