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Software Choreography

Within this book, we present the fundamentals of the VR Juggler 2.0 build system, a complex piece of
software in its own right that manages the compilation of the various modules that make up VR Juggler
2.0 (and beyond, | suspect). Those few readers who may be familiar with the VR Juggler 1.0 build sys-
tem may recognize afew similarities, but truly, the Doozer++-based build is quite different than what
was originally intended to be backwards compatible with an IRIX-only build written for the first version
of VR Juggler (then called VRLIib).

Since 1998, the Autoconf-based VR Juggler build system has grown more and more complex. Origin-
ally, the build made use of Autoconf, GNU make, and afew small Perl scripts to simplify installations.
Now, in mid-2002, the build system still makes use of al those tools, but it has many, many custom m4
macros (most of which come from Doozer++), makefile stubs, Autoconf-like scripts written in Perl, and
custom CV S utilities. It may yet evolve to include Java- and Python-based tools.

With all this (growing) complexity, the VR Juggler 2.0 build system is a colossal effort in software cho-
reography wherein all the pieces have to come together in such away as to exude a Broadway-caliber
performance. In this book, | strive to lay out the steps like one of Arthur Miller's finest teachers.

Vi



Part |. Introduction

In sooth, | know not why | am so sad:

It wearies me; you say it wearies you;

But how | caught it, found it, or came by it,
What stuff 'tis made of, whereof it isborn,
| am to learn;

And such awant-wit sadness makes of me,

That | have much ado to know myself.
--William Shakespeare, The Merchant of Venice, Act 1, Scene 1

In thisfirst part, we explain the basics of the VR Juggler build system. We will begin with the goals of
the Doozer++ software package which forms the basis for the entire build. We move on to the specific
goals of the VR Juggler build system. The scope of the VR Juggler build, while broad, is narrower than
that of Doozer++, and hence, it will be useful to understand first why Doozer++ exists and what purpose
it serves.




Chapter 1. The Philosophy

Nearly everything has a philosophy, and the VR Juggler build system is no different. The build system
philosophy has evolved from the following observation: programmers think more about writing their
code than about compiling it. Compiling takes time that could be spent writing code, so compiling must
be fast. Command-line arguments have little to do with code, and thus they are easily forgotten. Paths to
external dependencies are esoteric file system thingies that are never referenced in code. Because of
these points, the basic philosophy of the VR Juggler build system and of Doozer++ in general issimple:
automate everything.

Automation in a build system means doing as much as possible to avoid requiring programmers to type
anything beyond the following familiar command:

configure ; nake ; make install

Whether thisis aways possible is highly debatable, but either way, it should always be the goal. If the
above cannot be achieved, some mechanism must exist so that programmers feel as though that is all
they ever haveto type.

There is much more to the philosophy of the VR Juggler build system than just automation, but someone
looking at the code would see that steps to automate configuration and compilation make up a sizable
percentage of the total line count. Beyond simplifying the process of building, we also have the goal of
simplifying extensions to the build system.

Unfortunately, repeated experience has shown that no amount of simplification is enough to satisfy even
the most patient of users. This hearkens back to the original point stating that programmers focus more
on writing their code than on compiling it. A build system is always going to be foreign to the majority
of the people on any given team, and taking the time to learn and understand a build system takes up
valuable coding time. Despite these bleak statements, it is possible to put together a build system that re-
quires little effort to extend when a new file must be compiled or a new source directory is added. Those
who hope for more than this are likely to be let down.

More details on the goals of Doozer++ and the VR Juggler build system are provided in the next
chapter. All of these goals are founded by the philosophy discussed above.




Chapter 2. Goals of Doozer++

When the first Autoconf-based VR Juggler build system was started in mid-1998, we had to make ade-
cision: should we use Automake in addition to Autoconf? At the time, we felt that there were several
problems with Automake, including the following:

1. The generated makefiles were too complex to debug

2. Use of compilers other than GCC was too difficult

3. Restrictions on the structure and contents of the source tree were undesirable

In four years, we have only been proven wrong on point #3. In our experience, Automake still generates
extremely complex makefiles (though it doesit very nicely from extremely simpleinput), and use of
compilers such as the MIPSpro Compilers or Microsoft Visual C++ isstill very hard.

Based on our needs for VR Juggler (and many other projects that have been developed at lowa State

University's Virtual Reality Applications Center), we identified the following as key goals for Dooz-
er++:

Simplify the use of Autoconf

Allow the use of any operating system

Allow the use of any compiler

Allow code to be written in any language

Use the best tool for agiven task

Each of these goals will be addressed in the following sections.

Ease of Use

Time and time again, we have seen a resistance to the use of Autoconf because of its (seemingly) arcane
language constructs. While macro languages are difficult to use and sh(1) syntax is not immediately in-
tuitive, neither tool can be considered arcane. Indeed, sh(1) is a much more powerful language than
most other shell scripting languages, but because of its unique syntax, people tend to shy away from its
use.

Further complicating the issue is the complexity of Autoconf in general. It contains many, many macros,
and it defines rules for the order of executing those macros. In order to use Autoconf effectively, build
system devel opers must read afair amount of documentation (all of which isreadily available). In our
experience, however, many people feel that development build system software should be immediately
obvious! and should not require much effort to learn.

As aresult of these issues, we have attempted to make Doozer++ easier to use than “raw” Autoconf-
based <>configure scripts. Doozer++ macros hide some common details that often trip up configure
script authors. Many utility macros are provided to reduce code duplication between confi gure. i n
files. For example, code for verifying that an existing installation of a software package meets a version

1of course, little, if anything, is“immediately obvious’ in reality. Users tend to want something that is similar to existing tools or
something that allows them to make use of existing knowledge.
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Goadls of Doozer++

requirement is provided. The code for performing the check is modularized to separate the common
tasks involved with this. Namely, Doozer++ provides macros comparing two version numbers, acting on
the results of the comparison, and caching the results to speed up future tasks. Each macro is used asthe
basis for the next so that users have the freedom to choose how they want their code to behave. We feel
that this offers alevel of flexibility not available with Autoconf 2.13.

Platform Independence

Because VR Juggler has always been a cross-platform tool, we have had the need for a cross-platform
way to build it. The VR Juggler 1.0 build system achieved thisto alimited degree, and Doozer++ goes a
step further toward true platform independence. At thistime, Doozer++ makes use of software utilities
found on all modern operating systems. Thelist of utilities includes m4(1), sh(1), Perl, Autoconf, and
GNU make. We have avoided the use of platform-specific tools because it is al too easy for the plat-
form-specific parts of abuild system to get out of sync with each other. Furthermore, we have tried to
avoid the use of platform-specific code whenever possible. Thisisamore difficult goa to achieve, but
later sections will address the extent to which platform-specific code can be reduced.

Compiler Freedom

Asacross-platform C++ library, VR Juggler must be compatible with the prevailing C++ compiler on a
given platform. In the case of IRIX, that is SGI's MIPSpro Compilers. Similarly, the use of Microsoft
Visual C++ iscrucia on Win32 platforms. Open source operating systems such as FreeBSD and Linux
use GCC, so we have not ignored that compiler whatsoever. Due to our limited needs, however, we have
focused on compilers for the C, C++, Java, and IDL languages. Nothing prevents Doozer++ from being
extended to allow compiling of code written in FORTRAN, Ada, Pascal, etc.

In Doozer++, an m4 macro sets up the basic platform-specific pieces. User-level code (in an Autoconf
confi gur e. i n file) then uses that information to execute other macros that pick the appropriate com-
piler. This builds upon the foundation provided by Autoconf for detecting installed programs, but it goes
further by allowing users to associate one or more compilers with a given platform. The end result isa
“fallback” system wherein users specify the preferred compiler and zero or more aternativesif the pre-
ferred compiler is not available. To achieve this flexibility, the Doozer++ m4 macros must have no com-
piler-specific bits.

Language Freedom

Language freedom is slightly more complicated than compiler freedom. Aswill be discussed more fully
in the following section, Doozer++ separates its work into two pieces: configuration and compilation.
During configuration, the tools for compilation are chosen; during compilation, the chosen tools are put
to use.

The primary project building tool is GNU make. We chose GNU make initially because of its portability
and because it offered useful features over most basic make(1) implementations. Other implementa-
tions, such as BSD make, offer even more features, but they are not as portable as GNU make.

Because Doozer++ uses GNU make, users must write makefiles. Doozer++ provides a number of modu-
lar makefile “stubs’ that collect common functionality. In particular, these stubs provide support for
compiling code written in Java, C, C++, and IDL. Adding support for other languages can be done with-
in Doozer++ or within user-level makefiles.

Separation of Tools and Tasks

The design of Doozer++ involves a distinct separation between the tools used and the tasks performed.
As aresult of this separation, there exists the possibility to extend Doozer++ to use tools other than
Autoconf and GNU make. Moreover, different combinations are allowed. For example, we have found

4



Goadls of Doozer++

that make(1) does not deal well with compiling Java code in general. A more appropriate tool for this
task has come out of the Apache Jakarta Project [http://jakarta.apache.org/] called Ant [ht-
tp://jakarta.apache.org/ant/]. Within Doozer++, we could make use of Ant instead of or in addition to
GNU make to compile Java software. Nothing restricts users to Autoconf and/or GNU make.

The basic idea behind the separation is the following: detect and configure the static information needed
to execute tools that compile a (potentially complex) software system. This leads to a two-step process:
configuration and compilation. These steps are described in the following subsections.

Configuration

During the configuration stage, we determine what tools are available that meet a given set of needs.
Typically, this means finding suitable compilers and determining what options the compilers support. Of
course, most projects have more complicated needs than this. For example, VR Juggler can be compiled
with several different versions of GCC (2.95.3 through 3.1 as of this writing). When moving between
platforms, the GCC C++ compiler will aimost always be called g++, but it may not always be the same
version?. For that reason, it may be necessary to perform several version-specific detection steps, includ-
ing, but not limited to, the following:

» Whether agiven option is required or even supported (for example, - f except i ons or -
LANG <ar g>)

» What header filesare available (hash_nmap. h, hash_nap, ext / hash_nap, or none of the pre-
ceding, for example)

» What libraries are needed for linking shared libraries or executables (I i bdl , I i bposi x4, or
ws2_32.1i b, for example)

Moving beyond compiler-specific issues, it may be necessary to detect the installation of third-party lib-
raries or programs. Often times, simply finding an installation is not sufficient. The version of thein-
stallation must also be checked to ensure compatibility with the user's project.

This al boils down to one thing: automation. The job of the configuration step is to automate as much as
possible. In so doing, the code used to write the compilation can be simplified. In effect, the compilation
step becomes a very generic process that is configured based on many platform-, compiler-, and site-
specific details that cannot be detected easily by atool designed for compiling.

Compilation

Aswe just described in the preceding section, the compilation step should be a very generic process.
Compiling software tends to be a very serialized or step-by-step process. Subsequent steps depending on
proper completion of preceding steps. Nothing in particular about compiling software (or code genera-
tion in general) hasto betied to a specific set of tools. The process should depend more on the source
code and what steps are necessary to generate the desired outcome.

Whileit is possible to construct build system software that does everything in the compilation step (ala
Doozer proper), such systems tend to be very inflexible. Everything that could provided more generic-
ally through the configuration phase must be defined statically in makefiles (or whatever specification
file is being used to direct the build process) and in the code. For example, consider the following C++
code:

#if defined( HAVE_HASH MAP)

%Ona platform with multiple GCC installations, the executable names typically vary based on the version. For example, a
FreeBSD 4.x installation with multiple GCC builds may have the executables g++, g++30, g++31, and g++32 for versions 2.95.4,
3.0, 3.1, and 3.2 respectively. On RedHat Linux 7.2, g++ is GCC 2.96 while g++3is GCC 3.0.4.
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Goadls of Doozer++

#i ncl ude <hash_map>

#el i f defi ned( HAVE_EXT_HASH NAP)

#i ncl ude <ext/hash_nap>

#elif defined( HAVE_HASH MAP_H)

#i ncl ude <hash_map. h>

#el se

#error "std::hash map is not available with this conmpiler”
#endi f

The code above is not tied to any specific compiler or any specific compiler version. Now, consider the
following code that achieves the same result:

#if defined(__GNUC_)

# if _GNUC_ <3 && GNUC_ >=2 & GNUC MNOR__ >= 95
# i ncl ude <hash_nap>

# elif __ GNUC_ >= 3

# i ncl ude <ext/hash_nap>

# else

# i ncl ude <hash_map. h>

# endif

#elif defined(__MSVC VER )

# if _MSBVC VER _ >=7

# i ncl ude <hash_map>

# else

# error "std::hash nap is not available with this compiler”
# endif

#elif defined(__sgi_ )

# include <hash_nmap>

#el se

# error "std::hash_map is not available with this conpiler”
#endi f

The former is much shorter and hides all the platform- and compiler-specific details in the definition of
the various HAVE_* symbols. The latter code is clearly much more complicated and only supports three
compilers: GCC, Visual C++, and MIPSpro. (The latter example may also have inaccuracies. Think of it
more as pseudo-code than something taken from real C++ code.) Certainly, the latter could be simplified
by adding command-line options defined in platform- and compiler-specific makefile stubs (-
DHAVE_HASH MAP and so on), but such options would have to be provided for all possible cases. That
method has obvious scalability problems, however.

Many other projects provide a variety of platform- and tool-specific makefile stubs that set up a build
environment at the time of compilation. This inevitably leads to an ever growing number of stubs asthe
software becomes more portable or as external tools (especially compilers) evolve. For example, omni-
ORB 3.0 (an excellent, freely available ORB implementation) has forty makefile stubs, four of which
are for use on varying configurations Linux/i386. The upcoming omniORB 4.0, on the other hand, uses
Autoconf to separate the platform-specific pieces from the generic, platform-independent compilation
work.

Further Developments

There are many long-term goals for Doozer++ that are beyond the scope of this document. As should be
evidenced from the previous sections, however, some near-term goals include the use of project builder
tools besides make(1).




Chapter 3. Goals of the VR Juggler
Build System

The VR Juggler 2.0 build system is based on Doozer++, and thus the goals of Doozer++ extend into the
VR Juggler build system. The VR Juggler build system has a much narrower scope than Doozer++, so it
has some unique goals, and they are as follows:

* Centralize the complexity of the build code
» Minimize what users must remember to configure and compile the source

* Port quickly to new platforms

In the following sections, we discuss each of the above goalsin more detail.

Centralize Complexity

Due to the size of the VR Juggler 2.0 source base (nearly 500,000 lines of C++ and Java by one estim-
ate), it isimportant that the complexity of compiling be centralized rather than spread out over the entire
source tree. Centralizing the complexity allows most of the work to be done once, the results of which
can then be reused by the rest of the build code. Thisis the key tenet for the other goals.

Centralization of complexity allowsthe VR Juggler build to follow the goal of Doozer++ wherein tools
and tasks are separated based on what they do. The result is that each of the modul€'s has an Autoconf-
and Doozer++-based configure script that bears the brunt of the work needed to hide complexity. Then,
each module has one or more “ glue” makefiles that pull everything together. These glue makefiles typ-
ically direct a given modul€e's build process so that steps occur in the correct order. Because they oversee
the whole compilation process, they are often large files with many targets, each of which isresponsible
for a specific task. With a configure script and a glue makefile, all that remainsisalisting of sourcefiles
that must be compiled. The makefilesthat list source files are often very, very short and easy for anyone
to extend.

With this foundation, the complexity is separated thusly:

 Platform-specific work happens in a configure script where a flexible programming language is read-
ily available

» Flow of execution during compilation is directed by asingle, often long, glue makefile

 Source listings (for any language) are placed in short makefiles that are called by the glue makefile

Other steps have been taken to offload complexity or repeated tasks into centralized components. For

example, the directory j uggl er/ macr os contains Autoconf/m4 macros that can be used in configure

scripts. Most of the macros are used to detect and provide information about the various modules that

comprise VR Juggler. There are afew helper macros that build on top of Doozer++ and common idioms
we have used to simplify configure scripts further.

Minimize Special Steps

As has been discussed at great length previoudly, it isimportant that users of the build system be freed
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Goals of the VR Juggler Build System

from remembering many command-line arguments or special steps that must be taken to build a given
piece of software. With several modules to configure and build, thereis alot to know about compiling
VR Juggler. Most modules have external dependencies, the paths to which must be specified using com-
mand-line arguments. Furthermore, some modules may be compiled differently based on configuration-
time settings. The so-called “global build” manages all of this, and so it has the responsibility of redu-
cing the amount of information users must remember.

To that end, the global build offers some features for remembering command-line arguments so that
users do not have to. Many of the configure scripts for the individual modules are written such that the
default values for arguments are reasonable enough that users rarely have to pass them. The combination
of these two features usually allows the typical developer to run the global configure script with no argu-
ments. While thisis not always the case (for example, on Win32, the path to NSPR must be specified
unless the user has done something special in his or her environment), it happens often enough to keep
people reasonably happy.

Quickly to New Platforms

VR Juggler as awholeis across-platform software system. Porting to new operating systemsis a non-
trivial task, and spending time porting the build system to new platformsis time that could be spent
more effectively. Speaking less abstractly, before the source code can be ported to a new platform, the
build system has to be capable of compiling the source code on the new platform. For that reason, it is
important that the entire build system can be put to use right away so that the attention can be devoted to
the more difficult task of porting C++ code.

The VR Juggler build system islimited in its portability by the portability of Doozer++. To its credit,
Doozer++ is more portable than VR Juggler at thistime, so the VR Juggler team still has some room to
move. Even so, the VR Juggler build hasits own quirks, and thus, people writing the code to build VR
Juggler must always have portability in mind. For example, “BASH-isms’ must never appear in VR
Juggler configure scripts or makefiles. Most Linux distributions may use BASH for / bi n/ sh, but that
certainly does not meant hat al operating systems vendors follow that unfortunate trend.

In keeping with the Doozer++ goal of separating tools and tasks, the VR Juggler build system offers
good portability by putting all of the platform- and software-specific pieces in Autoconf configure
scripts. In so doing, the makefiles rarely, if ever, have to be modified when a new platform is added to
the list. Furthermore, makefiles for GNU make lack sufficient programmatic constructs to provide de-
velopers with the ability to write tests that provide more than limited portability. While the Doozer soft-
wareisrelatively portable through its use of GNU make and platform-specific makefiles, it is missing
the expressiveness of something based on Autoconf (or asimilar tool). As discussed in the previous
chapter, the use of make(1) alone for portability requires much effort to make hard-coded, platform- and
site-specific makefiles.




Part Il. Design

“Three Rings for the Elven Kings under the sky, Seven for the Dwarf Lordsin their halls of stone, Nine
for Mortal Men doomed to die, One for the Dark Lord on his dark throne, In the Land of Mordor, Where
the Shadows lie. One Ring to rule them all, One Ring to find them, One Ring to bring them al, And in
the darkness bind them, In the Land of Mordor, Where the Shadows lie.”

--JR.R. Tolkien, The Lord of the Rings, Volume 1, page 81




Chapter 4. The “Global” Build

In this chapter, we present the design of the so-called “global” build. We cover the high-level aspects of
the build system that ties together all the other build systems. In a sense, thisis the one build system to
rule them all.

Follow the Rules

In order for the global build to work, the modules it wraps must follow certain rules. If a module does
not comply with all the rules, there is no guarantee that it will be able to compile under al circum-
stances. In other words, “rogue” modules that only implement a few pieces of the puzzle quickly be-
come the weak link in the chain, and module build system authors who want to live outside the rule set
complicate matters for everyone else.

Because the VR Juggler build system is a complicated dance, there are many rules that must be fol-
lowed. For example, certain targets must be defined so that recursive make(1) calls can proceed through
the entire source tree. These targetsinclude'r el ease’,'i nst al | - debug’, 'l i nks', and'bui | d-
wor | d'. Other rules include restrictions on the names of files or directories, use of platform-specific
conventions, the presence of aworking - conf i g script (seethe section called “The* - conf i g Scripts
and the* . m} Macro Files’), and provisions for the detection of a usable installation. The full list of
rules are provided in the following subsections.

Required Targets

There are anumber of targets required by the global build. Some of these were listed above. The follow-
ing sub-subsections give a complete list of al targets that must be implemented by a modul€e's glue
makefile. The targets are grouped by the task they perform.

Build Targets

The build targets have the job of building source code. What this meansis up to the individual module.

It may, for example, include the generation of source code using tools such as an IDL compiler, an XSLT
processor, or a Java compiler. The targets need not do anything if, for whatever reason, the generic
concept of building source code does not apply.

build Thistarget builds everything. It executes the first phase of the 'wor | d' target (i.e., only
the build phase, not the install phase). Since it builds both debugging and optimized
versions of amodule without installing, it is useful for testing changes to the library
code to ensure that it works in both the debugging and optimized cases. A profiled ver-
sion of the module may also be built if the module build system supports that and the
compiler can build such aversion.

buildworld Thistarget isthe sameas'bui | d'.

debug Build only the debugging version of the module. If the target platform supports both
types, static and dynamic versions are compiled. In other words, the module is built so
that debugging symbols are turned on. It is the combination of ‘dbg’ and 'dbg- dso'
(see below). Thisisthe default target and is what gets built if running make(1) with no

arguments.

optim Build only the optimized version of the library binaries (both static and dynamic). This
is built with no debugging symbols at al. It is the combination of ‘opt ' and
‘'opt - dso'.
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profiled

dbg

dbg-dso

opt

opt-dso

prof

prof-dso

Build only the profiled version of the library binaries (both static and dynamic). This
capability is dependent on the compiler being used. Not all compilers support the pro-
cess of generating profiled code, so thistarget may have no effect. Profiled libraries are
built with debugging symbols. Thistarget is the combination of 'pr of * and 'pr of -
dso'.

Build only the static debugging version of the libraries. This does the same thing as
‘debug' but does not compile the dynamic libraries.

Build only the dynamic debugging version of the libraries. This does the same thing as
‘debug' but does not compile the static libraries.

Build only the static optimized version of the libraries. This does the same thing as
‘'opt i M but does not compile the dynamic libraries.

Build only the dynamic optimized version of the libraries. This does the same thing as
‘opt i M but does not compile the static libraries.

Build only the static profiled version of the libraries. This does the same thing as
'pr of i | ed' but does not compile the dynamic libraries.

Build only the dynamic profiled version of the libraries. This does the same thing as
'pr of i | ed' but does not compile the static libraries.

Installation Targets

Theinstallation targets set in motion the process of installing amodule. Aswith build targets, what this
means may vary from module to module. Each module is responsible for ensuring that itsinstallation
hierarchy exists before trying to copy files.

install

installworld

install-debug

install-optim

install-profiled

Thisisthe complement to 'bui | d' (described in the section called “Build
Targets’), and in most cases, it is assumed that the build was performed be-
fore an installation is attempted. This target executes the second phase of the
‘wor | d' target. It performs a complete installation of debugging and optim-
ized versions of amodule. Installation of a profiled build will be performed if
aprofiled version was generated. Further, both the dynamic and static ver-
sions of amodule will beinstalled if the target platform supports both. (This
is of course assuming that the module builds one or more libraries.)

Thistargetisthesameas'i nstal | ".

Install only the debugging version of the module. If the module includes one
or more libraries, both static and dynamic versions of the libraries are in-
stalled.

Install only the optimized version of the module. If the module includes one
or more libraries, both static and dynamic versions of the libraries are in-
stalled.

Install only the profiled version of the module. This may have no effect if the
module build system does not support building profiled code or if the com-
piler cannot generate profiled code. If the module includes one or more librar-
ies, both static and dynamic versions of the libraries are installed.

Multi-Step Targets
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There are afew multi-step targets required by the global build. Essentialy, these targets perform builds
and installations, though they do not necessarily build and installed exactly the same thing. They arein-
tended to be used for making releases or for users who simply want a one-step build/install of a module.

world Clean up the build environment and then build and install everything using the
default ABI and ISA. Thisisasimple target for those who just want to build
and install the module as simply as possible. “Everything” in this caseis the
following:

» Debugging, optimized, and profiled versions of the library binaries

» Shared and static versions of the library binaries (if both are supported on the
target platform)

» Header files
« Sample applications, test code, user tools, etc.
» Datafiles (sample config files, model files, whatever)

world-all-abi Thisisthe same asthe 'wor | d' target except that it builds and installs all pos-
sible ABI and | SA combinations for the target platform. On IRIX, for example,
this means that all combinations of N32, 64, mips3, and mips4 (debugging and
optimized versions) are built and installed. Most platforms currently support
only one ABI/ISA combination thus making this target the same as'wor | d'.

Note

As of thiswriting, the global build does not have this target. Some modulesin the Juggler
Project still do not support building multiple ABIs.

release Thistarget issimilar to 'wor | d' except that the installation tree is suitable for
redistribution. Extrafiles such as the change logs, the release notes, and the li-
censefiles areinstalled. In addition, the tree is stamped with a build time to
help track possible differences between two releases of the same version. (This
has only occurred for one VR Juggler betarelease, but it seems like a good idea
to have the build time included with a distribution.)

release-all-abi Thisisthe sameasthe'r el ease' target except that it builds and installs all
possible ABI and ISA combinations for the target platform. On IRIX, for ex-
ample, this means that all combinations of N32, 64, mips3, and mips4
(debugging and optimized versions) are built and installed. Most platforms cur-
rently support only one ABI/ISA combination thus making this target the same
as'rel ease’".

Note
As of thiswriting, the global build does not have this target. Some modules in the Juggler
Project still do not support building multiple ABIs.
Clean-Up Targets
There are three targets used to clean up the build environment. Each cleans the tree to a different degree.

Of the following three, 'cl ean' and ‘'cl eandepend' remove digoint sets of files. The'cl obber ' tar-
get performs at least the tasks of 'cl ean' and 'cl eandepend'.
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clean Clean up everything in the build environment. This usesthe 'cl ean' target defined
by Doozer++ that is automatically included by all makefiles. The cleaning processis
recursive just as the build processis. Each makefile may define which files are safe
for cleaning, but generally core files, compiler-generated files, and object files are the
only things removed during this process.

cleandepend Clean up the automatically generated dependency files (the . d filesin each direct-
ory). This method for cleaning up deletes only these files and nothing else—ever.

clobber Clean up (clobber) the entire build environment except what was generated by con-
figure. Thisruns the above clean-up targets and removes the object directory(ies) and
| i b directory(ies). Its purpose isto reset the build environment to its state just prior
to running configure.

Developer Targets

Finally, there are two targets that are relevant only to developers. These relate to the devel oper installa-
tion (see the section called “ The Developer Installation”). One creates the devel oper installation, and the
other removes it.

links Set up the devel oper pseudo-installation environment.

clean-links Remove the devel oper pseudo-installation environment.

File and Directory Names

There are certain naming conventions for files and directories that must be followed in order to ensure
consistency among all the modulesin the Juggler Project. Not al of these relate directly to the build sys-
tem, but the names may be influenced by the way the build system works.

Autoconf-Generated Header File

All the modules (save one) make use of an Autoconf-generated header file that sets up #defines based on
tests performed by the modul€'s configure script. To avoid overlap or confusion, these files are named
based on the modul€e's C++ namespace. Furthermore, the header files must be generated within the mod-
ule's unique header directory. For example, in Gadgeteer, the C++ namespaceis gadget . Hence, the
header fileisgadget Def i nes. h, and it isgenerated to the gadget directory.

The reason for the redundancy isto prevent user errors by avoiding ambiguities. Consider the following
bit of code:

#i ncl ude <defi nes. h>
#i ncl ude <vpr/ Sync/ Mut ex. h>
#i ncl ude <vrj/Kernel/Kernel.h>

Now, for the sake of this example, assume that a user had both -I$VJ BASE DIR/include/vpr and -
I$VJ BASE_DIR/include/vrj on his or her command line. If both VPR and VR Juggler had a

def i nes. h file, there would be no way to distinguish which iswhich. While thisis a textbook case of
operator error, the naming convention we use avoids this case entirely.

The problem arises because the generated header files do not include any other headersin the project. As
aresult, the generated headers are not tied as tightly to the directory structure as are the static headers.
Hence, the above case is not so far-fetched. It could happen very easily with an inexperienced user.
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Module Configuration Header

Each module has a single header that includes the header file generated by running configure. The idea
here isto have a single point where common actions are taken based on what comes in through the gen-
erated header. For example, based on platform settings, symbol export macros are defined in the module
configuration header. This single header is then included by all the other files in the project.

The naming convention for the module configuration header is the same as that of the generated header
except that the word “ Config” is used instead of “Defines’. The reasoning for this convention is similar
to that of the generated header, but in this case, at least one other file from the project is being included.
Namely, the generated header fileis always included on the first (non-comment) line of this header file.
We decided long ago that the name Conf i g. h was too common and needed an extra bit of uniqueness.
Again, thisis done to prevent user errors.

Data Directory

In VR Juggler 2.0, the installation of multiple modules must be managed so that one modul€'s (optional)
extra data does not conflict with that of another module. All data must be installed into the directory
$(prefix)/shar e (to use some make(l) notation). To prevent conflicts with other modules (and
with other software that may already exist on the target machine), each module must name a project data
directory (the variable $( pr oj dat adi r) isused to store thisin the makefiles). In most cases, the
unique directory should be the name of the project in lowercase letters with no spaces. For example, the
directory for JCCL would be $( pr ef i x) / shar e/ j ccl , and the directory for VR Juggler would be
$(prefix)/share/vrjuggler.

Installation Hierarchy

The structure of an installation hierarchy isfairly open, but there are several basic requirements. They
are asfollows:

» Headersgoin$prefi x/i ncl ude. Ideally, amodule will use a subdirectory of that for its own
header files.

 User-accessible executables/scripts go in $pr ef i x/ bi n.

* Librariesgo in subdirectories of $pr ef i x/ I i b (or avariant thereof depending on platform-specific
conventions). More specifically, optimized librariesgo in $pr ef i x/ | i b/ opt , debugging libraries
goin$prefix/|ib/debug, and profiled librariesgoin $prefi x/ | i b/ profil ed. Thereis
further subdivision within those directories based on the binary format (ELF, a.out, etc.) and the in-
struction set architecture (1386, 1686, mips4, sparc, etc.). To make things more convenient for users,
symlinksto (or copies of depending on the host platform) libraries should be madein
$prefix/1ib.Forfull releases, we make symlinks to the optimized libraries. In the developer in-
stallation, we make symlinks to the debugging libraries. Typicaly, profiled libraries will be named
differently than their non-profiled counterparts, so symlinks to those can be made along side the non-
profiled versions.

* Project datafiles and sample code goesin $pr ef i x/ shar e/ <pr oj ect - nane>. The use of the
<pr oj ect - name> subdirectory isto avoid conflicts with existing software.

confi gure. pl

The script conf i gur e. pl isaPerl script written to act as part of a build wrapper around an arbitrary
collection of software modules. The modules are linked through some sort of (conceptual) dependency
graph, in this case specified by a simple configuration file (see the section called “Build Configuration
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File"). confi gur e. pl readsthe configuration file and proceeds to configure the individual modules
in an order that satisfies the dependencies. Along the way, environment variables are set or extended so
that each subsequent module is configured with the correct settings. The processes of managing the de-
pendencies and performing the configuration are the topics of this section.

Configuration File

Before explaining how conf i gur e. pl managesits dependencies, it will be helpful to understand the
role played by the configuration file from which the dependencies are read. In the VR Juggler build sys-
tem, thefileiscalled j uggl er . cf g, and it islocated in the top-level source directory. At avery high
level, the configuration file defines one or more modules that must be configured and compiled. The
modules may be independent of each other, or they may form a dependency graph. In the latter case, one
modul e states that it depends on one or more other modules. The following code block shows an ex-
ample of this:

nodul e VPR

ext ernal ;
nmodul es/ vapor;

}

nodul e Tweek

depend VPR,
nmodul es/ t week;

ese lines declare two modules named “VPR” and “ Tweek” respectively.

ese lines list directories upon which the containing module depends. Each of these directories
st contain a script called conf i gur e that can be executed. This method of listing dependen-
requires explicit paths, and it helps greatly if those dependencies exist within the local source

tree.
isline indicates that the Tweek module depends on the VPR module. Here, note that depend isa
ord with special significance. In effect, the VPR module is included inside the Tweek module
inition so that it picks up all of VPR's dependencies.

Going deeper into the module definition, we find that environment variables can be set with each direct-
ory listing using a comma-separated list. These variables provide extrainformation about the configura-
tion environment after the configure script has completed successfully. To illustrate this, we extend the
above example as follows:

nodul e VPR

external ;
nodul es/ vapor: VPR_CONFI G=vpr-config, VPR BASE DI R=i nstli nks;

9& Tweek
{

depend VPR,
nmodul es/ t week: TWEEK CONFI G=t week- confi g, TWEEK BASE DI R=i nst | i nks;

s before, these lines list directories upon which the containing module depends. Thistime, we

e added environment variable settings for the variables $VPR_CONFI G $VPR_BASE DI R,
WEEK_CONFI G, and $TWEEK_BASE DI R.
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While an¥ environment variable can be set in the configuration file, those shown above have specia sig-
nificance™. Those variables ending in _CONFIG set the corresponding environment variable to include
the full path to the named file (despite the fact that the full path is not given in the assignment). The path
is constructed using the associated directory dependency. This directory is also added to the script's exe-
cution path. This extralittle bit is needed so that agiven - conf i g script can be executed by another -
confi g script if necessary. (The details about why all of thisis necessary are discussed in the section
caled“The* - confi g Scriptsand the* . m4 Macro Files’.)

Those variablesending in _BASE DIR define the installation directory for the given module. Inthe VR
Juggler build system, thisis necessary for dependent modules to find the headers and libraries they need
to compile. (Again, more information about thisis given in the section called “The* - conf i g Scripts
and the* . md Macro Files’.) Once again, the value being assigned has specia significance. If the value
isthetoken instlinks, it is taken to mean that the full path to the installed module isin a directory relat-
iveto the current directory called i nst | i nks. Any other value is used verbatim as the value of the en-
vironment variable.

Dependency Management

Dependencies within modules are maintained using a simple Perl data structurein the Juggl er Mod-
ul e class. Parsing the configuration file resultsin instantiation of this data structure. There is one such
instance for each module defined. Each instance contains an array of Modul eDependecy objects.
Steps are taken to ensure that there is no duplication of dependencies within asingle Juggl er Modul e
instance.

The *-confi g Scripts and the *. nd Macro
Files

Thevarious* - conf i g scripts(vpr - confi g, t week-confi g,vrjuggl er-confi g, etc.) play a
vital rolein the design of the global build. Unfortunately, thisis also where the global build gets com-
plex. Here, code that isintended for use by users of VR Juggler and associated modulesis put to use by
the code that compiles everything. It makes use of a strict set of behaviors wherein various environment
settings and command-line options form a hierarchy of preferences and fallbacks. If anything goes
wrong with a user's configuration process, it is almost alwaysrelatedtoa. ma fileor a- conf i g script
giving unexpected results because of a misused command-line option or a“dirty” environment.

A Typical - confi g Script

We will now examine atypical - conf i g script. We will not focus on any script in particular, but in-
stead, we will describe the fundamental concepts and requirements shared by all implementations. Read-
ersinterested in implementations to use as references should consider the following:

» vpr-confi g: Thisisthemost basic - conf i g script. It has no external dependencies, and it only
dealswith onelibrary.

* tweek-confi g: Thisscript dependsonvpr - conf i g for proper execution, and it deals with some
interesting special cases. Namely, it must be able to inform callers about information relating to C++,
Java, and IDL. This script deals with one C++ library and multiple Java libraries distributed as JAR

The fact that any variable can be set but that some are treated as special casesis a deficiency in the design of confi gure. pl .
The current use was put together out of necessity to provide the script with extrainformation needed for proper execution of each
modul€'s Autoconf-generated configure script.
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files.

» vrjuggl er-confi g: Thisscript isinteresting because it has the most dependencies (it depends on
vpr-config,tweek-config,jccl-config,gadgeteer-config,andsoni x-confi g)
and because it dealswith multiplelibraries (I i bJuggl er, | i bJuggl er _ogl ,and! i bJug-
gl er _pf).

To proceed with the abstract discussion, we will now describe the job that must be performed by all -
conf i g scripts. We then explain how external dependencies are managed. We conclude with a discus-
sion of how a- conf i g script is generated as part of the configuration process.

The Job

Thejob of any - conf i g script issimple: provide the information needed to compile against the associ-
ated library. Thisinformation can work in the context of building a higher level library or an application.
The basic information that must be provided is as follows:

» Module version number

C++ compiler flags including header paths and compiler-specific options such as- f excepti ons or
-LANG std

C++ linker flags separated into two categories:
1. Thebasic list of librariesthat are distributed with the module in question

2. The complete list of external dependencies needed to link an application

Static linking options

Profiled library linking options (if profiled libraries are available)

Other information may be provided as necessary (seet week- confi g andj ccl - confi g, for ex-
ample).

External Dependencies

In the Juggler Project, we usethe - conf i g scriptsin an interesting manner. A given script, say gad-
get eer - confi g, will cal al the- conf i g scripts of the modules on which it depends. The collected
output is compressed and returned to the user. In thisway, we avoid trying to manage all the dependency
information in every module. Instead, we rely on each module to report its information correctly. Then,
the highest level module only hasto collect it and print it out.

The key to this functionality isthat all the- conf i g scripts can be found in the user's path. Further-
more, because our - conf i g scripts are written in Perl, we have easy access to the path used to invoke
each script. (Thisis actually a side effect of the scripts being in the user's path, and the path information
would be available regardless of the scripting language. Perl just makesit easy to extract and operate on
the given information.)

The dependencies only comeinto play for certain information requests. Those requests are the follow-
ing:

o C++flags(- - cxxfl ags)
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* Include paths (- - i ncl ude)
e Basiclibraries(-- 11 bs)

» External dependency libraries (- - extra-1i bs)

Each of the above iteratively callsthe - conf i g script(s) from the dependency module(s) using at least
a subset of the arguments specified by the user on the command line. One additional argument is given
that reduces the amount of output: - - m n. This causes each script to print out only the minimal inform-
ation needed for compiling. The motivation for doing thisis to keep the compile lines short whenever
possible.

Script Generation

Finally, we explain the last detail relating to all - conf i g scripts used in the Juggler Project: script gen-
eration. As part of the global build, al these scripts must be generated at configuration time. Thisis ne-
cessary for each subsequent module to be configured correctly. That means that each modul€'s configure
script is making use of “external” - conf i g scriptsto get command-line arguments and version inform-
ation. This allows the use of pre-existing installations of dependencies. For example, Gadgeteer depends
on JCCL and VPR. Normally, it would satisfy those dependencies using source from the same tree, but a
user may already have JCCL and VPR built and installed. By setting up his or her path correctly, vpr -
configandj ccl - confi g canbefound, and Gadgeteer can be built using the existing installations.

As of thiswriting, there are no hard and fast rules regarding script generation other than the fact that
they must be generated as part of module configuration. The prevailing convention within agiven con-
figure.inistomake separate substitution variables used only inthe - conf i g. i n templatefile.
That isto say that these variables are separate from those used in template makefiles and other . i n tem-
plates. The separation is done through syntax alone. Those variables that are substituted in the genera-
tion of a- conf i g script are spelled using lowercase letters exclusively. Other substitution variables are
spelled using all uppercase letters.

Again, thisisnot a hard and fast rule. Indeed, some variables are shared between all files (for example,
$USE_GCCor SMAJOR_VERSI ON). In general, such exceptions are allowed because there is no differ-
ence in usage between a- conf i g script and a generated makefile. The important distinctions arise
with compiler and linker flags. In particular, there are some flags that should only be used in the process
of building a given module but should not be exposed to users. An example is the MIPSpro - Wf f flag
that is used to disable compile-time warnings. Exporting this option would force usersto disable the
same warnings whether they want to or not. Essentialy, it is up to the module build system author to use
good judgement when deciding what to export and what to use internally.

To summarize, the separation of the substitution variablesis done for two reasons:

1. To manage potential differences in semantics between module compilation and module use.
2. Tomakeit clear to readers of the relevant files which variables are used for which purpose.
To date, this mechanism has worked well (at least for those few who know about it). In one case, failure
to follow this convention caused compilation of a module to break because alinker variable was serving

double duty. This variable was setting internal linker options and forcing the use of those same options
for external code.

A Typical . m4 File

With an understanding of what information a- conf i g file provides, we can move on to the m4 macros
that make use of those files at configuration time. Each module in the Juggler Project has a correspond-
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ing m4 macro suitable for use within an Autoconf conf i gur e. i n file. For example, Gadgeteer has a
macro called GADGETEER _PATH. Thismacroisusedin VR Juggler'sconfi gure. i ntofind aus
able Gadgeteer installation.

The basic concept behind all these macrosis the same: provide away for a configure script to detect a
usable installation. The way thisis doneisfairly straightforward. The basic step-by-step processis as
follows:

1. Find the modul€e's - conf i g script. If the script cannot be found, execute the user-specified failure
steps and “return”?.

2. Using the- conf i g script, get the version of the installation and compare it against the user-
specified minimum required version.

3. If the version is sufficient, execute the user-specified success steps and set variables for compiler and
linker arguments using the - conf i g script. If the version comparison fails, execute the user-
specified failure steps and “return”.

We now proceed into the details of atypical . m4 file. First, we will cover the mechanism used to dedl
with paths to installations. Then, we explain what variables must be set by a modul€'s m4 macro.

Path Setting Preferences

The most complex part about understanding the Juggler Project . m4 filesis the management of path set-
ting preferences. The path in question is the path to the installed module. The installation may be on the
local file system, or it may exist as a devel oper pseudo-installation (refer to the section called “ The De-
veloper Installation” for more information on that topic). The specification of that path by the user is
where we now direct our interest. The following list gives the path setting preferences in order of de-
creasing preference (i.e., the first has highest precedence, and the last has lowest precedence):

1. The _CONFI Genvironment variable which gives the full path to the modul€'s - conf i g script. The
name of the environment depends on the specific . n¥4 file. For example, vpr . mt checks for
$VPR_CONFI G. In general, the environment variable name should match the name of the- confi g
script except in capitalization and the use of an underscore () instead of a hyphen (-).

2. The command-line argument - - wi t h- <nmodul e>- exec- pr ef i x which specifiesthe directory
containing the - conf i g script. Here, the string <nmodul e> depends on the way the . m fileiswrit-
ten to declare accepted command-line arguments.

3. The command-line argument - - wi t h- <nodul e>- pr ef i x which specifies the directory contain-
ing the full module installation. The named directory must contain abi n subdirectory, and this sub-
directory must contain the module's - conf i g script.

4. Themodule's_BASE_DI R environment variable. The directory named by the environment variable
must contain abi n subdirectory that in turn contains the module's - conf i g script.

5. The user's path which must include the directory that contains the module's - conf i g script.

The magic that happensin configure.pl is aresult of setting the appropriate _ CONFI G environment
variable and extending the path to include the various module directories in the build tree. Through the
combination of these steps, agiven - conf i g script isfound using the  CONFI G environment variable,
and any other - conf i g scriptsit needs are found using the path. For each module that is built, the en-
vironment in which configure.pl runsis extended. Refer back to the section called “Build Configuration
File’ for information about how the necessary file and environment variable names are provided to con-

Ph&’fl[aﬁ;‘? these macros do not return because the code isinlined. M oreover, the user-specified failure steps may include halting
the configure script and exiting with failure status.
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Variables Defined

Upon successful completion of step 3 (see above), there are several shell variables defined for the call-
ing code to use. Typically, these variables are concatenated with other variables to form the full set of
options passed to the compiler and the linker. In order to maintain consistency across all the . m4 files, it
isimportant to know what variables must be defined and why.

First, the variables can be separated into two broad categories: minimal and maximal. The basic idea
with minimal versus maximal flagsisto allow the user some flexibility in composing the full command-
line options. The minimal variables provide only the minimum amount of information needed for com-
piling. No dependency information is included. For example, such settings usually include one or two
header path extensions (- | options) and mandatory compiler flags such as- LANG: st d. The maximal
variables, on the other hand, include all the information needed for compiling including dependency
data. More concretely, the minimal C++ compiler flags for Gadgeteer would give the header path for the
Gadgeteer headers and any mandatory compiler flags. The maximal C++ compiler flags would include
the minimal information as well as flags relating to JCCL, Tweek, and VPR (in that order). The same
would be true for linker flags. To summarize, the minimal variables must be mixed with other minimal
variablesif the module has dependencies; the maximal variables can stand on their own.

Within the minimal and maximal categories, there are two more categories. compiler flags and linker
flags. Based on the discussion above, this distinction should be fairly obvious. This distinction is made
to deal with platforms where the compiler is not used to perform the link stage. Since some compilers
can call the linker as necessary, linking ﬂags3 suitable for use with the compiler are provided. The dis-
tinction is made by the variable name. Linking flags that can be passed to the compiler have CC in
their name; linking flags for the linker have LD _in their name.

Continuing with the subdivision, the linking flags are divided into two categories: static and dynamic.
Thisis doneto allow static linking of one or more libraries instead of dynamic linking. The usua default
would be dynamic linking, and the variable names reflect that. Those variables that contain static linking
flagshave STATI C_ intheir names.

The Developer Installation

At varioustimesin the history of the VR Juggler project, the devel oper “pseudo-installation” has been a
topic of great controversy. Questions (or arguments, depending on your perspective) regarding its use-
fulness and its differences from a release installation come up repeatedly. The reason for its existenceis
quite simple: to simplify the lives of developers. The differences between the developer installation are
also fairly simple. In anutshell, a devel oper installation uses debugging libraries by default and links ap-
plications statically. A release installation, on the other hand, uses optimized libraries by default and
links applications dynamically. The reasoning behind thisis alittle more difficult to nail down, and for
that reason, we will say that it is beyond the scope of the document.

To satisfy the only goal of the developer installation (simplification of developers' lives), the devel oper
installation must act exactly like arelease installation, but it must be inside the build tree. The developer
installation is created automatically as part of the build process, and ideally, its construction is faster
than that of afull releaseinstallation. In any case, if all goes well, adeveloper can treat this pseudo-
installation as if it were areal installation for the purposes of running tests.

Prior to early August 2002, the devel oper installation was created separately from arelease installation.
This was done through the use of symlinks on UNIX-based platforms and file copies on Win32. Since
August 2002, the developer installation still uses symlinks or file copiesin the same manner, but there is
no longer a separation between creation of the developer installation and the release installation. In other
words, the release installation is used to make the developer installation, but it is directed to install into

3Note the distinction between linker flags (flags for the linker program) and linking flags (flags used to link object files).
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the build tree.

The decision to use symlinks or file copiesis based on the host platform and on the use of the'l i nks'
target that every module must define. Using a custom Perl script, bsd-install.pl, written to be fully com-
patible with BSD install(1), symlinks may be created instead of using file copies. (The bsd-install.pl
script comes with Doozer++ 1.5 and beyond.) Within the script, atest is performed to determineif the
host platform is a Win32 system. If so, copies are always used because there are no symlinks on Win32
file systems. All of these decisions had been made in each modul€e's build system, but they have since
been offloaded into bsd-install.pl. Thisisin keeping with the Doozer++ goal of centralizing complex-
ity.

Future Goals

At one time, there was a long-term goal for this global build script, or “project builder”. In conjunction
with cvs-gather .pl, a semi-arbitrary collection of software packages would be downloaded and com-
piled. The commonality between them would be the use of configure scripts that would be invoked by
the project builder. The dependencies would be specified through some configuration file, possibly writ-
tenin XML, that would be constructed on the fly based on the cvs-gather .pl dependency file.

These lofty plans have not materialized, and it is unclear whether the need for such atool still exists.
Nonetheless, the idea of a highly generalized project builder played akey role in the way that config-
ure.pl was written. In particular, its highly generic nature was motivated by the potential for download-
ing arbitrary source code and running a configure script. The makefile generated by configure.pl ini-
tially followed this goal, too, but it has since had its scope narrowed to deal with the specific conven-
tions of the VR Juggler project.
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The documentation for the individual modules is maintained separately from the source code build. This
is done primarily because writing code to DocBook and related software would take too much time and
gain us very little. For the most part, the Juggler Project documentation is intended for posting on the
website. As such, the build environment is much more controlled than one that is provided for (easy?)
use by the general public. The documentation build is still configurable, but in a different, less automatic
method than what is used to build the source tree. This chapter explains the rules of the documentation
build and how to configure it for use outside the VRAC lab.

The Rules

Any module with DocBook-based documentation can be added to the documentation build. As with the
source code build, there are rules that must be followed. With this smaller, less complicated build sys-
tem, there are fewer thingsto deal with.

Required Makefile Targets

Within this subsection, we present the full list of targets that must be implemented for correct operation
within the documentation build. As areference, refer to thefilej uggl er / Makefi | e. docs. This
list, containing al of two targets, is asfollows:

docs Thistarget builds the documentation. It is up to each makefile to determine how
much is built. In general, the makefiles are set up to generate HTML, PDF, and
PostScript. This output may come from DocBook XML source or from output gen-
erated by Doxygen. Other tools may be used, but these two are the favored generat-
ors at thistime.

install-docs Thisinstalls the documentation built by the 'docs' target. By default, the docu-
mentation installation uses $HOVE/ publ i ¢_ht nl / j uggl er web asthe base
prefix. Thistruly reflects the intended use of this build system. (To redirect thein-
stalled output, simply change the setting for $( webr oot ) inj uggl er/ Make-
file.docs.)

Targetssuch as'cl ean'and 'cl obber ' are needed as well, but those makefiles that include doc-
book.mk get them for free. If a documentation generating makefile is not using docbook.mk, it must
makeitsown 'cl ean'and ‘cl obber 'targets.

Installation Hierarchy

The individual documentation building makefiles are expected to behave when installing the generated
documentation. That is, they should install to a subdirectory of $( webr oot ) that reflects the appropri-
ate project. In many cases, the installation hierarchy should also reflect the version of the software
against which the documentation was written.

Each makefile is responsible for creating its own installation hierarchy and for installing any related, ex-
ternal files. The documentation build offers some automation to help with this, but its abilities are lim-
ited. At thistime, the documentation build can be directed to install the image files that come with the
DocBook style sheets and any local images that the documentation needs.

Configuration and Customization
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At thistime, most of the documentation in the Juggler Project iswritten using DocBook. Because of
that, the settings for building documents from DocBook files are centralized in the filej uggl er/

doc/ docbook. nk. Thisfile is parameterized to the extreme so that including makefiles can override
its default settings easily. Usually, makefiles that include docbook.mk direct the build to use OpenJade,
Saxon, or Xalan to process the DocBook input and PassiveTeX, FOP, or XEP to create PDF files. Fur-
ther configuration can be done that chooses different versions or installations of the DocBook style
sheets, Saxon, Xaan, FOP, etc. The following is the makefile used to generate HTML and PDF versions
of this document:

default: htm
docs: htm chunk-htm pdf

| -docs: install-html install-chunk-htm install-pdf

buil d. system

LES= $( NAVE) . xmi
| LES= $( NAVE) . ht n
LES= $( NAME) . pdf

OOL= Saxon

these in!'! Together, they nake up the installation prefix.
oot = $(HOVE) / public_htm /juggl erweb

r= docs/juggler. build. system

K= $(webroot )/ $(instdir)
L_FI LES= $(webroot)/base_style.css

). htnl: $(NAME) . xni
). pdf: $(NAME) . xm $(NAME) . fo

../ docbook. nk

Bhese are the required targets that all makefiles in the documentation build must have. Refer to the
tion called “Required Makefile Targets’ for more information on these targets.

is variable lists the base name of the source document. Since the generated documents differ

y infina extension, thisvariableis used internally as the basis for the name of the sourcefile

d the generated documents. If there are multiple source documents, multiple variables (such as
$( NAMVEL) , $( NAME2) , etc.) would be used.

isvariablelistsal the DocBook XML source files that will be used asinput to the XSLT pro-

r. Each source file should have corresponding output files, also listed in this makefile.

e source document can be rendered as HTML, and so this variable is used to list the output file.
HTML output files must be listed in this variable. The names must reflect the non-chunked
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output file names. Chunked HTML output is handled separately since the file names cannot be lis-
ted easily in this context.

imilar to $( HTML_FI LES) , thislists the PDF file(s) that can be rendered from the XML input.
is has the same semantics as $( HTM._FI LES) .

evariable $( XSLT_TOCL) isused to tell docbook. nk which XSLT processor should be

. The default tool is Xalan, but Saxon can be used instead, as shown above.

ese variables deal with the installation process. The critical variables are $( webr oot ) and
prefi x) . Thevariable $( webr oot ) will be overridden by the calling makefile (the top-

el documentation makefile) to provide an alternate base directory as necessary. Setting it here
provides a good default value to use when writing documentation and testing rendering. The
$(prefix) variableiswhat tellsdocbook. nk where the document(s) will be installed. It must
be set in order for an installation to succeed. Finally, $( | NSTALL_FI LES) provides any extra
filesthat must be installed. In this case, we want to copy over the common stylesheet used by the
rest of the VR Juggler website.

Refining the variable $( NEED_DB_| MAGES) informsdocbook. nk that the DocBook images
p needed by rendered versions of the source document(s). Symlinks will be created as part of the
dering process, and the images directory will be copied over during installation.

ese lines simply list dependencies as away to help make(1) in doing its job effectively. Here,

p $( NAME) variable again plays auseful role.

ally, the last line (and it should always be the last line) includes the docbook. mk makefile

b. All of the settings above have an effect on the way that the targets defined in docbook. nk
ave.

1C.
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Part lll. Extension

At this point they camein sight of thirty forty windmills that there are on plain, and as soon as Don
Quixote saw them he said to his squire, “Fortune is arranging matters for us better than we could have
shaped our desires ourselves, for look there, friend Sancho Panza, where thirty or more monstrous giants
present themselves, al of whom | mean to engage in battle and slay, and with whose spoils we shall be-
gin to make our fortunes; for thisis righteous warfare, and it is God's good service to sweep so evil a
breed from off the face of the earth.”

--Miguel de Cervantes, Don Quixote (English trandlation), opening of Chapter V11

In this part, we discuss the topic that seems most fearsome to the majority of Juggler team members:
build system extension. While this does not have to be a complex topic, most people shy away from it
because they do not want to spend time trying to understand any given build system. Whether anyone
will even bother to read this far into this book is debatable, and thisis only the second attempt in four
years to write this documentation. Perhaps thistime, it will be worth the effort.




Chapter 6. Extending the Global
Configuration Script

Most extensionsto conf i gur e. pl can belocalized to the Juggl er Conf i gur e. pmmodulefile.
That module contains the configuration file parsing code and two data structures (Juggl er Modul e
and Modul eDependency) for managing the data that is parsed. In conf i gur e. pl , most of the
code relates to execution of the configure scriptsin the individual modules. This includes running the
configuration scripts to configure a build tree and running them to collect, reformat, and output usage in-
formation (the output normally printed from passing - - hel p). In this chapter, we examine both files
separately and explain how to extend them.

Juggl er Confi gure. pm

Thisfile contains three Perl packages: Juggl er Confi gur e, Juggl er Modul e, and Mod-

ul eDependency. Thefirst hasasingle procedure, par seConf i gFi | e() , that parses the user-
specified configuration (j uggl er . cf g in most cases). The latter two define data structures (Perl
classes) used to manage individual modules defined in the configuration file and the dependencies of
each module. We will discuss each package in turn.

Juggl er Confi gure

As stated above, this package contains a single subroutine: par seConf i gFi | e() . This parses a user-
specified configuration file in the format described in the section called “Build Configuration File”. If
the config fileis parsed correctly, a hash named ¥MODULES is returned to the caller. This hash, indexed
by module name, provides referencesto Juggl er Modul e instances.

The parsing code is fairly straightforward. There are only three keywords in the configuration file
format: module, depend, and Default. The basic concepts used in the format are similar to those for the
C grammar. In other words, curly braces denote blocks, semi-colons dencte the end of a declaration, and
all code is case-sensitive. The following provides the grammar for the configuration file;

DOCUNVENT = COVWMENT DEFAULT MODULE

DEFAULT = 'Default:' NAME | #

MODULE = NAME '{' COVMENT DEPENDENCY '}' COMMENT MODULE | #
NANVE = ([A-Za-2z0-9_ ][ A-Za-z0-9_]1* + #)[A-Za-z0-9_]
DEPENDENCY ::= DIR ';' DEPENDENCY | MODDEP ';' DEPENDENCY | #
DR ::= <valid-path> | <valid-path> ':'" ENWAR

ENVWAR = NAME '=' <text> | NAME '=" <text>"',' ENVWAR
MODDEP = 'depend' NAME

COMVENT = "# <text> | '//' <text> | '/[*' <text>'*/' | #

The structure of this grammar should be reflected in the parsing code. Differences between strict regular
expressions (used above, more or less) and Perl regular expressions may muddy the correlation.

Juggl er Modul e

The Juggl er Modul e package defines a class containing two “data members’: nane and deps.
These are actually keys of the blessed hash returned by the new( ) subroutine. The nane member is
just a string that contains the unigque name of the module. The deps member is more interesting. In-
deed, the main purpose of the Juggl er Modul e package isto maintain the list of dependencies.

Thedeps member is areferenceto an array of Modul eDependency objects (see the section called
“Modul eDependency”). An array is used to preserve the ordering read from the configuration file.
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All dependencies given in the configuration file appear in the array. This includes those “inherited” from
another module through the use of the depend keyword.

Duplication of dependenciesis avoided by performing a check whenever a new dependency is added us-
ing addDependency() . ThehasDependency() method encapsulates the process of making the
check. The dependencies of two modules can be merged using the addDependenci es() method.

Modul eDependency

The Modul eDependency package defines a class containing two “ data members’: pat h and env.
Thefirst isasimple string, and the second is areference to a hash where the keys are environment vari-
able names. The values for these are extracted from the DI Rrule in the above grammar. More specific-
ally, the terminal <valid-path>in DI R rule corresponds to the path member, and the ENVVAR rule
defines the hash of environment variable mappings.

Accessto agiven Juggl er Modul e object's dependencies happens entirely through the API of that
class. Thisclassis provided as a convenient abstraction around the information provided through each
Dl R parser rule expansion.

coni f gure. pl

This script pulls everything together. After calling Juggl er Confi gur e: : parseConfi gFil e(),
the returned hash (see the section called “Juggl er Conf i gur e") isused to perform all the relevant
operations including, but not limited to, invoking each Autoconf-based configure script in the correct or-
der. Asawhole, the work done by configure.pl isfairly straightforward, regardliess of the arguments
passed on the command line. In this section, we will examine the four main aspects of this script's func-
tionality:

1. Command-line argument handling
2. Help output

3. Build configuration

4. File regeneration

We will present each in turn with the goal that understanding these pieces of functionality, extensionsto
configure.pl will be easier to perform. Of these points, #3 will require the most discussion since that is
the main reason for configure.pl's existence.

Command-Line Argument Handling

The handling of command-line arguments in configur e.pl is rather unique. To function correctly asa
wrapper around multiple Autoconf-based build systems, this script must be capable of passing the cor-
rect argumentsto the individual configure scripts. In other words, when the user executes the following:

configure.pl --nbdul e=VPR --enabl e- subsyst enFNSPR - - wi t h- nspr =$HOVE/ nspr - 4. 2

the argument - - nodul e must be handled by configure.pl while the other two are passed through to
VPR's configure script. Luckily, the Perl module Get opt : : Long provides a mechanism for doing just
that. The module is configured to allow unrecognized arguments to be passed through so that, after the
execution of Get Opt i ons( ), GARGV will contain what Get Opt i ons() did not handle. When the
time comes to execute a module's configure script, GARGV is passed to the script as normal arguments.
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Thisusage of Get opt : : Long is not without a drawback or two. Allowing the pass through of unre-
cognized arguments means that Get Opt i ons() isnot performing robust error checking on user input.
What if - - rodul e were spelled as- - ndoul e accidentally? Get Opt i ons() would not recognize it,
and the execution of configure.pl would not proceed the way the user had intended. Because of this, itis
important for users to be especialy careful with the options they give when running configure.pl.

Help Output

Two types of output can be printed by configure.pl: usage for configure.pl and usage for al the known
configure scripts. The first is done quite simply. The Pod: : Usage module is used to render the intern-
al POD as usage outputl. This output is printed when the user passes - - hel p on the command line.

Usage information for the known configure scripts can be printed using the - - al | - hel p argument.
Thisis provided so that users have away to get a complete listing of al the command-line arguments
that may be passed when running configure.pl. (The exact details of how this works were described in
the previous subsection.) Only the relevant output is actually printed when this argument is passed. The
meaning of “relevant” istied to the module the user is configuring. For example, with an unmodified

j uggl er. cf g, the default moduleis“VRJuggler” (sic). If the - - modul e option is not specified in
conjunction with - - al | - hel p, then the usage information for the VR Juggler configure script and the
use information for the configure scripts of al of its dependencies are printed. If adifferent moduleis
specified, the output will change based on the alternate module and its dependencies.

To print thisinformation, each configure script is run by configure.pl with the - - hel p command-line
option. The output is collected and processed so that the arguments are printed to the screen in an or-

derly fashion. Duplicated output is discarded. The process of presenting the output to the user is very
important because there exists the potential for alarge amount of information.

Build Configuration

Configuring abuild tree involves several steps, and they are asfollows:

1. Load default configure script arguments (if any exist)
2. Generate the reconfig helper script
3. Run the appropriate configure scripts in the right order

4. Generate the top-level makefile that invokes targetsin each module's glue makefile

Each of these steps will be discussed in turn in the following sub-subsections.

Load Default Arguments

To simplify the execution of configure.pl, users may write a default arguments file or a Perl plug-in that
provides default arguments. In either case, the ideais that arguments for Autoconf-generated configure
scripts can be collected into reusable platform- and site-specified pieces so that they do not have to be
passed every time configure.pl isrun. The preferred method for specifying default argumentsiis the Perl
plug-in, but for users who do not know Perl, asimple configuration file can be used instead. Here, we
will only describe the process of loading these files, not how to use them.

To load the Perl plug-in, the arguments file is treated as |oadable Perl code. (Indeed, the requirements of

1Use of this very handy Perl module has actually been a source of problems. In particular, IRIX 6.5 shipswith aversion of Perl
that does not contain this module. For that reason, Perl 5.005 or newer is required to run configure.pl and some other Perl scripts
used by the build system.
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using the Perl plug-in state that it must be valid Perl code with a subroutine that can be called by another
package.) Once the plug-in isloaded into memory, its subroutine is executed. The subroutine must re-
turn an array of command-line arguments that can be merged with @GARGV. It is the responsibility of the
plug-in to inform configure.pl of its executable subroutine by assigning a subroutine referenceto a
global variable in configure.pl's scope. In configure.pl, this whole process involves roughly four lines
of code, thus making it very attractive from the standpoint of maintaining configure.pl.

L oading the simple configuration file requires more effort because the file format must be parsed. In
configure.pl, the parsing code for thisfile format isfound in| oadDef aul t Args() . To summarize
the file format, platform-specific blocks are defined, and within a block, each line gives a configure
script argument. The platform-specific blocks are named according to platform, though they can be
named with user-defined identifiers when used in conjunction with the - - os command-line option.
Parsing the file simply means reading the right block(s) and adding each line to GARGV.

Generate reconfig

Generating the reconfig helper script is quite simple. The arguments passed on the command line are
simply saved to ther econf i g file. In addition, commands to remove any Autoconf cache files (named
confi g. cache) are added. Finaly, the reconfig file is made executable.

Run the Configure Scripts

This step is where configur e.pl works the hardest. Ultimately, what must happen is that a given mod-
ule's configure script is executed, and if it exits without failing, the execution environment of config-
ure.pl is extended to reflect new information. This new information comes from the environment vari-
able settingsin the original configuration file. The details of how this works are a little bit more com-
plicated, however.

Therea goal of configure.pl isto run the configure script of the module the user wants to configure and
build. Along the way, it may have to run configure scripts for one or more dependencies. Dependency
information has already been covered in great detail, and we will not repeat it here. To ensure that the
dependencies are configured in the correct order, the array of dependencies within the Juggl er Mod-

ul e object is requested. Each dependency's configure script is run, and the execution environment is ex-
tended accordingly. The last dependency of amoduleis the actual module the user wants to configure
and build. Once its configure script compl etes successfully, the top-level makefile can at last be gener-
ated.

The environment variables that are set reflect the delicate balance between configure.pl, configure.pl's
configuration file, the* - conf i g scripts, and the* . n¥ files (see the section called “The* - confi g
Scripts and the * . n4 Macro Files’). Based on the rules set forth by the * - conf i g scripts and the

* . mi files, the execution environment must be set up so that each subsequent configure script can get
information about any dependenciesit has.

Generate the Top-Level Makefile

Generating the top-level makefileisrelatively easy (it is mostly search-and-replace operations), but in-
terestingly, thisis one of the places where configure.pl falls short of acting like an Autoconf-based con-
figure script. A template makefile (j uggl er/ Makefi | e. i n) isawaysthe only file generated by
configure.pl (aside from the reconfig script). Thereis no way to specify other files. Even if there were,
configure.pl does not have easy access to the results of all the tests performed by the various configure
scripts.

Asaresult of these limitations, there are only afew strings that can be expanded in the generated make-
file. At thistime, only two variables can be expanded: @ UGGELER PRQIECTS@and @ opdi r @ The
expansion of the first depends on the configured modul e and its dependencies; the expansion of the
second is simply the directory where configure.pl was run.
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File Regeneration

When an Autoconf-generated configure script is run successfully, a shell script called config.statusis
created. This script contains all the state information generated as aresult of running configure. If there
isaneed to regenerate the files created by configur e, config.status can do the job quickly becauseit re-
uses the static information from when it was created without re-running all the tests. Thereis no global
config.status created by configure.pl, but an alternate method is provided through the - - r egen argu-
ment.

When - - r egen is passed on the command line, configure.pl iteratively executes the individual con-
fig.status scripts instead of the configure scripts. This alows users to regenerate files more quickly than
by running all the configure scripts again. Deciding which config.status scripts to run is a somewhat dif-
ficult process, however.

In anormal situation when only one config.status exists, it is easy for a user to decide when (and how)
to runit. In the context of the VR Juggler build system, there are many configure scripts, each having its
own config.status script. Furthermore, some config.status scripts may not exist based on which module
(inj uggl er. cf g) was configured. Aswith al other cases where configur e.pl must decide what to
execute, the requested modul e dictates the execution behavior. Thus, if the user did not configure the de-
fault module, the - - rodul e argument must be passed with - - r egen to ensure proper execution of
the various config.status scripts.
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Chapter 7. Extending a Module's
Configure Script

To extend a modul€e's configure script, an understanding of Autoconf is required. Without this back-
ground, it is very difficult to make good changes. Furthermore, trying to write a decent configure script
from scratch is nearly impossible without first having read the basic rules of configure script structure.
We will not cover those in detail since the Autoconf documentation already addresses these topics.

We will, however, explain the basic structure of (nearly) al the configure scriptsin the Juggler Project.
An understanding of this very simple structure makes editing the conf i gur e. i n files much easier.
We will also explain alittle bit of sh(1) syntax and the coding conventionsused inconfi gure. i n
files.

Because there are so many conf i gur e. i n files, consistency among all of them is very important. It
only takes one script that does not follow the rules to complicate maintenance of the entire build.

Basic Concepts

In this section, we present the basic concepts of conf i gur e. i n filesin the Juggler Project. It may be
interesting to note that some of the content in this section was written in mid-1998 and has been copied
verbatim. Whether thisis an indication of robustness or stagnation is debatable.

Comments

Two types of comments can beused inconf i gur e. i n. Thefirst isthe relatively standard “#” com-
ment. Lines beginning with this character are copied into the final configure script generated by auto-
conf(1). The other type isthe m4(1) comment. Lines commented in this way begin with dnl and are not
copied into the configure script.

Language
The scripting language used in conf i gur e. i n issh(1). All conditional statements must use the form:
if test "x$sone_var" = "xsone_val" ; then
fi
rather than:

if [ "x$sonme_var" = "xsone_val" ] ; then

fi

The brackets are recognized as specia characters by m4(1) and may not be copied into conf i gur e
properly.

When performing tests, it is recommended that some extra character be used to avoid passing any empty
strings to the test(1) command. Some implementations do not deal well with empty strings when per-
forming comparisons. In the above code examples, the character 'x' was used at the beginning of the two
strings. While thereis till old code in various configure scripts that do not use this convention, it isre-
commended that all new code follow this rule. Furthermore, when editing legacy code that does not pro-
tect the string operands, it is recommended that the strings be updated accordingly.
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Variable Naming

When naming variablesin conf i gur e. i n, be sureto follow the following conventions:

» Namesfor variables that will be set externally (primarily by command-line options such as -
- enabl e- debug) and not substituted into generated files at the end of execution are named in all
lower-case |etters. All other variables are named in all upper-case letters.

» Variablesthat are not substituted into generated files at the end of the configure script's execution be-
gin with an underscore to imply that they are internal to the script. When referring to these variables,
enclose the namein curly bracesto clarify it fully. For example:

_sonme_i nternal var='Sone val ue'

[...]
if test [ "x${_some_internal _var}" = "xSome val ue" ; then

fi

» Variables used to preserve an existing variable's value in case it should need to be reset are named and
used as follows:

_vj save_VARI ABLE="$VARI ABLE"
[...]

if test <O d value needs to be restored> ; then
$VARI ABLE="${ vjsave VARI ABLE}"
fi

Parameters to Macros

Parameters spanning multiple lines may be passed to Autoconf macros without using backslashes
through a special block recognized by m4(1). Simply enclose the parameter in []'sand it will be parsed
as one parameter. Some macros require the use of backslashes, however. In these cases, the argument is
taken as aliteral list used by sh(1) code. One such macro is AC_CHECK HEADERS() .

Beyond multi-line arguments, the Autoconf documentation recommends that all parameters passed to
macros be enclosed in square brackets. Thisisto protect the arguments so that m4(1) does not mangle
anything in its expansion of the macros. Consider the following examples:

AC_CONFI G_HEADER( [ vpr/ vpr Defi nes. h])
DPP_PREREQ([ 1. 4. 107])

DPP_PERL VER([5.004], , , [AC M5G ERROR([*** Perl is required ***])])
AC CHECK _PROG([ MTREE_CMD], [ntree], [ntree], [\S(PERL) \$(scriptdir)/nmree.pl])
DPP_HAVE GNU MAKE([ 3. 78], ,

“[AC_MSG ERROR([*** The build systemrequires GNU make 3.78 or newer ***])])
DPP_BASI C_PROGS( [ $PLATFORM , [ $0S_TYPE])

While this does make the code harder to read, it saves alot of headache, especially between two differ-
ent versions of Autoconf. Unfortunately, not all macro calls are as well-protected as those in the above
example. (Doozer++ has complete argument protection, so errors are usually caused by misusesin Jug-
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gler confi gur e. i nfiles) It isrecommended that all new code use square brackets. When editing ex-
iting code, add brackets when necessary.

Custom Preprocessor Information

Anything that defines preprocessor macros other than those generated by the Autoconf macros must be
defined in the modulesacconf i g. h. If they are not defined in thisfile, autoheader (1) will complain
asit parses configure.in and finds these customizations. Follow the existing syntax and layout of ac-
conf i g. h when making additionsto it. In general, additions only have to be made when a new
AC_DEFI NE() ,AC_CHECK TYPE(), etc. lineisaddedtoconfi gure.in.

Note

Autoconf versions since 2.50 discourage the use of acconf i g. h and autoheader (1). As of
this writing, Autoconf 2.13 is till the most commonly available version, and as such, we can-
not update to Autoconf 2.5x conventions. All Juggler Project configure scripts (and Doozer++)
work with both versions.

Structure of aconfi gure.in File

We now move on to the basic structure of aconf i gur e. i n file. Asmentioned earlier, al configure
scripts in the Juggler Project, save one, follow this basic structure. Each section is normally commented
to distinguish its tasks from preceding and following sections.

Initialization

Thefirst short block of conf i gur e. i n performs some very basic initialization tasks. The RCS revi-
sion number of the script is maintained here so that the user can verify that s’he has the most recent ver-
sion of the actual configure script. A check for onefile in the source treeis also made to perform avery
general, inexact verification that things are where they are supposed to be. For example, VR Juggler's
configure script will do its sanity check based on the existence of vr j / vrj Confi g. h. Next, the head-
er file created when done with the configuration process is named. In VR Juggler, thisfileis called
vrj/vrjDefines. h.Finally, Doozer++ initialization occurs using the DPP_I NI T() macro.

Custom Arguments

In this block, the custom arguments for the configure script are defined. The first set defines the -

-wi t h- package[ =ar g] and--w t hout - package arguments. These are intended to be used for
choosing some external software package to use at compile time. They are also used for providing a
small level of customization to how the external software isfound and/or used.

The second set definesthe - - enabl e- f eat ur e[ =ar g] and - - di sabl e-f eat ur e arguments
that allow the user to choose which optional features can be built. From the Autoconf 2.12 documenta-
tion, “These options should never make a feature behave differently or cause one feature to replace an-
other.”

For both sets of options, the AC_ARG W TH() and AC_ARG _ENABLE() macros behave the same
way. The first argument is the package/feature. The second argument is the description printed when the
user runs configure with the - - hel p option. The third argument sets a user-defined variable in the
script to the contents of $wi t hval or $enabl eval respectively. If no argument is given (e.g., the
user specified - - enabl e- opengl ), the variable will get either “yes’ or “no” asits value depending
upon whether the user used the positive or negative form of the argument.

After the custom arguments are defined, some of the values that may be read are processed. In particu-
lar, the application binary interface (ABI) under which the module will be compiled is defined. Thisis
done prior to the system-dependent section to reduce duplicated code even though the ABI is highly de-
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pendent upon the operating system and underlying computer architecture.

System-Dependent Setup

Here, acommon set of script variables are given values that are usually dependent upon the system on
which the script is being run. Except in VPR's configure script, thereis little system-dependent code.
Most of it is hidden by the Doozer++ DPP_SYSTEM SETUP() macro. In the case of VPR'sconf i g-
ur e. i n, however, alarge conditional block comparesthe valuein $t ar get _os (obtained from the
AC_CANONI CAL_TARGET() macro) with known systems and sets values for the variables appropri-
ately.

Some existing variables may be modified here as well. These often include $CFLAGS, $CXXFLAGS
and $| NCLUDES. Each of these could have been set as part of the user's environment variables or previ-
ously in the script as part of executing a macro. Thus, they should be treated carefully so as not to des-
troy any existing values that may be stored in them.

Besides setting values in variables, custom pre-processor macros are often defined here using the
AC_DEFI NE() macro. This macro takes two parameters:

1. The name of the macro to define.

2. The value to which the macro will be set by the pre-processor.

To get something similar to:

#define VJ_DEF

use the following syntax:

AC_DEFI NE([ VJ_DEV] , )

Defining macros that take parameters cannot be done with AC_DEFI NE( ) . However, based on a check
made for something (such as sgi nap(2)), such amacro can be defined at the bottom of acconfi g. h
or inthe module's Conf i g. h (vpr Confi g. h,t weekConfi g. h, etc.) header after it includes the
generated header.

External Program Checks

Thisblock isfor standard program checks that configure does to ensure that software needed for compil-
ing the package works. Using the values in several preset variables (including $CC for the C compiler
and $CXX for the C++ compiler), it runs tests on the software and reports any problemsit finds.

External Library Checks

Checksfor required external libraries are made here. In a configure script, agreat deal of processing is
often done in order to ensure that the source can be properly compiled and linked using certain external
libraries. The basic process of checking for alibrary (say, the OpenGL library) involvesfirst checking to
seeif thelibrary can belinked. If the library can be linked, a check is then made for a standard header
file associated with the library (in this case, GL/ gl . h). In some cases, if alibrary cannot be found, a
fallback check is provided. For example, in the case of the POSIX threads library, an attempt to link
against | i bpt hr ead ismade. If that fails (asit will on HP-UX 10.20), a check is made to link against
i bcrma.
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Upon successfully finding a library and a needed header file, several variables are usualy set that are
used later in the makefile generation phase. If alibrary isnot found, the script may simply issue awarn-
ing about the problem or it may exit altogether if the library's existence is crucial to the compiling pro-
cess.

Adding new library checks can be complicated. The best method isto refer to the Autoconf documenta:
tion [http://www.gnu.org/manual/autoconf/index.html] and the existing checks. All follow basically the
same structure.

Header File Checks

Checks for standard header files and user-specified header files are made here. The user-specified list is
a space-separated list of header files that may not exist on all systems. If a header fileis found,
HAVE_FILENAME_H isdefined in the modul€e's definition header (vpr Def i nes. h, t week-

Def i nes. h, etc.) when it is generated.

Library Function Checks

Here, checks are made for any library and system functions (e.g., get t i meof day(3), get host by-
nane(2), usl eep(2)) that may not exist on all systems. Aswith other sections, the user-specified list
of functionsto check is the space-separated parameter passed to the AC_CHECK _FUNCS() macro. If
found, HAVE_FUNCNAME will be defined in the generated definition header.

Makefile Substitution

Within this block of configure.in, special symbolsinthe Makefi | e. i n templatefilesare slated for re-
placement with variable values. Thisis done through the AC_SUBST( ) macro, and it simply replaces a
taginaMakef i | e. i n with the value stored in the corresponding configure script variable. The fol-
lowing exampleillustrates what happens during the file generation phase (discussed next). Say that
some Makef i | e. i n containsthe following line:

CUSTOM VAR = @USTOM VAR@

The string enclosed by @s is the tag that will be replaced when Makef i | e isgenerated. Inconfi g-
ur e. i n, therefollowing line must be present:

AC_SUBST( CUSTOM VAR)

Note that the variable is not prepended by a*$' because variable interpolation should not be done here.
Of course, $CUSTOM VAR will generally have had some value set prior to this point. That is not re-
quired, however.

It isin this phase of configuration that most of the system-dependent build work is done. Thisis similar
to what Imake template files do. Virtually everything preceding this point set variables to have values
appropriate to the host machine, and now they are put into the makefiles to be used for compiling the
code. There are several pre-defined variables that configur e will substitute in the input template files.
Refer to the section titled “Preset Output Variables’ in the Autoconf 2.13 documentation for alist of
these.

File Generation

In thislast block, file generation is performed using the AC_OUTPUT() macro. It iterates through its
space-separated list of files and finds the associated . i n template file. In general, this step is only used
for generating makefiles (the module's definition header is added automatically due to the
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AC_CONFI G_HEADER() call at thetop of confi gur e. i n). When anew directory and correspond-
ing Makef i | e. i n are added to the source tree, an entry for it must be added to thislist.

Specific Modules

Tweek

Tweek isan interesting case because it contains two distinct yet interoperable components: a C++ API
and aJava API. It is possible to use one without the other, and it is even possible to configure Tweek so
that neither is compiled. Of course, the latter isarather odd case that usually only occurs when
something went wrong during the execution of the configure script. Furthermore, Tweek can be com-
piled against any Javaor C++ CORBA 2.3 (or newer) implementation. Thisis the result of using high-
level CORBA standards and interfaces that allow ORBs swapped and alow ORBs from different
vendors to communicate with each other.
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Chapter 8. Extending a Module's
Makefiles

In this chapter, we explain how to extend a given module's makefiles. In most cases, all the modulesin
the Juggler Project use the same basic structure for their makefiles. Those that do not follow the existing
conventions should be updated to ease maintenance issues. This chapter begins with a discussion of the
basic ideas used in writing makefiles for a Juggler module. We then move on to the top-level glue make-
file. Next, we discuss the individual component makefiles that typically perform the actual compiling
steps. This chapter concludes with an examination of some specific modules to understand how different
special cases are handled.

Makefile Conventions

Due to the size of the Juggler Project code base, following conventionsin all makefilesis very import-
ant. The uniformity makesit easier for anyone to maintain the various module build systems. If agiven
modul e does not follow the conventions, someone who does not have direct knowledge of that makefile
may find it hard to fix problems that may occur. Furthermore, extensions to a given module's build sys-
tem are more difficult if the same basic ideas cannot be shared across all modules. The following sub-
sections cover most of the conventions currently in use.

File Names

Due to Autoconf rules, all filesthat are to be generated by a configure script must have the suffix . i n.
Because of that, thisis not so much a convention asiit is arequirement. However, there are other files
used in the build system, and their names are important.

Makefile stubs that make variable assignments have the string “ defs’ somewhere in their name. In gen-
eral, such makefile stubs do not define any targets, though this may not always be the case. Examples
arenake. def s. nk, common. def s. nk (aDoozer++ file), andt est . def s. nk.

In some cases, one makefile may include targets from another. The idea here isthat the high-level tasks
aredefined in Makefi | e. i n, and al the grunt work is done in the included file(s). Providing this sep-
aration can help casual viewers to understand the high-level tasks without worrying about all the behind-
the-scenes details. The included files have the string “inc” in their name. The most common example
seen in modulesisMakefi | e. i nc. i n, though there could be filessuch asMakefi | e. i ncO.in,
Makefile.incl.in,andsoon. Theuseof humbering alows multiple files to be used for separating
the tasks.

It isimportant to note that all of the makefiles named in the above examples begin with a capital |etter.
Whileit is often useful to include multiple makefilesin asingle directory (of the Autoconf . i n template
variety and otherwise), there must never be a situation where a directory could contain the files Make-
fileandnmakefil e. Win32 file systems cannot distinguish between the two, and only bad things can
occur as aresult.

Variable Assignments

Recently, there has been a shift in the style used to perform variable assignments. The new style is based
on the formatting used in all FreeBSD system and ports makefiles. This style was adopted to make
formatting makefiles easier and cleaner. It is shown below:

VAR= val ue
OPT_VAR?= defaul t-setting
LI ST VAR= itentl \
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iten? \
itenB

LI ST_VAR+= it entt

The key is the whitespace around the assignment operators. On the left-hand side, there is no
whitespace; on the right-hand side, there are one or more tabs. When using multiple lines, tabs are used
for indentation. Spaces are never used. Because tabs must be used in makefile targets, it is convenient
(with most editors) to use tabs for all formatting characters.

This convention isrelatively new, and its adoption is not yet complete. Files that have not been updated
should be reformatted when they are encountered.

Variable References

Most implementations of make(1) allow the use of two variable reference styles. These are shown be-
low:

VAR= val ue

target:
echo ${ VAR}
echo $(VAR)

Inthefirst line of the target called 't ar get ', curly braces are used. Thisis the same syntax used to cla-
rify variable interpolations in most shell scripting languages. The second line uses parentheses.

In the Juggler Project, we prefer the use of parentheses over curly braces for the following reasons:

1. It distinguishes make variable references from shell variable references. Since shell scripting can be
used to alimited degree in makefiles, this can be important.

2. Some implementations of make(1) only support this style. While the majority of the build system is
based on GNU make, some makefiles are designed to work with any implementation. Having some
makefiles that use one style and others that make use of a different style can be confusing. By choos-
ing the style that is supported by all implementations, we can never go wrong.

3. Thelook of the parentheses is cleaner than the curly braces. This, of course, is purely aesthetic, so it
does not make the best case during style discussions (read, “arguments”).

The Glue Makefile

Each module in the Juggler Prolect has a glue makefile inits top-level directory that directs compilation
of the module's main code base™. Every modul€'s top-level makefile employs recursive callsto GNU
make to build its code. The recursion occurs based on the source code directory structure. An iterative
loop over each subdirectory is used make the recursive call to GNU make. Behind the scenes, al of this
occurs within Doozer++ makefile stubs, but it is directed by variable settings in the glue makefile.

In this section, we will discuss how the glue makefiles work so that they may be extended correctly. We
begin by explaining the basic structure employed by most of the glue makefiles found in the Juggler
Project source tree. Learning how to extend those makefiles follows from that.

Isource code used for testi ng purposes of for sample applications is handled independently of the main code base, usually by a
single makefile.
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Basic Structure

In all but one module in the Juggler Project, the basic structure of the glue makefile is the same: one
makefile that defines high-level targets, and one included makefile that does all the work. In this subsec-
tion, we explain the way these two files work to make up the glue that holds a modul€'s build system to-
gether. We begin with the simpler of thetwo: Makefi | e. i n.

Makefile.in

All modules have to have aMakef i | e. i nintheir top-level source directory. The real makefileis gen-
erated as part of executing the configure script. In most cases, the contents of thisfile is roughly the
same. Thefileis divided into sections, and we will examine each section in turn.

Define Default Target

As with most makefiles, the first thing done is the definition of a default target, and the glue makefileis
no exception. In most cases, the default target is one that is useful to developers. In Doozer++ terms,
that target is'debug’.

Definition of a default target unfortunately has special significance if dpp. subdi r. nk isused. In or-
der for arecursive build to execute based on its definition in Doozer++, thefiledpp. subdi r. nk must
have the special target called 'def aul t '. Because it is not possible with GNU maketo test if atarget
has already been defined, a workaround must be used. Namely, the variable $( DEFAULT _SET) must
be defined if a makefile that includesdpp. subdi r . nk definesitsown 'def aul t ' target. Thus, most
top-level Makefi | e. i n files have the following as the first three lines:

defaul t: debug
DEFAULT_SET= 1

It is possible that some refactoring of dpp. subdi r. nk might eliminate the need for this. As of this
writing, it is not considered a critical change.

Include Project-Wide Variable Settings

Since VR Juggler 1.0, the build system has collected project-wide variable settings into asingle file so
that it may be included by all makefiles in the module's core build system. In VR Juggler 2.0, the
(Autoconf-generated) fileis called make. def s. k2. It is always included using the following line:

i ncl ude @ opdir @ make. defs. mk

Set Local Variables

Once nake. def s. nk has been included, local variable settings are performed. These can provide fur-
ther customizations on variables set in nake. def s. nk, but usualy, the variables are used only within
the scope of the glue makefile. That is, the variables are needed exclusively for directing the process of
building the module source code.

For example, adecision to build a certain subset of the code base may be made at this level. Alternat-
ively, adecision about how to build the code may be made. In most cases, such a decision is whether to
build profiled versions of the library (or libraries).

The most important local variable setting is that of the list of subdirectoriesin the module. Thislist is
provided through the $( SUBDI R) variable. Due to the structure of the various modules in the Juggler

2A better name for this file mi ght be pr oj . def s. nk sinceitsjob isto provide project-specific customizationsin addition to the
common settings provided through the Doozer++ file common. def s. k.
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Project, there would be nothing to do without providing Doozer++ with the list of subdirectories. The
way $( SUBDI R) isassigned its value may vary depending on the specific structure of a given module.

Define High-Level Targets

The main purpose of aproject's Makef i | e. i nisthe definition of high-level build targets. These are
the targets that users and developers will run to compile the module. Such targetsinclude 'wor | d', 'r e-
| ease’,'debug’, and'cl obber'. Thefirst two must be defined manually; the third and fourth are in-
herited through the use of Doozer++.

The high-level targets make use of low-level targets that exist in Doozer++ and, usually, in Make-
file.inc.in.Theideaisthat acasual (or experienced) user can look at Makefi | e. i n aoneand
understand how to perform common builds of a given module. Makef i | e. i nc. i n, withall itsugly
details, is hidden—more or less.

Include External Makefiles

Finally, the top-level makefile must include the external that usually have all the hard bits. In most
cases, this means having the following two lines asthe last of Makefi |l e. i n:

i ncl ude $( MKPATH)/ dpp. subdi r. nk
i ncl ude Makefile.inc

Makefile.inc.in

In the context of the glue makefile, this particular file is often quite complex. If thereis any one placein
amodul€e's build system that is hard to understand, it is within this file. However, the whole purpose of
having thisfileisto collect all the complex build details into one place that is “out of the way” in some
sense.

Due to the complexity and the wide variation in requirements between modules, we cannot examine a
specific Makef i | e. i nc. i nand till provide agenera explanation. Thus, we will review only the
commonalities. When possible, we will cover important aspects that may not necessarily be used by all
glue makefiles. Before we do that, we will begin our discussion with an review of the concepts behind
Makefile.inc.inandwhy itisimportant.

Basic Concepts

As has been stated previously, the fundamental idea behind the top-level Makefil e.inc.inisto
hide complexity. More explicitly, this file should contain targets that the user will not execute in most
circumstances. By putting such targetsin thisfile, a casual reader need not ever see the complexity of
the glue makefile. He or she should only have to open Makefi | e. i n (or the generated Makef i | e) to
get an understanding of how the build works. Of course, some details are encapsul ated within Doozer++
makefile stubs, so getting a complete understanding is not necessarily a straightforward process. The ex-
tensive comments at the top of and throughout Makef i | e. i n (and documents such asthis) are thereto
fill in the gaps.

Whileit isvery difficult to separate all targets cleanly based on common usage, there are some targets
that definitely fit into this file well. Such targets are only called by Doozer++ through a mechanism sim-
ilar to a C callback. Users of the build system should rarely, if ever, need to execute such targets, espe-
cialy because Doozer++ may set up aspecia execution environment for the targets. Callback targets
may include the following:

» Thetargets used to compile the final binaries for the modul€e's libraries, including static, dynamic, and
profiled versions.

e Any targetsused as “pre” and “post” steps of larger targets. Larger targets would include those used
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for building and installing a module.

Library Name Construction

The responsibility for putting all the pieces together for the final library names rests on thisfile. Based
on variable definitionsin make. def s. nk (see below), the final library names must be defined so that
Doozer++ knows what to build. The configure script provides the platform-specific details such asfile
extensions so that the code in Makef i | e. i nc isrelatively simple. For example, assuming the exist-
ence of avariable $( MY_LI BRARY) , the following provides al the information needed to direct the
compilation of profiled and non-profiled libraries, of both the static and the dynamic variety:

STATI CLI B_EXT= @5TATI CLI B_EXT@
DYNAM CLI B_EXT= @YNAM CLI B_EXT@

LI BS= $( MY_LI BRARY)
STATI C LI BS= $(LI BS)
DYNAM C_LI BS= $(LI BS)

Using the above variables (and more settings from make. def s. nk), we can construct the names of
various library versions. These names are then used internally for the targets that build the actual librar-
ies. The name construction is performed as follows:

MY_LI B_STATI C= $( MY_LI BRARY) . $( STATI CLI B_EXT)

MY_LI B_DYNAM C= $( MY_LI BRARY) . $( DYNAM CLT B_EXT)

MY_PROF_LI B_STATI C= $( MY_LI BRARY) $( PROFLI B_EXT) . $( STATI CLI B_EXT)
MY_PROF_LI B_DYNAM C= $( MY_LI BRARY) $( PROFLI B_EXT) . $( DYNAM CLTB_EXT)

Note

The above hinges on the fact that $( PROFLI B_EXT) isnon-empty. Otherwise, the targets we
will examine in the next section would not be named correctly. If profiled libraries are not sup-
ported by the rest of the module's build system, do not use the profiled variants shown above.

Library Build Targets

Once we know the names of the libraries we will build, we can define the targets that actually build
them. In nearly every case, these targets are very close to being identical between modules. Only rarely
are there modul e-specific variations. The following shows targets for building static profiled and non-
profiled versions of $( MY_LI BRARY) :

$(LI BDIR)/ $(MY_LI B_STATIC) $(LIBDIR)/$(MY_PROF_LIB STATIC): $(OBIDIR)/*.$(OBJ

@(SHELL) $( MKI NSTALLDI RS) $(LIBDIR)

$(AR) $(AR_NAME_FLAG) $@ $( OBIDI R)/ *. $( OBJEXT)

$(RANLI B) $@

cd $(LIBDI R BASE) & $(RMLN) $(notdir $@ && $(LN.S) $@./

is defines the targets for the profiled and non-profiled static libraries. Both depend on all the ob-
tfilesin $( OBJDI R) .

is ensures that the directory where the library binary will be build exists. The variable

MKI NSTALLDI RS) issetvianake. def s. nk.

ese lines together build the static library. The use of $( RANLI B) isoptional asit may not be
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supported or necessary with all compilers. The configure script makes this decision and sets

$( RANLI B) accordingly.

is makes a symlink to the newly compiled static library in $( LI BDI R_BASE) . Based on vari-
e assignments and build targets, the directory named by $( LI BDI R) is aways a subdirectory
$( LI BDI R_BASE) . It varies based on library type (optimized, profiled, or debugging) and
other platform-specific settings.

Note

Most modulesin the Juggler Project define their static library target slightly differently than the
above. As of thiswriting, static libraries are not built on Win32 platforms because there is no
easy way for the build system to distinguish between a. LI Bfile associated witha. DLL file
and astatic. LI Bfile. To deal with this, these projects use the following variation on the
above:

$(LIBDIR)/$(My_LIB STATIC) $(LIBDIR)/$(MY_PROF_LIB STATIC): $(OBIDI R)/*. $( OBIEX
ifneq (@S _TYPE@ W n32)

@B( SHELL) $(MKI NSTALLDI RS) $(LIBD R)

$(AR) $(AR _NAVE FLAG $@ $(OBJDI R)/ *. $( OBJEXT)

$(RANLI B) $@

cd $(LIBDI R BASE) && $(RM LN) $(notdir $@ && $(LN S) $@./
endi f

Next, we show similar targets used to build the dynamic versions:

DYLI B_DEPS= @YLI| B_DEPS@

PROF_DEPS= @VYLI| B_PROF_DEPS@
| R)/ $(MY_LI B_DYNAM C): $(OBJDI R)/ *. $( OBJEXT)

@(SHELL) $(MKI NSTALLDIRS) $(LIBDIR)
$(LD) $(LDOPTS) $(DYLIB_NAME FLAG $(OBIJDIR)/*. $(OBIEXT) $(DYLI B_DEPS)
irst, we define variables to hold any dependencies the dynamic libraries have. Thefirst isfor the
-profiled dynamic library, and the second is for the profiled dynamic library.
isline uses the link command (defined by the configure script) to create the dynamic library.
tethat $( DYLI B_DEPS) isat the end of the line so that dependencies are resolved correctly.

ese lines deal with making copies of or symlinks to the dynamic library binary in
L1 BDI R_BASE) . Thisissimilar to the operation performed for the static library, shown above.

@s TYPE@ W n32)
cd $(LIBDIR BASE) && cp $(LIBDIR)/* .

cd $(LIBDIR BASE) && $(RMLN) $(notdir $@ && $(LN.S) $@./

DI R)/ $( MY_PROF_LI B_DYNAM C): $(OBJDI R)/ *. $( OBJEXT)
@(SHELL) $(MKI NSTALLDI RS) $(LIBDIR)
$( LD) $( LDCPTS) $(DYLI B_NAVE_FLAG) $(OBJDIR)/*. $( OBJEXT) $(DYLI B_PROF_DEPS

@s TYPE@ W n32)
cd $(LIBDIR BASE) && cp $(LIBDIR)/* .

cd $(LIBDI R BASE) && $(RMLN) $(notdir $@ && $(LN.S) $@./
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In this case, we handle the Win32 versus UNIX cases separately. The. LI B file generated auto-
matically with the . DLL (if the library exports symbols) must be present with the . DLL file. On
UNIX, it is sufficient to make alink only to the dynamic library.

isline again uses the linker to make the profiled dynamic library. Note that it uses

DYLI B_PROF_DEPS) to resolve dependencies.

ain, we make copies of or symlinks to the profiled dynamic library.

te

The separation of the targets for profiled and non-profiled versions reflects the lack of good
support for profiled libraries. The support for building profiled libraries in the Juggler Project
was added in late 2001, and it has not reached a level of solid maturity yet. Withtime, it is
hoped that the the above two targets can be merged into one or that there can be better informa-
tion sharing between the two.

Installation Extension Targets

Most modulesin the Juggler Project install more than just libraries and header files. Data files, sample
programs, and other useful bits may be installed as well. Even before something can beinstalled, anin-
stallation directory hierarchy usually needs to be in place. Doozer++ offers features for the basic install-
ation and for extending the installation. In this section, we explain how and why modulesin the Juggler
Project extend the basic Doozer++ installation capabilities.

First, all modules are required to ensure that the installation hierarchy they need exists before installing.
Thisis accomplished by telling Doozer++ that a'bef or ei nst al | ' target exists as follows:

BEFOREI NSTALL= bef orei nstal |

beforeinstall:
<create installation hierarchy>

If the variable $( BEFOREI NSTALL) isdefined, the Doozer++ installation targets will invoke the tar-
get(s) defined in $( BEFOREI NSTALL) before installing anything (hence the name). (Using this tech-
nigue is necessary because GNU make provides no way for makefilesto determineif atarget has been
defined.) Most modules make use of mtree(1) (or the work-alike Perl script) to create the installation
hierarchy in atarget called 'hi er '. More information about the mtree(1) command is available in Ap-
pendix A, Helper cripts.

Next, modules may need to take extra steps before installing specific builds of the libraries (such as
those built by the targets 'dbg’, 'pr of - dso', etc.). This need isindicated as follows:

PREI NSTALL= pre-install

pre-install:
<performsteps i mediately prior to library installation>

If GNU make were more expressive, the above would probably be done using targets such as 'pr e-
dbg-install’, 'pre-prof-dso-install’, andsoon.

The complement of pre-installation is post-installation. Availability of custom post-installation targetsis
specified using the $( POSTI NSTALL) variable. However, in Doozer++ 1.5, there is some inconsi st-
ency with the use of post-installation targets. They do not correspond exactly to the pre-installation tar-
gets, and for that reason, some refactoring is needed. In Doozer++ 1.5, the post-install ation targets are
executed after afull installation is done rather than after each library version isinstalled. For that reason,
the current $( POSTI NSTALL) variable should probably be renamed to $( POSTLI BSI NSTALL) or
some variant thereof. The current post-installation target always installs the modul€'s header files and
then runs any custom post-installation steps. It is at this point that most modulesinstall their datafiles,
sample programs, and other necessary/helpful files.
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Finally, the complement of $( BEFOREI NSTALL) isexecuted. It is specified using the variable
$( AFTERI NSTALL) . Considering that most modules use $( POSTI NSTALL) for datafileinstalla-
tion, there is not much left for $( AFTERI NSTALL) to do.

Developer Installation Targets

At long last, we have reached the point where we explain how the developer installation is created. All
the modules in the Juggler Project are required to set up a developer installation, though they are free to
implement it any way they want. The only restriction is that the modules must not touch or otherwise
modify the developer installations of previously built modules. Aswas stated in the section called “The
Developer Installation”, the idea here is to create something that looks like afull installation within the
developer's build tree. No special steps should be taken that would cause the developer installation to
look or behave any differently than afull installation.

Asexplained in Chapter 4, The " Global” Build, all modules must define targets that set up and tear
down the developer installation. The set-up target isalways caled 'l i nks', and it can be implemented
exactly asfollows:
1 instlinks= $(topdir)/instlinks
AFTERBUI LD= afterbuild
afterbuil d:
5 @( MAKE) i nks

i nks:
i fdef BU LD TYPE
$(MAKE) |inks-$(BU LD TYPE)

10 el se
$(MAKE) |inks-all
endi f
links-all:
15 @( MAKE) EXTRA | NSTALL_ARGS=-1 prefix="$(instlinks)" installworld
I'i nks-dbg:
@(MAKE) EXTRA I NSTALL_ARGS=-1 prefix="$(instlinks)" install-debug
20 l'i nks-opt:
@( MAKE) EXTRA | NSTALL_ARGS=-1 prefix="$(instlinks)" install-optim
I i nks-prof:
@( MAKE) EXTRA | NSTALL_ARGS=-1 prefix="$(instlinks)" install-profiled
25

cl ean-1i nks:
i fndef GLOBAL BUI LD

rm-rf $(instlinks)
endi f

The above makes use of akey feature Doozer++ 1.5: the $( BUI LD_TYPE) variable. When the target
‘af t er bui | d'isinvoked, Doozer++ tells the target what type of build was just performed using this
variable. Based on that, the'l i nks' target can execute the right installation.

Note

The$(i nstl i nks) variable (which must be used as the prefix for the developer installation)
will be overridden by the global build so that all modules make their developer installationsin
the same directory. The setting on line 1 of the above block provides the default value. Thisis
useful when the module is being build standalone (i.e., without using the global build).

When performing that installation, another Doozer++ 1.5 feature is used: the BSD-compatible install(1)
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script. Prior to Doozer++ 1.5, installations were done under the assumption that install-sh might have to
be used if aBSD-compatibleinstall(1) command was not available. The install-sh script is only par-
tially compatible with BSD install(1), and because of limitationsin that script, installations could be
very slow and complex, even when the install(1) command was available. Doozer++ 1.5 shipswith a
Perl script called bsd-install.pl that is fully compatible with BSD install(1), and it adds a handy extra
feature: symlink creation. When the- | option is passed, and the target OS supports symlinks, symlinks
to the source files are created instead of making copies of thefiles. Thisis exactly what is needed for de-
veloper installations, and the above'l i nks- *' targets make use of that option through the Dooz-
er++-recognized variable $( EXTRA_| NSTALL_ARGS) .

Include Build and Clean-Up Functionality from Doozer++

Thelast thing that must be done by Makefile.inc.inisfairly straight forward. The Doozer++ functional-
ity for building everything and for cleaning up must be imported. Most modules make use of the follow-
ing code astheir last few lines:

_cl obber:

@ ( MAKE) cl eandepend

@( MAKE) cl ean-11 nks

_LOCAL_CLOBBER= 1 1
~

i ncl ude $( MKPATH) / dpp. | i bs. nk
i ncl ude $( MKPATH)/ dpp. cl ean. nk

CLEAN DI RS+= $( BUI LDDI R_BASE) $(LI BDI R_NAME)
CLOBBER DI RS+= $( BUI LDDI R_BASE) $( LI BDI R_NAME)

isindicates that alocal 'cl obber ' target is available to be executed after the defa
obber ' target.

isincludes the Doozer++ filedpp. | i bs. nk which defines all the functionality described in
preceding sections.

ese lines include the basic Doozer++ clean-up code and extend the list of directories removed by
‘cl ean'and 'cl obber ' targets respectively.

Auxiliary Files

We now turn our attention to axillary files used by the glue makefile and the component makefiles
(discussed in the section called “Individual Component Makefiles”). Most modules have only two axil-
lary makefilesin their top-level directory: common. def s. nk. i n and make. def s. nk. i n. Wedis-
cuss only those two files here; any extrafiles are project-specific and could probably be merged into
make. def s. nk. i nor Makefil e.inc.in somehow.

comon. defs. nk.in

Thisisafilethat comeswith Doozer++ (in the exanpl es directory). It provides a (nearly) compre-
hensive list of all the variables that may be defined by Autoconf macrosin Doozer++. Theideaisthat a
project developer can make use of thisfile with Doozer++ macros so that he or she does not have to
know all the variables that may be substituted by the macros. In addition to the variable settings, thereis
some code at the bottom of this file for handling different ABIs, though at some point, this may move
into aformal Doozer++ makefile stub.

make. defs. nk.in

Thisfile performs three simple tasks:

1. Includecommon. def s. nk

45



Extending a Modul€'s Makefiles

2. Provide project-specific customizations that extend settingsin cormon. def s. nk

3. Provide the basic name of the library (or libraries) that will be compiled

In reality, these two steps are usually reversed in the actual file, but it makes more sense to discuss them
using the above ordering.

Include common. def s. nk

Including common.defs.mk is arelatively straightforward operation. As of thiswriting, all modules have
the following asthe last line of their make. def s. nk. i n file:

i ncl ude $(topdir)/conmon. defs. nk

Thevariable $( t opdi r) isavailable through an assignment made earlier in thefile:

topdir= @Qopdir@

Theuse of $(t opdi r) , which always has an absolute path, is required so that this file can be included
by any other makefile in the modul€'s source tree.

Provide Project-Specific Customizations

Project-specific customizations are made using the extension mechanisms build into variable assign-
mentsin conmon. def s. nk. In all cases, avariable whose name begins with EXTRA _is used to ex-
tend another variable's default settings. For example, $( CXXFLAGS) is extended using

$( EXTRA_CXXFLAGS) . Extensions can be performed using the += operator, though such operations
should be performed after conmron. def s. nk isincluded.

Name the Library (or Libraries)

Thisisactually part of the project-specific customizations, but it isimportant to distinguish it so that it is
not overlooked. The basic idea here is that one or more variables, one for each C/C++ library, will be
defined. These variables will contain the basic name of the library without any extensions or version in-
formation. Furthermore, the library name will vary correctly based on the target platform. On UNIX-
based systems, that means that the library will have the prefix “lib”, and on Win32 platforms, there will
be no prefix. For example:

TWEEK_L| BRARY= @ B_PREFI X@ week

The library name variables will be used by Makefi | e. i nc. i n when constructing the list of libraries
that Doozer++ must build.

Extension

Unless there are dramatic changes to the way Doozer++ doesitsjob at the time of compilation, the file
Makefil e. i nwill remain fairly static. Extensions should amost alwaysgo in Makefil e.inc.in
or make. def s. nk. i n, depending on the nature of the extensions. User changes should never be
madeto comrmon. def s. nk. i n. Thisfile provides areasonably complete set of variables for extend-
ing its behavior, and make. def s. nk. i n servesas an ideal place to perform overrides to any settings
madein common. def s. nk. i n. Thereal problem occurs when it is necessary to copy a modified ver-
sion of comon. def s. nk. i n from Doozer++. Merging local changes can be hard unlesscom

nmon. def s. nk. i n isawaysimported onto a CV S vendor branch.
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Individual Component Makefiles

The recursion performed by the glue makefile would have nothing to do were it not for the component
makefilesin each subdirectory. The job of these filesisto provide the list of source files that must be
compiled. When the recursion comes to a given subdirectory, atarget (‘dbg’, ‘'opt ', etc.) is executed.
Based on that target, the compiler argument list is constructed, and the source files are compiled iterat-
ively (or in parallel depending on arguments given to make(1)).

In most cases, the targets are defined in Doozer++ makefile stubs such asdpp. obj . nk. Itisupto the
build system author to ensure that the right makefile stubs are used together. Doozer++ 1.5 provides
only afew such stubs, and they all cooperate well. For example, dpp. | i bs. nk,

dpp. | i bs-basi c. nk,and dpp. si npl e- app. nk all work seamlessly with dpp. obj . nk,
dpp. subdi r. nk, and dpp. obj - subdi r. nk.

Basic Structure

In the following sub-subsections, we examine the basic structure of a component makefile. Thisis al-
most aline-by-line examination of a given makefile. We concentrate our discussion on the compilation
of C/C++ code since that makes up the majority of the Juggler Project. Javaand IDL are handled some-
what differently, though the basic ideas are the same. The major difference isthat no dependency files
are generated for Java or IDL using Doozer++ 1.5.

Default Target

The default target should be defined before doing anything else. This prevents any external filesthat are
included from inadvertently defining atarget that would be implicitly defined as the default target. In
most cases, the default target will be'al | ' or 'debug’'.

Include make. def s. nk

The next step should beto include make. def s. ik to get all of its variable definitions. Some of these
may be needed later in the execution of the including file, so it should be included as early as possible. It
should always be included using the following syntax for the path:

i ncl ude @ opdir @ make. defs. nk

Thiswill ensure that the path is specified correctly when the actual makefile is generated. Once
make. def s. nk isincluded, $( MKPATH) can be used for including filesin the Doozer ++/ nk dir-
ectory of the source tree.

Preset and “Local” Variables

Thefirst set of assignmentsis for preset variables (that is, those that are substituted by configure when
the makefile is generated) and for variables that are closely related to the preset variety. In general,
many of these variables will have values that are specific to the current makefile. In other words, they
cannot be shared viaa common file that would be included by all makefiles.

Depending on which makefile is being examined, any extra “miscellaneous’ variables needed are also
set here. For the most part, everything set hereislocal to the current file.

There are several significant variables that must be set. They are as follows:

includedir The directory where headers are installed, if there any headerstoinstall. The installed
filesis contingent uponthe $( | NSTALL_FI LES) variable (see below).
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sredir The directory containing the source code to be compiled. Normally, thisis assigned a
value based on the @r cdi r @substitution variable.

INSTALL The path to the installer program. This must be included in every component makefile
because it may be the install-sh script distributed with Autoconf. In that case, the path
will berelative, and it will vary with each level of nesting in the source tree.

There are also some optional variables that may be necessary depending on the circumstances. They are;

SUBOBJIDIR The subdirectory of $( OBJDI R) (defined by Doozer++) where the object files
compiled by this component makefile go. In most cases, it is helpful to use this
variable, especially when building multiple libraries.

SUBDIR Thisisthe list of all subdirectories of the current directory where compiling needs
to be done. It isused in conjunction with dpp. subdi r. nk or
dpp. obj - subdi r. nmk to perform recursive calls to make(1). These recursive
callsto make(1) are handled wherever other subdirectories exist—not just in the
top-level glue makefile.

INSTALL FILES Thefilestoingtal. If itisnot set, it defaultsto $( srcdi r)/ *. h. It may be ex-
tended (using the += operator) or overridden based on specific needs. Extensions
must be performed after including the Doozer++ . nk file(s), however. See below
for more details on including thesefiles.

Listing Source Files

Next, we provide the list of source files that will be compiled. Thisis also used by makedepend(1) (or
other dependency-generating tool) to get dependencies. For C++ code, the list of sources must be as-
signed to the $( SRCS) variable. These file names should not have any path prepended to them. When
the dependencies (the so-called “. d files’) are generated, it knows which directory contains the files to
parse fromthe $( srcdi r) variable.

In some cases, some files may be conditionally compiled depending on the results of running the config-
ure script. To add these source files to $(SRCS), insert something similar to the following before making
thelist of object files:

i feq (@OVE_VAR@ "YES")
SRCS+= extra_src. cpp
endi f

Include All Necessary Doozer++ . nk Files

Once all the variables are defined, thisis a good time to include any of the . nk files that this file will
need. The path to these files can be extracted from the variable $( MKPATH) that is defined via

make. def s. nk. Typically, these will be the files needed for compiling, generating dependencies and
installing.

Local Targets

Some makefiles may need targets for any source files that are not compiled into the modul€'s library but
are used, for example, as test code. Thisis one example of atime when it may be convenient to compile
code in the current directory rather than in acommon object file directory. Generally, these targets will
be similar to the library targets; however, dependencies will not be generated for these files. The Dooz-
er++ dependency-generation code only looks at $( SRCS) . A local target for generating dependencies
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could be defined if so desired.

Clean-Up Information

After including one of the Doozer++ compiler makefile stubs, a makefile can add to the list of files and/
or directories removed when the 'cl ean' and 'cl obber ' targets are run. To extend these targets, add to
(+= operator) one or more of the following variables:

CLEAN_FILES Thelist of filesremoved by the'cl ean' target.
CLEAN_DIRS Thelist of directories removed by the'cl ean’ target.
CLOBBER_FILES Thelist of filesremoved by the'cl obber ' target.

CLOBBER DIRS Thelist of directoriesremoved by the'cl obber ' target.

Dependencies

Most Makefi | e. i n files end with an area where all the source dependencies are loaded viathe GNU
make include mechanism. In general, it appears as follows:

-incl ude $(DEPEND FI LES)

The variable $( DEPEND_FI LES) isconstructed by Doozer++ based on the list of C/C++ sources (see
the section called “Listing Source Files’ above). Theuse of - i ncl ude versusi ncl ude silences
warnhings when the dependency files have not been created yet.

Some makefiles wrap the line using GNU make conditional constructs. In particular, most component
makefiles actually use the following line:

i f ndef DO_CLEANDEPEND
-incl ude $(DEPEND FI LES)
endi f

Thisisaworkaround for adeficiency in GNU make. Namely, the target that is being executed cannot be
tested. As aresult, cleaning up dependencies with the 'cl eandepend' target is not straightforward.
Doozer++ defines that target, and when it is executed, it defines the variable $( DO_CL EANDEPEND) .
If, at some point, GNU make had features to test the target being executed, this workaround (and many,
many others) could be removed.

Extension

Extension to a given component makefile is almost always done by adding more source filesto the

$( SRCS) variable assignment. Whether thisis done using conditional constructs or extending the al-
ways-build list depends on the circumstances. Other extensions may come in the form of new files that
may be generated from an IDL file or an extension to thelist of filesto be installed.

Specific Modules

Some modules must do more work than simply compiling C++ code into alibrary. To provide readers
with an understanding of how to handle specific cases that are not entirely uncommon, we examine how
various modules in the Juggler Project deal with these situations. The cases we will examine are asfol-
lows:
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* Multiple C++ libraries
» Compiling Javalibraries

» Generating Javaand C++ code from IDL

Multiple Libraries in VR Juggler
Javain Tweek

IDL in Tweek
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Appendix A. Helper Scripts

The VR Juggler build system makes use of many, many helper scripts. Most are written in Perl, though a
few are written in sh(1) because their task is very simple. In this appendix, we present information on
how each script fitsinto the larger picture of the VR Juggler “globa” build system.

mtree(1) and mtree.pl

mtree(1) isautility for mapping directory hierarchies. It dates back to 4.3BSD-Reno, and devel opment
of it has continued in FreeBSD and in NetBSD. mtree.pl isa Perl script written to mimic the behavior
of mtree(1) (the version distributed with FreeBSD 3.0) so that Juggler's installation can take advantage
of its features on platforms without mtree(1). The two are not completely functionally equivalent at this
time, but the basic features needed by VR Juggler are present.

The key aspect of mtree(1) that the Juggler installation uses is the creation of directory hierarchies from
specification files (named with the extension . di st ). These specifications can be used to create the full
installation tree with all directories guaranteed to have the same permissions and ownership. The actual
specification files are generated by configur e from template files to allow maximum flexibility. One key
file, VJ. I'i b. di st, isgenerated by configure from scratch (i.e., without atemplate) so that it can take
advantage of configure'sinternal knowledge about the target platform.

mtree(1) provides awide range of features but unfortunately, not all are implemented in mtree.pl. For
example, besides being used to build a hierarchy, it can be used to generate a specification file for an ex-
isting hierarchy. For more information about what can be done with this utility, refer to the manual page
if mtree(1) is distributed with the operating system. More work on bringing the two closer together in
functional equivalence is anticipated.

install-dir.pl

This Perl 5 script isused to install an entire directory tree without any of the CVS directories. Itsuseis
very simple. In general, the base of the tree to be installed and the destination directory are all that is ne-
cessary. The basic usageis:

install-dir.pl [{-isource directory} |[{-odestination directory} |[-uuser
nane] [[-ggroup nane] |[-mnode] |[-eextension |ist]]|[-]]

This script is used when an entire directory (except for CV S-related files) must be installed. No other
files are skipped during the installation process. Therefore, it is useful when a data directory must be in-
stalled.

The- e <extension |ist> option shown aboverestrictsinstall-dir.pl so that it installs only the
filesin the extension list. The extension list is acomma-separated list of extensions of the form . ext .

install-src.pl

Similar to install-dir.pl, this script installs the contents of a directory tree to a specified location. It is,
however, more selective in what it installs. Only source files of case-insensitive recognized types
(.txt,.c,.h,.cxx,.cpp, makefiles, Makefi | e. i n files, and so on) are copied from the source to
the destination. Any CVS directories are not copied over. The options for this script are as follows:

install-src.pl [{-isource directory} |{-odestination directory} |[-uuser
nane] |[-ggroup nane] |[-mnode] |[-eext ension |ist]]|[-]]

In addition to the hard-coded list of extensions, users can provide their own extensionsusing - e
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<ext ensi on | i st > where<extension list> is acomma-separated string of extensions of the form
. ext . Of course, if the extension list gets long enough, it might be worthwhile to consider using install-
dir.pl instead.

Note

With time and changing requirements in individual modules, the scriptsinstall-src.pl and in-
stall-dir.pl have grown closer and closer to each other in their functionality. While they do
share code through the | nst al | Ops Perl module, there is some duplication. At this point, the
only real difference between the two isthat install-src.pl has a preset list of recognized exten-
sions. Thislist could be passed to install-dir.pl, or install-dir.pl could be extended to enable
this preset list in addition to anything passed in with - e.

makefiles-gen.pl

This script is used to perform the same functions as configure when it expandsthe“@ . . @ stringsin

. I n templatefiles. Itsuseis reserved for the installation phase rather than the configuration phase. The
installation process copies over many Makef i | e. i n'sthat configure would normally generate for use
by developers. To simplify maintenance, the same template files are used for installations that users can
access. Since the templates still containthe“@ . . @ strings, they must be expanded again. Thus,
makefiles-gen.pl stepsin for this purpose.

Optionsfor makefi | es- gen. pl aredightly different from any of the other scripts. It uses GNU-
style options for the sake of clarity since some of the options correspond directlytoa“@ . . @ stringto
be expanded. The options described here are required unless otherwise noted.

Thekey to thisscript is VARS. pl . i n, located in the top-level VR Juggler source directory. It is a Perl
file that can be evaluated at run time by the script to set values used for substitution. The format used in
thefileis:

$VARS{' VAR_NAME' } = ' @/AR_NAME@ ;

Note that VAR _NAME should be the same in both places for ease of understanding. The %/ARS hash is
used in the substitution process. Occurrences of itskeysfound inaMakef i | e. i n arereplaced with
the value associated with that key (the expanded “@ . . @ string). Also note the use of apostrophes to
prevent expansion of variables by the Perl interpreter. Be careful to use the right string delimiters when
adding new values.

InstallOps Perl Module

Many of these Perl scriptsusethel nst al | Ops module (found in | nst al | Ops. pmwith the other
scripts). This module provides subroutines implementing commonly used techniques in working with
directory trees and files during installation. Ideally, it is general enough to be used in writing new scripts
that can be added to the installation process. A short description of the available subroutines and their
useis provided here.

recurseDir();

($start _dir, $base_inst_dir);

Recurse through the given directory tree beginning at $st ar t _di r . The second argument,

$base_i nst _di r, namesthe base directory to which the fileswill be installed. This routine requires
that the calling package define a subroutine called r ecur seAct i on() that defineswhat actionsto
take when anormal fileis encountered during the recursion process. It is only called when non-directory
typefiles are found in the current directory of the recursion process. Sincethisis specialized for installa-
tion, it ensures that the destination directories (rooted at $base_i nst _di r) exist.
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newDir();

($base_dir, $newdir);
Create anew directory ($newdi r ) in agiven directory tree ($base_di r). If it dready exists, it is not
created.

installFile();

($filename, $uid, $gid, $node, $dest _dir);

Install agiven file ($f i | enane) with specified permissions ($node) in UNIX octal style to adestina-
tion directory ($dest _di r ). Ownership is set based on the provided values for $ui d and $gi d
(which has no effect on aWin32 platform).

repl aceTags();

(Replace tags of the form@..@in the given file ($infile) with known
repl acenent values (found in WARS). The tags are the keys of %WARS,
and the repl acenent values are the val ues associated with those
keys.);

make-ver.sh

Thisisasimple script used by most of the modules to generate a header file defining version informa-
tion for the module. It reads the VERSI ON file used by all modules to create this header. Its usageis as
follows:

nmake-ver.sh[[-bbranch]|[-ddate] |[-fversion file]|[-isource tenplate file]]|
[-nrel ease nane] [[-oout put file]|[-sthreadi ng subsysten |[-vversion]]

The following shows atypical usagein a makefile:

PARAM HEADER= proj / proj Param h

BRANCH= HEAD

CANON_NAME= Chef

VER_ARGS= -f $(PROJROOT_ABS)/ VERSI ON -s @PR_SUBSYSTEM@ \
-b $(BRANCH) -0 $( PARAM HEADER) -n "$( CANON NAI\/E)
-1 $( PRAUROOT _ ABS) / pr oj I pr 0] Par am h.in
-d "“date ' +% %, % %t YM US

BEFOREBUI LD= beforebuild

bef or ebui | d:
@( MAKE) $( PARAM HEADER)

$( PARAM _HEADER) : $( PROJROOT_ABS) / proj / proj Param h. i n $( PRQJROOT_ABS)/ VERSI ON

@(SHELL) $(scriptdir)/mke-ver.sh $(VER_ARGS)

The above would normally occur in amodule's top-level Makefi | e. i nc. i n file. It only generates
the header pr oj / pr oj Par am h when the source template changes or the modul€e's VERSI ONfile
changes. Because it is generated during 'bef or ebui | d', it is guaranteed to exist when any C/C++ code
would need to include it for proper compiling.
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This script basically serves as away to generate the version information at build time rather than at con-
figuration time using the configure script. Clearly, theuse of a. i n template file would be suited well to
life as a configur e-generated file, but the needs of the Juggler Project dictate that version information be
up to date for builds since they are done more frequently than configurations.

mkmakefile.pl

Thisisascript that can generate Doozer++-aware makefiles. It can generate two types of makefiles:
module component makefiles and application makefiles. (The component makefiles of modulesin the
Juggler Project were discussed in the section called “Individual Component Makefiles’.) The script also
makes use of information provided through m4 macros defined inj uggl er/ mac-

ros/ vrj - hel pers. mi. For that reason, it cannot be distributed with Doozer++. In other words, this
script istailored for use within the Juggler Project build system and cannot be used outside of that scope
without modification.

Use of this script is rather complicated, but it is probably easier than writing the makefiles by hand. Due
to the complex nature, it is recommended that interested readers refer to the usage information printed
by executing the following:
nknmakefile.pl --help
The output is quite comprehensive, and any usage information included within this document would
simply be verbatim copies of that output. However, the following explanation, taken from the comments
at the top of the file provide a good description of what this script can do.

This script can generate three types of template Makef i | e. i n'sfor use with acon-

figure script:

1. A Doozer++ makefile that can do one of the following three build processes:

A. Build object files from an auto-detected list of sources coming from one or more
user-specified directories

B. Recurse through alist of directories
C. A and B together

2. A makefile capable of compiling a single application from an arbitrary auto-de-
tected list of sources from an arbitrary list of user-specified directories.

3. A makefile capable of compiling multiple applications from an arbitrary list of
user-specified sources (compared against an auto-detected list for error checking)
from an arbitrary list of user-specified directories.

Given theright information, a“real” Makef i | e can be generated automatically for
any of the above types as part of the creation process.

The makefiles generated can be used without modification, though in typical use, they
will probably serve as more of a starting point requiring only minor modifications.
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Appendix B. Build System Usage

Refer to the Juggler Team Guide for VR Juggler 2.0 (and beyond) for build system usage information.
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Appendix C. GNU Free Documentation
License

Version 1.2, November 2002

FSF Copyright note

Copyright (C) 2000,2001,2002 Free Software Foundation, Inc. 59 Temple Place, Suite
330, Boston, MA 02111-1307 USA Everyone is permitted to copy and distribute ver-
batim copies of this license document, but changing it is not allowed.

PREAMBLE

The purpose of this License isto make a manual, textbook, or other functional and useful document
"free" in the sense of freedom: to assure everyone the effective freedom to copy and redistribute it, with
or without modifying it, either commercially or noncommercially. Secondarily, this License preserves
for the author and publisher away to get credit for their work, while not being considered responsible
for modifications made by others.

This Licenseisakind of "copyleft”, which means that derivative works of the document must them-
selves be free in the same sense. It complements the GNU General Public License, which is a copyleft
license designed for free software.

We have designed this License in order to use it for manuals for free software, because free software
needs free documentation: afree program should come with manuals providing the same freedoms that
the software does. But this License is not limited to software manuals; it can be used for any textual
work, regardless of subject matter or whether it is published as a printed book. We recommend this Li-
cense principally for works whose purpose is instruction or reference.

APPLICABILITY AND DEFINITIONS

This License applies to any manual or other work, in any medium, that contains a notice placed by the
copyright holder saying it can be distributed under the terms of this License. Such anotice grants a
world-wide, royalty-free license, unlimited in duration, to use that work under the conditions stated
herein. The "Document”, below, refers to any such manual or work. Any member of the publicisali-
censee, and is addressed as "you". Y ou accept the license if you copy, modify or distribute the work in a
way requiring permission under copyright law.

A "Modified Version" of the Document means any work containing the Document or a portion of it,
either copied verbatim, or with modifications and/or translated into another language.

A "Secondary Section" is anamed appendix or a front-matter section of the Document that deals exclus-
ively with the relationship of the publishers or authors of the Document to the Document's overall sub-
ject (or to related matters) and contains nothing that could fall directly within that overall subject. (Thus,
if the Document isin part atextbook of mathematics, a Secondary Section may not explain any mathem-
atics.) The relationship could be a matter of historical connection with the subject or with related mat-
ters, or of legal, commercial, philosophical, ethical or political position regarding them.

The"Invariant Sections" are certain Secondary Sections whose titles are designated, as being those of
Invariant Sections, in the notice that says that the Document is released under this License. If a section
does not fit the above definition of Secondary then it is not allowed to be designated as Invariant. The
Document may contain zero Invariant Sections. If the Document does not identify any Invariant Sec-
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tions then there are none.

The"Cover Texts' are certain short passages of text that are listed, as Front-Cover Texts or Back-Cover
Texts, in the notice that says that the Document is released under this License. A Front-Cover Text may
be at most 5 words, and a Back-Cover Text may be at most 25 words.

A "Transparent” copy of the Document means a machine-readable copy, represented in aformat whose
specification is available to the general public, that is suitable for revising the document straightfor-
wardly with generic text editors or (for images composed of pixels) generic paint programs or (for draw-
ings) some widely available drawing editor, and that is suitable for input to text formatters or for auto-
matic trandation to a variety of formats suitable for input to text formatters. A copy made in an other-
wise Transparent file format whose markup, or absence of markup, has been arranged to thwart or dis-
courage subsequent modification by readers is not Transparent. An image format is not Transparent if
used for any substantial amount of text. A copy that is not "Transparent” is called "Opague”.

Examples of suitable formats for Transparent copies include plain ASCII without markup, Texinfo input
format, LaTeX input format, SGML or XML using a publicly available DTD, and standard-conforming
simple HTML, PostScript or PDF designed for human modification. Examples of transparent image
formats include PNG, XCF and JPG. Opague formats include proprietary formats that can be read and
edited only by proprietary word processors, SGML or XML for which the DTD and/or processing tools
are not generally available, and the machine-generated HTML, PostScript or PDF produced by some
word processors for output purposes only.

The "Title Page" means, for a printed book, the title page itself, plus such following pages as are needed
to hold, legibly, the material this License requires to appear in thetitle page. For worksin formats which
do not have any title page as such, "Title Page" means the text near the most prominent appearance of
the work's title, preceding the beginning of the body of the text.

A section "Entitled XY Z" means a named subunit of the Document whose title either is precisely XY Z
or contains XY Z in parentheses following text that translates XY Z in another language. (Here XY Z
stands for a specific section name mentioned below, such as " Acknowledgements', "Dedications”, "En-
dorsements’, or "History".) To "Preserve the Title" of such a section when you modify the Document
means that it remains a section "Entitled XY Z" according to this definition.

The Document may include Warranty Disclaimers next to the notice which states that this License ap-
plies to the Document. These Warranty Disclaimers are considered to be included by reference in this
License, but only as regards disclaiming warranties: any other implication that these Warranty Disclaim-
ersmay haveisvoid and has no effect on the meaning of this License.

VERBATIM COPYING

Y ou may copy and distribute the Document in any medium, either commercially or noncommercialy,
provided that this License, the copyright notices, and the license notice saying this License appliesto the
Document are reproduced in all copies, and that you add no other conditions whatsoever to those of this
License. Y ou may not use technical measures to obstruct or control the reading or further copying of the
copies you make or distribute. However, you may accept compensation in exchange for copies. If you
distribute alarge enough number of copies you must also follow the conditionsin section 3.

Y ou may also lend copies, under the same conditions stated above, and you may publicly display copies.

COPYING IN QUANTITY

If you publish printed copies (or copiesin mediathat commonly have printed covers) of the Document,
numbering more than 100, and the Document's license notice requires Cover Texts, you must enclose
the copiesin coversthat carry, clearly and legibly, al these Cover Texts: Front-Cover Texts on the front
cover, and Back-Cover Texts on the back cover. Both covers must also clearly and legibly identify you
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as the publisher of these copies. The front cover must present the full title with all words of the title
equally prominent and visible. Y ou may add other material on the coversin addition. Copying with
changes limited to the covers, aslong as they preserve the title of the Document and satisfy these condi-
tions, can be treated as verbatim copying in other respects.

If the required texts for either cover are too voluminousto fit legibly, you should put the first ones listed
(as many asfit reasonably) on the actual cover, and continue the rest onto adjacent pages.

If you publish or distribute Opagque copies of the Document numbering more than 100, you must either
include a machine-readable Transparent copy aong with each Opague copy, or state in or with each
Opaque copy a computer-network location from which the general network-using public has access to
download using public-standard network protocols a complete Transparent copy of the Document, free
of added material. If you use the latter option, you must take reasonably prudent steps, when you begin
distribution of Opague copies in quantity, to ensure that this Transparent copy will remain thus access-
ible at the stated location until at least one year after the last time you distribute an Opague copy
(directly or through your agents or retailers) of that edition to the public.

It is requested, but not required, that you contact the authors of the Document well before redistributing
any large number of copies, to give them a chance to provide you with an updated version of the Docu-
ment.

MODIFICATIONS

Y ou may copy and distribute a Modified Version of the Document under the conditions of sections 2
and 3 above, provided that you release the Modified Version under precisely this License, with the Mod-
ified Version filling the role of the Document, thus licensing distribution and modification of the Modi-
fied Version to whoever possesses a copy of it. In addition, you must do these things in the Modified
Version:

GNU FDL Modification Conditions

A. Useinthe Title Page (and on the covers, if any) atitle distinct from that of the Document, and from
those of previous versions (which should, if there were any, belisted in the History section of the
Document). Y ou may use the same title as a previous version if the original publisher of that version
gives permission.

B. List on the Title Page, as authors, one or more persons or entities responsible for authorship of the
modifications in the Modified Version, together with at least five of the principal authors of the Doc-
ument (all of its principal authors, if it has fewer than five), unless they release you from this require-
ment.

. State on the Title page the name of the publisher of the Modified Version, as the publisher.

. Preserve all the copyright notices of the Document.

. Add an appropriate copyright notice for your modifications adjacent to the other copyright notices.

m m O O

. Include, immediately after the copyright notices, alicense notice giving the public permission to use
the Modified Version under the terms of this License, in the form shown in the Addendum below.

G. Preserve in that license notice the full lists of Invariant Sections and required Cover Texts givenin
the Document's license notice.

H. Include an unaltered copy of this License.

I. Preservethe section Entitled "History", Preserveits Title, and add to it an item stating at least the
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title, year, new authors, and publisher of the Modified Version as given on the Title Page. If thereis
no section Entitled "History" in the Document, create one stating the title, year, authors, and publish-
er of the Document as given on its Title Page, then add an item describing the Modified Version as
stated in the previous sentence.

J. Preserve the network location, if any, given in the Document for public access to a Transparent copy
of the Document, and likewise the network locations given in the Document for previous versions it
was based on. These may be placed in the "History" section. Y ou may omit a network location for a
work that was published at least four years before the Document itself, or if the original publisher of
the version it refers to gives permission.

K. For any section Entitled "Acknowledgements" or "Dedications", Preserve the Title of the section, and
preservein the section all the substance and tone of each of the contributor acknowledgements and/or
dedications given therein.

L. Preserve al the Invariant Sections of the Document, unaltered in their text and in their titles. Section
numbers or the equivalent are not considered part of the section titles.

M Delete any section Entitled "Endorsements”. Such a section may not be included in the Modified Ver-
sion.

N. Do not retitle any existing section to be Entitled "Endorsements’ or to conflict in title with any In-
variant Section.

O. Preserve any Warranty Disclaimers.

If the Modified Version includes new front-matter sections or appendices that qualify as Secondary Sec-
tions and contain no material copied from the Document, you may at your option designate some or al
of these sections asinvariant. To do this, add their titlesto the list of Invariant Sectionsin the Modified
Version's license notice. These titles must be distinct from any other section titles.

Y ou may add a section Entitled "Endorsements’, provided it contains nothing but endorsements of your
Modified Version by various parties--for example, statements of peer review or that the text has been
approved by an organization as the authoritative definition of a standard.

Y ou may add a passage of up to five words as a Front-Cover Text, and a passage of up to 25 words as a
Back-Cover Text, to the end of thelist of Cover Textsin the Modified Version. Only one passage of
Front-Cover Text and one of Back-Cover Text may be added by (or through arrangements made by) any
one entity. If the Document already includes a cover text for the same cover, previously added by you or
by arrangement made by the same entity you are acting on behalf of, you may not add another; but you
may replace the old one, on explicit permission from the previous publisher that added the old one.

The author(s) and publisher(s) of the Document do not by this License give permission to use their
names for publicity for or to assert or imply endorsement of any Modified Version.

COMBINING DOCUMENTS

Y ou may combine the Document with other documents released under this License, under the terms
defined in section 4 above for modified versions, provided that you include in the combination all of the
Invariant Sections of all of the original documents, unmodified, and list them al as Invariant Sections of
your combined work in its license notice, and that you preserve all their Warranty Disclaimers.

The combined work need only contain one copy of this License, and multiple identical Invariant Sec-
tions may be replaced with a single copy. If there are multiple Invariant Sections with the same name
but different contents, make the title of each such section unique by adding at the end of it, in paren-
theses, the name of the original author or publisher of that section if known, or else a unique number.
Make the same adjustment to the section titlesin the list of Invariant Sections in the license notice of the
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combined work.

In the combination, you must combine any sections Entitled "History” in the various original documents,
forming one section Entitled "History"; likewise combine any sections Entitled "Acknowledgements’,
and any sections Entitled "Dedications"”. Y ou must delete all sections Entitled "Endorsements”.

COLLECTIONS OF DOCUMENTS

Y ou may make a collection consisting of the Document and other documents released under this Li-
cense, and replace the individual copies of this License in the various documents with a single copy that
isincluded in the collection, provided that you follow the rules of this License for verbatim copying of
each of the documentsin al other respects.

Y ou may extract a single document from such a collection, and distribute it individually under this Li-
cense, provided you insert a copy of this License into the extracted document, and follow this Licensein
all other respects regarding verbatim copying of that document.

AGGREGATION WITH INDEPENDENT WORKS

A compilation of the Document or its derivatives with other separate and independent documents or
works, in or on avolume of a storage or distribution medium, is called an "aggregate” if the copyright
resulting from the compilation is not used to limit the legal rights of the compilation's users beyond what
the individual works permit. When the Document is included in an aggregate, this License does not ap-
ply to the other works in the aggregate which are not themselves derivative works of the Document.

If the Cover Text requirement of section 3 is applicable to these copies of the Document, then if the
Document is less than one half of the entire aggregate, the Document's Cover Texts may be placed on
coversthat bracket the Document within the aggregate, or the electronic equivalent of coversif the Doc-
ument isin electronic form. Otherwise they must appear on printed covers that bracket the whole ag-
gregate.

TRANSLATION

Trandation is considered a kind of modification, so you may distribute translations of the Document un-
der the terms of section 4. Replacing Invariant Sections with translations requires special permission
from their copyright holders, but you may include translations of some or al Invariant Sectionsin addi-
tion to the original versions of these Invariant Sections. Y ou may include a translation of this License,
and all the license notices in the Document, and any Warranty Disclaimers, provided that you also in-
clude the original English version of this License and the original versions of those notices and disclaim-
ers. In case of a disagreement between the trandation and the original version of this License or anotice
or disclaimer, the original version will prevail.

If asection in the Document is Entitled " Acknowledgements', "Dedications’, or "History", the require-
ment (section 4) to Preserveits Title (section 1) will typically require changing the actual title.

TERMINATION

Y ou may not copy, modify, sublicense, or distribute the Document except as expressly provided for un-
der this License. Any other attempt to copy, modify, sublicense or distribute the Document is void, and

will automatically terminate your rights under this License. However, parties who have received copies,
or rights, from you under this License will not have their licenses terminated so long as such parties re-

main in full compliance.
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FUTURE REVISIONS OF THIS LICENSE

The Free Software Foundation may publish new, revised versions of the GNU Free Documentation Li-
cense from time to time. Such new versions will be similar in spirit to the present version, but may differ
in detail to address new problems or concerns. See http://www.gnu.org/copyleft/.

Each version of the Licenseis given adistinguishing version number. If the Document specifies that a
particular numbered version of this License "or any later version" appliesto it, you have the option of
following the terms and conditions either of that specified version or of any later version that has been
published (not as a draft) by the Free Software Foundation. If the Document does not specify aversion
number of this License, you may choose any version ever published (not as a draft) by the Free Software
Foundation.

ADDENDUM: How to use this License for your
documents

To use this License in a document you have written, include a copy of the Licensein the document and
put the following copyright and license notices just after the title page:

Sample Invariant Sectionslist

Copyright (¢) YEAR YOUR NAME. Permission is granted to copy, distribute and/or
modify this document under the terms of the GNU Free Documentation License, Ver-
sion 1.2 or any later version published by the Free Software Foundation; with no In-
variant Sections, no Front-Cover Texts, and no Back-Cover Texts. A copy of theli-
censeisincluded in the section entitled "GNU Free Documentation License".

If you have Invariant Sections, Front-Cover Texts and Back-Cover Texts, replace the "with...Texts." line
with this:

Sample Invariant Sectionslist

with the Invariant Sectionsbeing LIST THEIR TITLES, with the Front-Cover Texts
being LIST, and with the Back-Cover Textsbeing LIST.

If you have Invariant Sections without Cover Texts, or some other combination of the three, merge those
two alternatives to suit the situation.

If your document contains nontrivial examples of program code, we recommend releasing these ex-
amplesin parallel under your choice of free software license, such asthe GNU General Public License,
to permit their use in free software.
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A

Autoconf

Automake

configure script

dependency graph

glue makefile

IDL compiler

Interface Definition Language

A tool used to generate cross-platform shell scripts that test the func-
tionality of software development tools such as compilers and of
local software installations. The results of the tests can be used to
configure a software build system to work with the local system
setup. Autoconf-generated scripts aid in the development of cross-
platform software by detecting and managing platform-specific idio-
syncrasies. Autoconf is part of the GNU software distribution.

A tool used in conjunction with Autoconf to generate complex
makefiles from simple input files. Automakeis part of the GNU
software distribution.

A shell script, generated by the autoconf utility, that tests capabilit-
ies of common developer tools such as compilers and linkers and
sets up a build environment based on the results of the tests.

A directed, acyclic graph defining connections between components.
The connections imply a dependency of the source component on
the target component.

A makefile that pullstogether smaller makefiles and/or directs the
compilation of a collection of makefilesin a source tree. In terms of
the VR Juggler build, this usually means controlling the recursion
through a source tree when building a module.

A software tool that reads an IDL file and generates code in a specif-
ic language (e.g., Java, C++, Smalltalk, etc.). This code may be any-
thing, but typically, it is stub or skeleton code that is extended by
user-defined code that completes the interface implementation.

The Interface Definition Language is a simple language used to
define the interface (or signature) an object will have. An interface
is composed solely of methods (functions) that may be invoked on
an object (data element). No data members are present in the inter-
face definition. IDL is not tied to a specific language but instead
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JARfile

makefile stub

Plain Old Documentation

substitution variable

XSL Transformations

must be compiled into another language where the interface will be
implemented.

A Java archive. These files typically contain everything needed to
execute a Java application or a Java applet. They may also be used
to package language-independent information such as datafiles or
images.

A makefile that cleanly encapsulates some specific task. This may
be variable assignment or definition of reusable build targets. Many
makefile stubs are only afew lines long, though some may be very
complex depending on the task. Theideais that the makefile can be
plugged into alarger makefile to promote reuse of make(1) code.

The documentation format used by Perl. It may be embedded within
Perl scripts so that the documentation is bundled with the script at
all times. The documentation can be rendered to three formats. man-
page, HTML, and plain text. To get a script's documentation in the
same style as that used by the man(1) command, use the following
(replacing <scr i pt - name> appropriately):

perl doc <scri pt-nane>

A shell variable within an Autoconf-based configure script that is
substituted ina. i n template file. For the variable $var i abl e, the
Autoconf @ ar i abl e@syntax isusedinthe. i n templatefile.
Thisisnot aformal term used in Autoconf documentation but rather
aterm used within the VR Juggler build system documentation to
distinguish these variables from other shell variablesin a configure
script.

One of two parts that make up the Extensible Stylesheet Language
(XSL). This part defines an XML-based programming language
used to perform transforms on XML documents.
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