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Preface

Thisbook isfor people who are just getting started with VR Juggler. It guides new users through getting
and installing VR Juggler, configuring users environment to use it, and compiling and running a sample
application.

The prerequisites for reading this book are minimal. They are:

» Some experience with a command-line interface (i.e., a shell such astcsh or the DOS shell)
 Creating and browsing directories

Those users who want to get more involved with VR Juggler to do more than just run applications
should be aware right away of the following prerequisites:

» Knowledge of C++ and object-oriented design

» Knowledge of one of VR Juggler's currently supported graphics APIs (OpenGL [ht-

tp://www.opengl.org/], OpenGL Performer [http://www.sgi.com/software/performer/], OpenSG [ht-
tp://www.opensg.org/], or Open Scene Graph [ http://www.openscenegraph.org/])
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Chapter 1. Installing VR Juggler

As with most Open Source projects, VR Juggler is distributed as compressed archive files using popular
formats. Installing a distribution requires very little effort, but you do need to know how to use archiving
utilities to extract the installation tree. Automation of the installation isa goal of the VR Juggler team,
but we are till finalizing the details of cross-platform installation management. Before reading further,
you should know where you want to install VR Juggler, and you should make sure that you have access
to writeto that directory.

Installing from a Compressed TAR File

The TAR (Tape ARchive) format has been around for along, long time in the UNIX world. It is simply
acollection of filesin adirectory tree that are lumped into a single file suitable for writing to a tape or
for downloading. The format is a standard, and the tar (1) utility is available on every UNIX-based plat-
form and on Win32. A free version can be downloaded from the GNU Project [http://www.gnu.org/]. A
compressed TAR fileis made for each VR Juggler distribution, and some distributions come in other
formats as well. Y ou can aways count on the availability of a TAR file, though. The TAR files are com-
pressed using either GZIP or BZIP2, both of which are standard compression formats. The gzip(1) util-
ity isfreely available from the GNU Project, and the bzip2(1) utility can be downloaded for free from
RedHat, Inc. [http://sources.redhat.com/bzip2/]. The GNU version of TAR hasthe GZIP and BZIP2 a-
gorithms built in. The compression algorithm used can be determined by the file extension. Files com-
pressed with GZIPend in . gz; files compressed with BZIP2 endin. bz2.

Once you have downloaded a VR Juggler TAR distribution, you can unpack it one of two ways depend-
ing on what your platform's version of TAR supports. Before extracting the installation tree, make sure
that your current directory is the one where you want to install VR Juggler. If your version of TAR does
not have GZIP built in (it does not support the - z option), the following command will do the decom-
pression and extraction:

% gzip -cd vrjuggler-distribution.tar.gz | tar -xvf -

For versions of TAR without built-in BZIP2 support (thereisno - j option) the command is similar:

% bzi p2 -cd vrjuggler-distribution.tar.bz2 | tar -xvf -

Here, you should fill invr j uggl er-di stribution.tar.gz (orvrjuggl er-distribu-
tion.tar. bz2) withthe name of the VR Juggler distribution file you downloaded. The above com-
mands will work with any shell that supports redirection of standard output to a pipe. If that |ooks too
scary, you can separate the decompression and extraction into two commands (for GZIP):

% gunzip vrjuggler-distribution.tar.gz
% tar -xvf vrjuggler-distribution.tar

or for BZIP2:

% bunzi p2 vrjuggler-distribution.tar.bz2
% tar -xvf vrjuggler-distribution.tar

Note that the distribution file in the second command does not have the. gz extension after gzip(1) is
run. These steps also work if your version of tar (1) supportsthe - z option (- j for BZIP2), but you can
simplify your work if that option is supported. The following illustrates how to decompress and extract a
TAR file compressed with GZIP all in one step:
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% tar -xzvf vrjuggler-distribution.tar.gz

The following would be used for a TAR file compressed with BZIP2:

% tar -xjvf vrjuggler-distribution.tar.bz?2

In either case, while the command runs, you will see the name of each file asit iswritten to disk. Thisis
because of the - v option to tar (1) that tells it to be verbose in its efforts. tar (1) takes care of creating all
the directoriesin the installation tree, so you only need to have the base directory (for example, /

usr/ | ocal ) when you start. For more information about these utilities, please refer to the tar (1) and
0zip(1) manual pages.

Installing from a ZIP File (Win32 only)

On the Win32 family of platforms, the ZIP format rules. In the old days, you would use the PKZIP util-
ity to uncompress and extract a ZIP file. Nowadays, most people use WinZip [http://www.winzip.com/]
or some other comparable graphical interface. This documentation covers only the use of WinZip when
extracting aZIPfile.

Once you have downloaded the VR Juggler ZIP file, the easiest way to extract it is to double-click on its
icon in the open folder window as shown in Figure 1.1, “Windows Folder View of ZIP File”.

Figure 1.1. Windows Folder View of ZIP File
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Double-clicking opens the main WinZip window, as shown in Figure 1.2, “Open WinZip Window”.
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Figure 1.2. Open WinZip Window
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Note that in this screen shot, the Extract button is highlighted. Click this button to open the following
window. Note that in this screen shot, the Extract button is highlighted. Click this button to open the dia-
log box shown in Figure 1.3, “WinZip Extract Dialog”.

Figure 1.3. WinZip Extract Dialog
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In this window, choose the directory where VR Juggler will be installed and click Extract. WinZip will
then proceed to extract the ZIP file into the directory you named. That isall thereistoit.

Installing from a Disk Image (Mac OS X only)

The preferred Internet distribution format for Mac OS X isthe disk image (file extension . dnm).
Double-clicking on the . dirg file mounts the disk image which can then be opened. Pre-compiled ver-
sions of VR Juggler for Mac OS X are distributed in this manner. Withi n the mounted disk image, there
isan installer program for the VR Juggler release (file extension . pkg)

I mportant

Beforeinstalling, read any HTML filesincluded with the VR Juggler distribution. These will
contain relevant information about updating an existing VR Juggler installation or how to use
the VR Juggler installer that is not covered here.

Double-clicking on the VR Juggler installer will install VR Juggler. The VR Juggler libraries will be in-
stalledto/ usr/ | ocal , and the dependencies will beinstalled to

/usr/ 1 ocal/vrjuggl er-deps. The application bundles for the Tweek Java GUI and VRJConfig
will beinstalledto/ Appl i cati ons. Finaly, thefile~/ . MacOSX/ envi r onnent . pli st will be
updated to set the VR Juggler-related environment variables (see Chapter 2, Environment Variables).

Note

The application bundles for the Tweek Java GUI and VRJConfig are till in the early stages of
development. For convenience, the command line versions of these applications are also in-
stalled. Running tweek or vrjconfig from aterminal window will start those applications just
aswould be done on other operating systems. At some point, the command line verrsions of
these applications will probably be removed on Mac OS X in favor of exclusive use of the ap-
plication bundles.

u nfortunately, the complexity of VR Juggler preventsit from being installed using the preferred drag-and-drop method.
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Chapter 2. Environment Variables

There are several environment variables that affect the way VR Juggler works. Some of these are re-
quired to compile and run applications while others are optional. This chapter lists all such variables and
explains their meanings and uses.

How to Set Environment Variables

The syntax for setting or changing an environment variable varies with operating systems and shell in-
terpreters. Instead of choosing one style of syntax that is specific to a particular shell type, we define our
own syntax which you must then translate to your shell's specific syntax. Before defining this syntax, we
present the method used to set environment variablesin the three most common types of shells. We also
provide a quick overview of how to set environment variables using Win32-based GUIs.

Common Conventions and Background

A convention used throughout this book is to name the variables using all capital letters. In almost all
cases, regardless of the shell, this is the naming convention used for environment variables.

Setting a path with an environment variable can require special syntax. Because of this, the method for
doing so may vary from shell to shell. Paths are important with VR Juggler when looking up the path to
ashared library (dynamically linked library). For each shell, the syntax for setting a path is given.

Referring to environment variables can also vary from shell to shell. An example of how to print the
value of an environment variable will be given for each shell. An example of how to refer to an environ-
ment variableis also provided as these two operations may vary even within one kind of shell!

In al shells, an environment variableis only available within that single shell instance. That is, setting
an environment variable at a command prompt only affects that specific shell and will not be available

from other concurrent or future shells. To make a setting “permanent”, it should be donein file read by
all shell instances when they are started. Thisis addressed briefly as appropriate for each shell type.

C-Style Shells (csh, tcsh)

In aC-style shell (i.e., one whose interface is based on the C programming language), setting environ-
ment variables is done using the built-in command setenv. It is used as follows:

% set env <VARI ABLE_NAME> <val ue>

where the string <VARI ABLE_NAME> represents the name of the variable you are going to set and
<val ue> represents the value assigned to that variable. Both are required. If the named variable did not
exist before, it will pop into existence. Otherwise, you overwrite the old setting with the new one.

To print the value of an environment variable, use the following command:

% printenv <VARI ABLE NAME>

Referring to a variable, however, is done using the following syntax:

% cd $VARI ABLE_NAME/ bi n

Paths are specified as a colon-separated list. An example of thisis:
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% printenv PATH
/bin:/sbin:/usr/bin:/usr/sbin

For these types of shells, a*“permanent” setting for a given variable should usually be donein your
.cshrcfileor inyour . | ogi n file, both of which should be in your home directory. In most cases, it is
better to use. cshr ¢ becauseit is evaluated for every shell instance.

sh-Derived Shells (sh, ksh, bash, zsh, etc.)

In ashell based on sh, setting environment variables is done using the built-in command export. Itis
used as follows:

% export <VARI ABLE NAME>=<val ue>

or
% <VARI ABLE_NAME>=<val ue>
% export <VARI ABLE_NAVE>

Here, the string <VARI ABLE_NAME> represents the name of the variable you are going to set and

<val ue> represents the value assigned to that variable. Both are required. Note that there is no space
between the variable name and its value. If the named variable did not exist before, it will pop into exist-
ence. Otherwise, you overwrite the old setting with the new one. If the variable was aready among your
current shell's environment variables, the export command is not necessary.

To print the value of an environment variable, use the following command:

% echo $VARI ABLE_NAME

Getting the value of a variable works the same way.

Paths are specified as a colon-separated list. An example of thisis:
% echo $PATH

[ bin:/sbin:/usr/bin:/usr/sbhin

For these types of shells, a*“permanent” setting for a given variable should usually be donein the

. profil efileinyour homedirectory or in your shell's“rc” file. Different shells have different names
for thisfile. Examplesare . bashr ¢ for BASH and . zshr ¢ for Zsh. Please refer to your shell's docu-
mentation for more information. In any case, the file will bein your home directory.

DOS Shell

Thetypical syntax for setting an environment variable from the command line (in a DOS shell window)
under Win32is:

C. \> set <VARI ABLE_NAME>=<val ue>
Here, <VARI ABLE NAME> is the name of the environment variable to be set, and <val ue> isthe

value being assigned to that variable. If the named variable did not exist before, it will pop into exist-
ence. Otherwise, you overwrite the old setting with the new one.

To print the value of an environment variable, use the following command:
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C.\> set <VARI ABLE NAME>

Referring to avariable, however, is done using the following syntax:

C\> cd WARI ABLE_NAME% bi n

Paths are specified as a semicolon-separated list. An example of thisis:

C.\> set PATH
C.\ W NDOW5; C:\ bi n; C:\

For some versions of Windows, a“permanent” setting for a given variable should usually be donein
C:. \ AUTOEXEC. BAT. In newer versions (Windows ME in particular) and in the Windows NT line of
operating systems, the setting is done using the Control Panel. Please refer to the next section for more
information on that method.

Win 32 GUI

Before reading this section, please be sure to have read the section called “DOS Shell”. Thisis necessary
because the Win32 GUI for setting environment variablesis ssimply afront-end to that older method and
thus uses the same conventions and syntax. The versions of Windows to which this subsection applies
areindicated individually since each is alittle different. For more detailed information, please refer to
the Windows online help system and search for “environment variables’.

Windows 2000 and Windows XP

In the Control Panel, open the System icon. Under the Advanced tab, thereis a button labeled Environ-
ment Variables, shown in Figure 2.1, “Windows 2000 System Properties Dialog” (the Windows XP ver-
sion isshown in Figure 2.2, “Windows XP System Properties Dialog”). Clicking this button opens the
dialog box shown in Figure 2.3, “Windows Environment Variable Editor Dialog”. Here, you can set
variables for yourself and, if you have the access privileges, for al users.

Figure 2.1. Windows 2000 System Properties Dialog
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Figure 2.2. Windows XP System Properties Dialog
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To set up VR Juggler, the environment variable VJ_BASE DI R needs to be set, probably for al users,
though it depends very much on local system requirements. For this example, let us say that the Win32
version of VR Juggler isinstalled inthe D: \ directory. As such, wewill set VJ_BASE DI R as shown
in Figure 2.4, “ Setting VJ_BASE_DI Ron Windows’. VJ_DEPS DI Ris set similarly.

Figure 2.4. Setting VJ_BASE_DI Ron Windows
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Windows NT 4.0

In the Control Panel, open the System icon. The window that is opened has atab labeled Environment
Variables. Here, you can set variables for yourself and, if you have the access privileges, for all users.
The GUI issimilar to that shown above for Windows 2000.

Mac OS X

On Mac OS X, environment variables can be set in two different ways, just as on Windows. They can be
set as“global” environment variables available to all applications launched from the Finder, or they can
be set within a Terminal window for use within that shell and by all applications launched from that
shell. Refer to Apple's Technical Q& A QA 1067 [http://devel oper.apple.com/qa/ga2001/qal067.htmi]
document for details on how to set global environment variables for use by the Mac OS X desktop inter-
face. To set an environment variable within a Terminal window, refer to either the section called
“C-Style Shells (csh, tcsh)” or the section called “sh-Derived Shells (sh, ksh, bash, zsh, etc.)” depending
on the user's chosen shell (the default is tcsh).

Syntax Used in this Document

To avoid tying this documentation to a single style of environment variable creation, assignment and ref-
erence, the following syntax will be used exclusively from this point onward. Please read this carefully
before proceeding.

Naming Environment Variables
When naming an environment variable in the plain text of this document, the variable will be referred to

by its name only. For example, to talk about the environment variable containing your path, we will talk
about it as PATH.

Creating/Setting Environment Variables

The syntax to set an environment variableis:

% <VARI ABLE_NAME> = <val ue>

Setting an environment variable also createsit if it is not already present in the current shell's environ-
ment.

Printing an the Value of an Environment Variable

Printing an environment variable's value to standard output (stdout) is done as follows:

11
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% echo $VARI ABLE NANME
val ue

Referring to the Value of an Environment Variable

To get the value of an environment variable when it needs to be expanded, the following syntax will be
used:

% cd $VARI ABLE_NANME/ bi n

Here, the reference to the valueis $VARI ABLE _NAME.

Required Environment Variables

VJ BASE DIR The environment variable VJ_BASE_ DI RtellsaVR Juggler ap-
plication where to find important datafiles. It is required to com-
pile and run any Juggler application. It should be set to the base
directory of theinstalled VR Juggler library. For example, if you
downloaded a UNIX version of VR Juggler 2.0 and extracted it to
the directory / horre/ sof t war e, you would set
VJ_BASE_ DI Rwith this command:

% VJ_BASE DI R = / hone/ software/vrjuggler-2.0

The last component of the path depends on the particular version
of Juggler you have downloaded.

If you downloaded and built VR Juggler from the source code, the
compilation creates a directory calledi nst | i nks which can be
used as a VR Juggler base:

% VJ_BASE DI R = $HOWE/ j uggl er/ ny_buil d_dir/instlinks

VJ DEPS DIR This variable provides the path to the complete set of bundled VR
Juggler dependencies (Boost, CppDOM, OpenAL, etc.). Itisused
by scripts such as vrjuggler-config and by the Visual C++ project
files that come with the sample applications. If you downloaded
the dependencies as a separate package, set this environment vari-
able to the path where that package was installed. If the depend-
encies are bundled in the same tree as VR Juggler, then this envir-
onment variable does not have to be set.

PATH To compile any of the sample applications, the
$VJ_BASE_DI R/ bi n directory must be added to your PATH as
follows:
% PATH = $PATH: $VJ_BASE DI R/ bi n
Depending on your shell, you may need to run the rehash com-

mand after executing the above.

Windows users must also include the directories
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$VJ_DEPS DI R/ bin,$VJ_DEPS DI R/|li b, and
$VJ_BASE DI R/ |'i b intheir PATH setting. Thisis so that the
DLLsfor VR Juggler and its dependencies will be found when an
application is executed.

JDK_HOME The JDK_HOVE environment variableis required by the script
that starts VRJIConfig, the VR Juggler configuration program. If
Javaisinstalled on your system, JDK_HOVE may aready be set.
If not, it needs to be set to the base of the Javainstallation.

LD_LIBRARY_PATH UNIX/Linux systems use these environment variablesto find dy-
(UNIX/Linux only), namically loaded libraries, such asl i bvrj . so. Unlessyou are
DYLD_LIBRARY_PATH building everything with static libraries, you will need to set these
(Darwin/Mac OS X only), to include the VR Juggler library directory (under

LD LIBRARYN32 PATH (IRIX  VJ_BASE DI R). IRIX supports several Application Binary In-

only), LD_LIBRARY64 PATH terfaces (ABIs). VR Juggler supports only the N32 and 64

(IRIX only) formats, and there are different library path variables for each.
TheN32 ABIl usesthe LD LI BRARYN32_PATH variable, and
the 64 ABIl uses LD LI BRARY64_PATH. An example of setting
the library path is asfollows:

% LD _LI BRARY_PATH = $VJ BASE DIR/ I ib

If you have VJ_DEPS DI Rset and it is not the same as
VJ_BASE DI R then$VJ_DEPS DI R/ | i b also needsto bein
LD LI BRARY_PATH,

Note

On some SGI systems running IRIX, users of the M1PSpro Compilers (version 7.3) may need
to add another directory as follows:

% LD_LI BRARY_PATH = $LD LI BRARY_PATH: /usr/ i b32/ cnpl rs: $VJ_BASE DI R/ | i b32

Optional Related Environment Variables

VJ CFG_PATH This variable provides a search path for looking up configuration
files. It lists one or more directories where VR Juggler configura
tion files may be found. At run time, this path will be used to find
configuration files that are not named using absolute paths. This
variableis set using a platform-specific format. On Windows,
DOS paths should be used, and they must be separated by the
semi-colon (;) character. On UNIX variants and Mac OS X, the
paths should be separated by the colon (:) character. Thisis ex-
actly the way that the $PATH environment variable would be set
on al of these platforms. If not set, the default search path for
configuration filesis
$VJ_BASE DI R/ share/vrjuggl er/datal/configFile
S.

Note

The configuration files are loaded by the module JCCL, and it will recognize the environment
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variable JCCL_CFG_PATH. If JCCL_CFG_PATH s set, it takes precedence over

VJ_CFG_PATH.

JCCL_DEFINITION_PATH

This variable augments the search path for JCCL definition files
(those fileswith the extension . j def ). It is set using a platform-
specific format. On Windows, DOS paths should be used, and
they must be separated by the semi-colon (;) character. On UNIX
variants and Mac OS X, the paths should be separated by the
colon (:) character. Thisis exactly the way that the PATH environ-
ment variable would be set on these platforms.

The default search path for configuration filesis always
$VJ_BASE DI R/ share/vrjuggl er/ data/definition
s. Setting the environment variable JCCL_DEFI NI TI ON_PATH
appends directories to the default search path. It is not possible to
change the default search path without changing the value of
VJ_BASE DI R

Python programmers will find this sort of behavior familiar. This functionality is based on the
way that the Python environment variables PYTHONHOVE and PYTHONPATH behave. In this
case, PYTHONHQOVE correspondsto VJ_BASE DI R, and PYTHONPATH corresponds with JC-
CL_DEFI NI TI ON_PATH. Indeed, the behavior of JCCL_DEFI NI TI ON_PATH was inspired by
the handling of PYTHONPATH by the Python interpreter.

SNX_BASE DIR

VPR _DEBUG_NFY_LEVEL

VPR _DEBUG_ALLOW_CATEG
ORIES

The environment variable that defines the root directory of a
Sonix installation. At run time, Sonix uses this variable to search
for plug-ins. If it is not set, Sonix plug-in loading may fail. In
genereal, it will be set to the samevalueasVVJ_BASE DI R

This variable can be used to control the amount of diagnostic in-
formation a VR Juggler application outputs. Its value is a hnumber
between 0 (only very important messages are printed) and 7 (vast
amounts of data) inclusive. Non-hackers are advised to use levels
0 through 3, as higher debug levels become increasingly cryptic
and can severely impact application performance. The default is
level 1—only errors and critical information are output. An ex-
ample of setting avalue for thisvariableis:

% VPR_DEBUG NFY_LEVEL = 3

This variable can be used to control which components of VR
Juggler are allowed to output diagnostic data. If for some reason
you set VPR _DEBUG _NFY_LEVEL to 5 or higher, thisvariable
can be used to filter the output. The value of

VPR _DEBUG_CATEGORI ES is a space-separated list of Juggler
debug component names (defined in

$VJ_BASE DI R/include/vrj/Wil/Debug.h,
$VJ_BASE DI R/i ncl ude/ vpr/ Wil / Debug. h,
$VJ_BASE DI R/ i ncl ude/ t week/ Ui | / Debug. h,
$VJ_BASE DI R/include/jccl /Uil /Debug. h,and
$VJ_BASE DI R/ i ncl ude/ gadget/ Uti |/ Debug. h). The
default value is“DBG_ALL”, which performs no filtering what-
soever. Examples of setting it are asfollows:
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% VPR _DEBUG_ALLOW CATEGORI ES
% VPR_DEBUG_ALLOW CATEGORI ES
% VPR _DEBUG_ALLOW CATEGORI ES

DBG_ERROR
"DBG_KERNEL DBG | NPUT_MGR
" DBG_CONFI G DBG_RECONFI GUI

VPR_DEBUG DISALLOW_CAT Thisvariableisbasicaly the opposite of

EGORIES VPR_DEBUG ALLOW CATEGORI ES. Instead of specifying
which debugging categories you want to see, you specify which
ones you do not want to see. Its default value is empty which
means that no debugging categories are excluded. Examples of
setting it are asfollows:

% VPR _DEBUG_DI SALLOW CATEGCRI ES
% VPR _DEBUG_DI SALLOW CATEGCRI ES
% VPR_DEBUG_DI SALLOW CATEGORI ES

DBG_ERROR
"DBG_KERNEL DBG | NPUT_|
" DBG_CONFI G DBG_RECONFI

NO_RTRC _PLUGIN Setting this environment variable to any value will prevent the
JCCL [http://www.vrjuggler.org/jccl/] Config Manager from at-
tempting to load the remote run-time reconfiguration plug-in. This
plug-inis used to allow VRJConfig to connect to arunning VR
Juggler application so that the application may be reconfigured on
thefly.

Setting this environment variable is useful in two scenarios. when
using SPROC threads on IRIX and when using PyJuggler [ht-
tp://www.vrjuggler.org/pyjuggler/] on Mac OS X 10.3
(“Panther”). The current implementation of the remote run-time
reconfiguration plug-in is based on omniORB [ht-
tp://omniorb.sourceforge.net/], which cannot be used with
SPROC threads. In that case, there will not be a plug-in available
to load, and setting this enviornment variable ultimately prevents
the IRIX run-time loader from printing a nasty message saying as
much. On Mac OS X 10.3, static data initialization in omniORB
fails when the omniORB libraries are loaded into the Python in-
terpreter application space, and this leads to a crash. Setting this
environment variable allows PyJuggler applications to run cor-
rectly. This crash does not occur with PyJuggler on Mac OS X
10.4 (“Tiger").

NO_PERF PLUGIN Setting this environment variable to any value will prevent the
VR Juggler Performance Mediator from attempting to load the re-
mote performance visualization plug-in. This plug-inis used to al-
low a JavaBean loaded by the Tweek [ht-
tp://www.vrjuggler.org/tweek/] Java GUI to connect to arunning
VR Juggler application and display live performance metrics.

Setting this environment variable is useful in two scenarios: when
using SPROC threads on IRIX and when using PyJuggler [ht-
tp://www.vrjuggler.org/pyjuggler/] on Mac OS X 10.3
(“Panther”). The current implementation of the remote perform-
ance visualization plug-in is based on omniORB [ht-
tp://omniorb.sourceforge.net/], which cannot be used with
SPROC threads. In that case, there will not be a plug-in available
to load, and setting this enviornment variable ultimately prevents
the IRIX run-time loader from printing a nasty message saying as
much. On Mac OS X 10.3, static data initialization in omniORB
fails when the omniORB libraries are |oaded into the Python in-
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terpreter application space, and this leads to a crash. Setting this
environment variable allows PyJuggler applications to run cor-

rectly. This crash does not occur with PyJuggler on Mac OS X
10.4 (“Tiger”).
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Chapter 3. VR Juggler Sample
Applications

VR Juggler comes with several sample applicationsin itssanpl es directory tree. Many of them are
very simple and are designed to demonstrate a specific feature of VR Juggler or atechnique to use when
writing your own applications. This chapter lists the current sample applications as of this writing and
gives a quick description of what you as a potential developer might find interesting in the code. Those
users who just want to run applications can safely skip this chapter.

Tutorial Applications

Some sampl e applications designed for getting started with VR Juggler are found in

$VJ_BASE DI R/ share/ vrj uggl er/ sanpl es/ OG./ si npl e. All of these applications were
designed to be used as part of courses teaching people how to write VR Juggler applications using
OpenGL. They contain clear comments explaining what the code is doing, and they are intended to be as
simple as possible. These tutorials are as follows:

» simplelnput: An application that demonstrates how to get input from devices. No graphics are
rendered with this application. It is intended to be a starting point for getting an understanding of how
user input is queried.

» SimpleApp: A very simple OpenGL application that draws a small cube in space and draws the co-
ordinate axes for the cube.

 contextApp: An application demonstrating how to use OpenGL display listsin VR Juggler applica-
tions. This extends SimpleApp by using adisplay list to draw a cube and by moving the cube with the
wand.

» ConfigApp: A relatively simple application that demonstrates how user-level code can take advantage
of the VR Juggler configuration system, JCCL.

* MPApp: A more complex OpenGL application that demonstrates how to do multi-processing in VR
Juggler applications. Asit existsin its distributed form, no multi-processing is done. A more detailed
lesson is available that explains how to extend the application to employ multi-processing techniques.

For a step-by-step lesson how to use these applications to learn VR Juggler application programming,
please refer to the Programmer's Guide. It contains sections explaining each of the above applicationsin
great detail. Each lesson ends with an exercise where the reader extends the application to include some
new functionality.

Advanced OpenGL Performer Applications

Examples of OpenGL Performer applications can be found in

$VJI_BASE DI R/ shar e/ vrj uggl er/ sanpl es/ Pf/ advanced. These are for more advanced
developers who are familiar with Performer and some of the more complicated aspects of VR Juggler.
There are two main programs to be found there:

» pfNav: A starting point for basic VR Juggler Performer applications that need to load a model and
navigate through it. Usersimplement their application by inheriting from a provided class, si m
pl ePf Nav. This may be agood place for intermediate-level users of OpenGL Performer to start be-
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causesi npl ePf Nav hides many of the complicated details (which actually makes that class far
from simple).

» pfConfigNav: A more advanced example of a VR Juggler Performer application that can be given its
model through a VR Juggler configuration element.
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Chapter 4. Compiling a VR Juggler
Sample Program

Now that you have VR Juggler installed and you have your environment all configured, it istime for the
fun to begin. No, seriously. Y ou are now ready to compile and run VR Juggler applications, and that is
the whole point, right? This chapter explains how to compile the applications provided in the directory
$VJ_BASE DI R/ shar e/ vrj uggl er/ sanpl es/ OG./ si npl e.

Required Reading

Before reading any further, make sure you have already read the instructions on how to install VR Jug-
gler (in Chapter 1, Installing VR Juggler) and on how to configure your environment (in Chapter 2, En-
vironment Variables). That information will not be repeated, and it is assumed that you already know
what we mean by VJ_BASE_DI R. Y ou should also have a basic understanding of how make(1) works,
but in these examples, nothing more will be necessary than typing make on the command line. Refer to
the make(1) manua page for more information about it.

Compiling an Application

There are two ways to compile VR Juggler applications: from the command line or with Microsoft Visu-
al Studio. Compiling an application on the command line requires the use of GNU make (often installed
as gmake) so that it will work on al supported platforms including Win32. Using Microsoft Visua Stu-
dio will only work on Win32.

Compiling from the Command Line

All the sample programsin $VJ_BASE DI R/ shar e/ vr j uggl er/ sanpl es use the same basic
steps to compile unless otherwise noted. Always refer to the top of the sample application's Makefi | e
for information that may be specific to building that application. In general, though, all applications
makefiles require the GNU version of the make(1) utility, sometimes installed as gmake.

The example used here will be the MPApp tutorial application found in

$VJ_BASE DI R/ shar e/ vrj uggl er/ sanpl es/ OG./ si npl e/ MPApp. It isan OpenGL-based
application that will compile and run on all platforms supported by VR Juggler. Begin by changing into
thedirectory $VJ_BASE_DI R/ shar e/ vrj uggl er/ sanpl es/ OGL/ si npl e/ MPApp in acom-

mand shell.

To compile MPApp, smply enter the following:

% gmake

The compile process will then begin. As noted above, the use of GNU make is required to use the dis-
tributed makefiles. With Cygwin, GNU make is smply make. If you have your system set up properly,
it will complete with an executable MPApp file (or MPApp. exe on Win32) in the directory. Now that

you have a program compiled, it istimeto learn how to run it. (Readers who are not using Visual Studio
can skip ahead to Chapter 5, Running a VR Juggler Sample Program.)

Compiling Using Microsoft Visual Studio
Note
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Remember that the Netscape Portable Runtime (NSPR) is required to use VR Juggler on Win-
dows. Its DLL directory must bein your path (viathe PATH environment variable) for proper
application execution. The NSPR can be downloaded from the NSPR home page [ht-
tp://www.mozilla.org/projects/nspr]. If the pre-compiled VR Juggler dependencies arein-
stalled, then NSPR is already available.

All OpenGL sample applications are shipped with pre-configured Microsoft Visual C++ projects. Thisis
done to help new users get started with compiling VR Juggler applications and to give experienced
Visual Studio users a starting place for their application development. To use the workspace for the
MPApp application, begin by opening the folder containing the source code and double-clicking on

MPApp. vcproj .

Figure4.1. Selecting the Visual C++ Project File

& (', vrjuggler-1.1-DR3.win32share' ¥rjuggler’samples,0GLY simple’, — | O | ll

File Edit ‘ew Fawvorites Tools  Help ﬁ
s=Back ~ = - | Dhsearch [yFolders o4 | FrELrF SO g e | Ex~
address | MPapp j @ Go
1 = P =
i *
Yo - @ @
b main.cpp! Makefile Mesh.h MPAPP.COP MPApp.h
MPApp
Select anitem to view its descripkion, E
See also: MPApp. wCpraj
My Documents
My Mebwork Places
My Compuker
|6 objeck{s) |23.6 KE |E_EJI My Compuker v

Visua Studio will open, and the MPApp project will be loaded. The unexpanded class view will appear
as shown in Figure 4.2, “MPApp Project” when Visua Studio first loads.

Figure4.2. MPApp Project
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In some cases, it may be necessary to change the default project properties. The project properties dialog
can be opened in severa ways. For example, right-clicking on the project name in the Solution Explorer
brings up the menu shown in Figure 4.3, “Project Menu”. We are interested in changing the project's
properties, so we select the Properties item from the popup menu.

Figure 4.3. Project Menu
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Under the MPApp project settings, the path(s) to the VR Juggler C++ dependencies must be filled in.
This means setting paths to find headers and libraries. All the Visual C++ project files shipped with VR
Juggler refer to the VR Juggler C++ dependency installation viathe VJ_DEPS DI R environment vari-
able. If thisis not set or cannot be used, the paths must be filled in manually.

Once the program properties are set, compile the application. Under the Build menu, choose the Build
MPApp item as shown in Figure 4.4, “Build MPApp. exe”. Visua C++ will compile the application,
and if you have everything configured properly on your computer, the compiling will complete success-
fully.
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Figure 4.4. Build MPApp. exe
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For the remainder of this book, much of the discussion will concentrate on running applications from the

command line rather than from the Visual Studio GUI. Readers can follow whichever method they
prefer.
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Chapter 5. Running a VR Juggler
Sample Program

It isimportant to note that the same VR Juggler application can be run in simulator mode or in afull-
scale VR system with no modifications. What does change is the configuration files used when starting
the program. In $VJ_BASE_DI R/ shar e/ vrj uggl er/ dat a/ confi gFi | es, you can find many
basic configuration files including those for running in simulator using a mouse and keyboard to simu-
late VR input devices and some example files based on those used for the VRAC C4 system. In the dir-
ectory, you will see some files with names containing “mixin”. These are specid files that provide a spe-
cific capability not necessarily needed by all applications. They can be mixed in (hence the name) with
other configuration files as needed. The configuration filesfound in the conf i gFi | es directory will
be referenced in the examples provided, so be sure you know where they are.

Required Reading

Before reading any further, make sure you have aready read the instructions on how to install VR Jug-
gler (see Chapter 1, Installing VR Juggler) and on how to configure your environment (see Chapter 2,
Environment Variables). That information will not be repeated, and it is assumed that you already know
what wemean by VJ_BASE DI Rand LD_LI BRARY_PATH, to name two environment variables. At
this point, it is also assumed that you already have compiled an application (MPApp in the case of the
exampl es provided), so you should be sure to have read about how to compile a sample VR Juggler ap-
plication (in Chapter 4, Compiling a VR Juggler Sample Program) before proceeding.

Running an Application with a Simulator Con-
figuration

Running in “simulator mode” means that your input is simulated and your display windows may have
limited functionality. (By “simulated input”, we mean that input is provided through windows that take
keyboard and mouse input and translate that into transformations in the virtual world.) Simulator view-
ports are limited primarily in that they cannot display stereo graphics. It isimportant to note that a simu-
lator viewport is a specia kind of VR Juggler viewport within a display window. Instead of basing its
viewpoint on the head position of one of the users, the viewpoint is controlled by a separate camera that
isjust another positional device. Within asimulator viewport, VR Juggler draws certain objects to help
visualize the environment. For example, the heads of users are represented as blue ellipsoids with gray
eyes, and awand (if present) is drawn as a green pointing device. Besides these common simulator ob-
jects, display surfaces can be drawn. These represent projection screens or HMD viewing projections
and are drawn as translucent rectangles.

As mentioned, several simulator configuration files are provided with a VR Juggler distribution. These
files provide a complete simulation of an immersive environment. Please note that this documentation
reflects the state of the configuration files at the time the documentation was written. For more informa-
tion about the configuration files and how to view or modify the configuration, refer to the VRIConfig
Guide. (Using VRJIConfig is the best way to find out how a specific configuration fileis set up.) The
configuration files of interest for simulator mode are as follows:

* sim base. j conf - Thebasic configuration file needed by al applications when run in simulator
mode. It defines commonly used VR Juggler concepts that are beyond the scope of this particular
book. It also defines simulated head movement using the keyboard. For now, it is sufficient to know
that it is required to run the sample applications in simulator mode.

Thisfile aso contains the basic ssimulator display configuration file needed by all applications when
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run in simulator mode. It defines the display windows where the rendering magic occurs. Two simu-
lator display windows are configured by thisfile: asmall one that is active by default and alarger one
that isinactive initially.

* sim anal og. wandni xi n. j conf - A “mix-in” configuration file that defines simulated analog
input using the keyboard. Thisis only required for applications where analog input is used and needs
to be simulated when in simulator mode.

* sim anal og. i xi n. j conf - Thisversion of the analog simulator opens its own window. See
the previousfile (si m anal og. wandmi xi n. j conf ) for other details.

e simc6di spl ays. m xi n. jconf - A “mix-in" configuration file that defines the surface dis-
plays of VRAC's C6. Thisis not required for any application but can be used to test opening multiple
display windows (each containing either a surface or a simulator viewport) before running in a multi-
screen VR system.

e simdigital.glove. mxin.jconf -A“mix-in" configuration file that defines simulated di-
gital glove input using the keyboard. Thisis only required for applications where digital glove input is
used and needs to be simulated when in simulator mode.

e sim gl ove. m xi n.jconf - A“mix-in" configuration file that defines simulated gesture-based
gloveinput using the keyboard. Thisisonly required for applications where gesture-based glove input
is used and needs to be simulated when in simulator mode.

e simwand. m xi n. j conf - A “mix-in” configuration file that defines simulated wand input using
the mouse. Thisis only required for applications where wand input is used and needs to be simulated
when in simulator mode.

» standal one. j conf - A configuration file that stands on its own and combines the functionality of
si m base. j conf andsi m wand. nmi xi n. j conf . Notethat it uses asingle display window for
al input.

Note

At the time of thiswriting, this configuration file only works with OpenGL, OpenSG, and Open
Scene Graph applications on UNIX, Win32, and Mac OS X. It will not work with OpenGL Per-
former.

For the MPApp application, we need the base configuration file and the wand mix-in configuration file.

Starting the Application

Now it istime to run the application—finally! Make sure that all your environment variables are set
properly before trying to start the application. Once you are ready, specify the name of the application
and all the configuration files it needs. An example of thisis:

% MPApp si m base.jconf simwand. m xin.jconf

Y ou will notice that no paths are specified for finding the configuration files. The full paths to the con-
figuration filesis not necessary because the default search path will correctly find thesefilesin
$VJ_BASE DI R/ share/ vrj uggl er/ dat a/ confi gFi | es. Beginning users will typically want
to reference the example configuration filesin that directory. Asyou get more comfortable with VR Jug-
gler and its configuration system, you may want to make your own modified files and put them in the
directory $HOVE/ . vj confi g. The environment variable VJ_CFG_PATH s useful in providing a
search path for finding your configuration files. (Refer to the section called “ Optional Related Environ-
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ment Variables’ for moreinformation on using VJ_CFG_PATH). To simplify running applications, you
may want to make a shell script (or batch file as appropriate) that does all the work of passing configura-
tion files and common command-line arguments.

Asthe application starts, you will see a status output printed to the console (more or less depending on
how you have VPR_DEBUG_NFY_LEVEL, VPR_DEBUG_ALLOW CATEGCRI ES, and
VPR_DEBUG DI SALLOW CATEGORI ES set), and then one moderately sized simulator display win-
dow will open on the left side of your screen while three blank keyboard input windows open on the
right side of your screen. The display window will be titled “ SimWindow1", and the keyboard input
windows will betitled “Head Keyboard”, “Sim View Cameras Control” and “Wand Keyboard” (in order
from the top of the display to the bottom). Do not worry that the keyboard windows are black—that is
normal. The display window will have an animated blue mesh, a cyan ellipsoid, and a green pointer. The
mesh is what you have come to see; the ellipsoid is the user's head; and the pointer is the user's hand. In
Figure 5.1, “MPApp running on a Linux desktop with multiple input windows”, we show what this
looks on a RedHat Linux 7.2 desktop for comparison with what you are seeing. Note that the head and
wand are only rendered in the simulator windows. They are present because head and wand input are be-
ing simulated, and it is typically quite helpful to see the results of that simulated input. To exit the ap-
plication, press ESC in the window titled “Head Window”.

Figure5.1. MPApp running on a Linux desktop with multiple input windows

With VR Juggler 1.1/2.0, it is possible to use a single window for graphics and for input. To use such a
configuration, execute MPApp as follows:

% MPApp st andal one. j conf

Thistime, only a single window opens, as shown in Figure 5.2, “MPApp running on a Linux desktop
with one window”. It shows the same graphics as before, but now it is configured to take keyboard and
mouse input. To exit, press ESC in the graphics window.

Figure5.2. MPApp running on a Linux desktop with one window
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S dirs

Running an Application on Windows from Within Visual Studio

To run MPApp from within the Visual Studio IDE, the program arguments must be set first. Thisis done
by opening the properties dialog for the project. In this dialog box, choose the Debugging item. There
will be an empty text entry field under the heading Command Arguments. Here, enter the full paths to
the VR Juggler configuration files that will be used to run the torus application. To use the
VJ_BASE DI Renvironment variable (or any other environment variable), makefile syntax must be
used. In other words, to load sonef i | e. j conf, use

$(VI_BASE_DI R)\ share\vrjuggl er\data\ configFil es\sonefile.jconf.Aswas
stated above, the full path need not be specified, so referencing VJ_BASE DI Rin the path to the ex-
ample configuration files will not be necessary in most cases.. In Figure 5.3, “ Setting Command Argu-
ments’, we see the use of st andal one. j conf asthe single command argument to MPApp.

Figure 5.3. Setting Command Arguments
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With the application already compiled, execute the MPApp program by choosing the Start item from the
Debug menu, shown below in Figure 5.4, “Execute MPApp. exe”.

Figure 5.4. Execute MPApp. exe
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Running an Application on Mac OS X with the X Window System

Running a VR Juggler application on Mac OS X isdlightly different if VR Juggler was compiled against
X11 for OS X [http://www.apple.com/macosx/x11/]. Before starting the VR Juggler application, X11
must be running. This can be accomplished by double-clicking on the X11 icon in the Applications
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folder. By default, X11 will open a standard xterm when it starts. In this xterm, the $DI SPLAY environ-
ment variable will be set correctly, and it is recommended that VR Juggler applications be launched
from this xterm. From this xterm, set the necessary environment variables as described earlier in the sec-
tion called “Required Environment Variables’. Once this is done, the application can be executed from
the command line just as described in the previous section.

MPApp is shown executing on aMac OS X desktop in Figure 5.5, “MPApp running on Mac OS X using

X11 with one window” . Note that in the dock, the X11 icon is activated and that the application menu is
for an X11 application. Thistruly isan X11 application running on OS X.

Figure5.5. MPApp running on Mac OS X using X11 with one window

i B X1 Applications Edii  'Window Help
ﬂ D E %y i ndow

Basic Desktop Configuration Controls

So now you are probably wondering what you can do with this fancy application. Both of the preceding
configurations use the same keyboard/mouse mappings; they vary only in which windows accept the
keyboard and mouse input. Using the multi-window configuration, head movement is done with the key-
board in “Head Keyboard”; camera movement is done with the keyboard in “Sim View Cameras Con-
trol”; and wand movement is done with the keyboard and mouse in “Wand Keyboard”. Using the single-
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window configuration, all input is done with the keyboard and mouse in “ Sim Window”. Note, however,
that for the single-window configuration, the camerais attached to the user's head for an over-
the-shoulder view, and hence, it does not move separately from the head. For information on how to
verify these settings and to view the current configuration, refer to the VRIConfig Guide. The following
list of tables provides all the keyboard and mouse controls for the simulator when using these particular
configuration files. Note that it is possible to reconfigure the simulator to suit your preferences. Thisis

provided mainly for those who just want something that works now.

Table5.1. Moving the ssmulated head

Transformation Key Press

Move head backward 2 on keypad

Move head left 4 on keypad

Move head right 6 on keypad

Move head forward 8 on keypad

Move head down 7 on keypad

Move head up 9 on keypad

Turn head up CTRL+2 on keypad
Turn head left CTRL+4 on keypad
Turn head right CTRL+6 on keypad
Turn head down CTRL+8 on keypad
Rotate head clockwise 1 on keypad

Rotate head counter-clockwise 3 on keypad

Table5.2. Moving the smulated wand

Transfor mation

Mouse Input/K ey Press

Move wand backward

ALT+move mouse backward

Move wand forward

ALT+move mouse forward

Move wand | eft

CTRL +move mouse | eft

Move wand right

CTRL+move mouse right

Move wand up

CTRL +move mouse forward

Move wand down

CTRL+move mouse backward

Rotate wand left

SHIFT+move mouse | eft

Rotate wand right

SHIFT+move mouse right

Rotate wand up

SHIFT+move mouse backward

Rotate wand down

SHIFT+move mouse forward

Rotate wand clockwise

Right arrow

Rotate wand counter-clockwise

Left arrow

Wand button #1

L eft mouse button

Wand button #2 Middle mouse button
Wand button #3 Right mouse button
Wand button #4 4
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Transformation Mouse I nput/K ey Press
Wand button #5 5
Wand button #6 6

Table 5.3. Moving the camera (multi-window configuration only)

Transformation Key Press

Move camera backward 2 on keypad

Move camera left 4 on keypad

Move cameraright 6 on keypad

Move cameraforward 8 on keypad

Move camera down 7 on keypad

Move camera up 9 on keypad

Turn cameraup CTRL+2 on keypad
Turn camera left CTRL+4 on keypad
Turn cameraright CTRL+6 on keypad
Turn camera down CTRL+8 on keypad
Rotate camera clockwise 1 on keypad

Rotate camera counter-clockwise 3 on keypad

Before continuing on to running an application in afull-scale VR system, we provide two asides: using a
simulated glove and using a simulated anal og device. The examples provided thus far have not discussed
this because the information was not relevant to the particular sample application being used. Knowing
how to use these simulated devicesisimportant, however, and it is treated separately as areference for
your future endeavorsin running VR Juggler applications.

Using a Simulated Glove

If youincludethesi m gl ove. mi xi n. j conf file, your application will also have access to a simu-
lated glove, with position and gesture inputs. The glove is controlled by awindow titled “ Glove Key-
board” . Thiswindow lets you control the glove position and selected gesture. Movement control of the
glove uses the mouse and is the same as that of the wand. The mouse buttons are used to select gestures.
The mapping of the gesture numbers to actual hand positionsis controlled by the “training file” for the
sim glove. The default training fileis

$VJ_BASE DI R/ shar e/ vrj uggl er/ dat a/ gest ur e/ si npl eSi nGest ur es. dat .

Using a Simulated Analog Device

If youincludethesi m anal og. wandmi xi n. j conf file, your application will also have accessto a
set of four analog devices (devices with avalue in arange from 0.0 to 1.0). The analog devices are also
controlled using the “Wand Keyboard” window which means that their configuration file requires the
wand configuration file.

Note

A separatefile, si m anal og. i xi n. j conf , isprovided for analog input from a separate
simulator window.
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The key presses used for controlling the analog devices are listed in Table 5.4, “ Analog Device Simul at-
or Keys'.

Table 5.4. Analog Device Simulator Keys

Analog Device Action Key Press
VJAnalogO increase
VJAnalog0 decrease
VJAnaogl increase
VJAnalogl decrease
VJAnalog2 increase
VJAnalog2 decrease
VJAnaog3 increase
VJAnalog3 decrease

m| o Ol mlwnl S| >0

Running an Application in a VR System

Running an application full-scale in a VR system is more complicated than running in simulator mode.
Thereason for thisisthat VR systems tend to differ in configuration and in available hardware. VR Jug-
gler isflexible enough to handle most any configuration you throw at it, but those configurations need to
be put together first. Examples of configuration files used in VRAC's C4 system are provided, and they
are used in this documentation. It should be noted, however, that for any particular system, custom con-
figuration fileswill probably have to be written. The idea behind this section is to provide a basic under-
standing of what is needed to get started with running in aVR system.

The example configuration files in the directory
$VJ_BASE DI R/ shar e/ vrj uggl er/ dat a/ confi gFi | es modeled after those used for
VRAC's C4 system are as follows:

» C4.cl osed. j conf - Thesingle configuration file that includes the other configuration files neces-
sary for loading a VR Juggler application in the C4 in its closed configuration with full tracking and
stereoscopic graphics.

e C4.cl osed. nono. j conf - Thesingle configuration file that includes the other configuration files
necessary for loading a VR Juggler application in the C4 in its closed configuration with full tracking
and monoscopic graphics.

e C4. base. j conf - Thebasic configuration file needed by all applications when run in the C4. It
defines commonly used VR Juggler concepts that are beyond the scope of this particular book.

* C4.displ ays. cl osed. j conf - Thebasic display configuration file needed to run with all four
walls active and rendering stereoscopic graphics. This defines only the four surface displaysto be
opened. The corners are configured for the closed position of the moveable walls.

* C4.displ ays. cl osed. nono. j conf - The basic display configuration file needed to run with
all four walls active and rendering monoscopic graphics. This defines only the four surface displaysto
be opened. The corners are configured for the closed position of the moveable walls.

 C4.nstar.jconf - The Ascension MotionStar configuration file that defines which bird provides
input for the head and for the wand.
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» C4.rfwand. j conf - Theradio frequency wireless mouse that acts as a wand.

Running the application is the same as in simulator mode except that the configuration files given on the
command line are different. For example, to run MPApp in the C4 with stereoscopic graphics, the fol-
lowing command would be used:

% MPApp C4. cl osed. j conf
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Appendix A. 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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