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Chapter 1. Getting Started

In this book, we present a“how-to” for writing VR Juggler applications. We will explain concepts used
in VR Juggler and present carefully annotated example code whenever appropriate. There are two
groups of people who should read this book:

1. Those who are required to read it in order to do a project for work or school. To those in this cat-
egory, fear not—VR Juggler is very simple to use after getting through theinitial learning stages. It is
apowerful tool that will allow the creation of interesting and powerful applications very quickly.

2. Those who are just interested in creating compelling, interesting VR applications. VR Juggler facilit-

ates the construction of extremely powerful applications that will run on nearly any combination of
hardware architecture and software platform.

Necessary Experience

To help readers get the most from this book, recommendations follow to provide an idea of what previ-
ous experience is necessary. Various programming skills are needed, of course, but programming for
VR requires more than just knowledge of a given programming language. VR Juggler takes advantage
of many programming design patterns and advanced concepts to make it more powerful, more flexible,
and more extensible. A good background in mathematicsis helpful for performing the myriad trans-
formations that must be applied to three-dimensional (3D) geometry.

Required Background

To get the most from this chapter, there are afew prerequisites:

» C++ programming experience

» Some graphics programming background (e.g., OpenGL, OpenGL Performer, etc.)

» Reasonable mathematical background (linear algebra knowledgeis very useful)

For some of the advanced sections of this book, it is recommended that readers review the VR Juggler

architecture book. Thisis optional, though it may be helpful in gaining a quicker understanding of some
topics and concepts.

Other VR Software Tools

Readers who already have experience with other VR software devel opment environments can easily
skim through this book and find the relevant new information. The book is designed for easy skimming.
Simply look at the headings to get a good determination of what should be read and what may be
skipped.

Organization

This book is organized into three main parts:

1. Introduction: The introduction to the key VR Juggler application development concept, application
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objects. We also describe common helper classes that simplify the process of writing applications.

2. Writing applications: The presentation of application development including how to get input from
devices and how to write applications for each of the supported graphics application programmer in-
terfaces (APIS).

3. Advanced topics: An extension of the previous chapters showing how to incorporate run-time recon-
figuration into applications and how to write multi-threaded applications.




Chapter 2. Application Basics

In VR Juggler, all applications are written as objects that are handled by the kernel. The objects are
known as application objects, and we will use that term frequently throughout this text. Application ob-
jects are introduced and explained in this chapter.

Application Object Overview

VR Juggler uses the application object to create the VR environment with which the usersinteract. The
application object implements interfaces needed by the VR Juggler virtual platform.

No mai n() —*“Don't call me, I'll call you”

Since VR Juggler applications are objects, developers do not write the traditional mai n() function. In-
stead, devel opers create an application object that implements a set of pre-defined interfaces. The VR
Juggler kernel controls the application's processing time by calling the object's interface implementation
methods.

In traditional programs, the mai n() function defines the point where the thread of control enters the
application. After themai n() functionis called, the application starts performing any necessary pro-
cessing. When the operating system (OS) starts the program, it givesthe mai n() function some unit of
processing time. After the time unit (quantum) for the process expires, the OS performs what is called a
“context switch” to change control to another process. VR Juggler achieves similar functionality but in a
dightly different manner.

The application objects correspond to processes in anormal OS. The kernel isthe scheduler, and it -
locates time to an application by invoking the methods of the application object. Because the kernel has
additional information about the resources needed by the applications, it maintains a very strict schedule
to define when the application is granted processing time. Thisis the basis to maintain coherence across
the system.

Application Objects Derive from Base Classes for Spe-
cific Graphics APIs

Thefirst step in defining an application object isto implement the basic interfaces defined by the kernel
and the Draw Managers. Thereis abase class for the interface that the kernel expects (vr j : : App) and
abase class handled by each Draw Manager interface (vrj : : Pf App,vrj :: A App, etc.). See Fig-
ure2.1,“vrj : : App hierarchy” for avisual representation of the complete application interface hier-
archy. Theinterface defined invr j : : App specifies methods for initialization, shutdown, and execution
of the application. Thisisthe abstract type that is seen by the VR Juggler kernel. The Draw Manager in-
terfaces specified inthevr j : : * App classes define the API-specific functions necessary to render the
virtual environment. For example, an interface used by a Draw Manager could have functions for draw-
ing the scene and for initializing context-specific information.

Figure2.1.vrj : : App hierarchy




Application Basics

jecl:ConfigChunkHandler
vrj:App

+initvoid
+apilnit:void
+exitwvoid
+preFramevoid
+intraFrame:void

+postFrame:void

T 1

vijzGlApp vijzPfApp
+getDrawScaleFactor:float +initScene:void
+drawcvoid +getscene:pfGroup *
+contextinitvoid +drawChanvoid
+bufferPreDraw:void

T T

vrjz0sgApp vrjzOpensGApp
+initicene:void +initicene:void
+geticene:osg:Group ¥ +getsiceneRoot:050::NodePtr

Writing an Application Means Filling in the Blanks

To implement an application in VR Juggler, developers simply need to “fill in the blanks’ of the appro-
priate interfaces. To simplify this process, there are default implementations of most methods in the in-
terfaces. Hence, the user must only provide implementations for the aspects they want to customize. If
an implementation is not provided in the user application object, the default is used, but it isimportant to

7



Application Basics

know that in most cases, the default implementation does nothing.
Tip

When overriding a virtual method defined by a VR Juggler application class, it is best to call
the parent class method implementation before performing any application-specific processing.
For example, if a user-defined application object overridesvrj : : App: :init () intheclass
user App, the method user App: : i ni t () shouldinvokevrj:: App::init() before
performing its own initialization steps.

Benefits of Application Objects

As stated earlier, the most common approach for VR application development is one where the applica
tion definesthe mai n() function. That mai n() functionin turn calls library functions when needed.
(Thisisthe model followed by software packages such as the CAVElibs™ and the Diverse Toolkit.)
Thelibrary in thismodel only executes code when directed to do so by the application. As aresult, the
application developer is responsible for coordinating the execution of the different VR system compon-
ents. This can lead to complex applications.

Allow for Run-Time Changes

Asavirtual platform, VR Juggler does not use the model described above because VR Juggler needs to
maintain control of the system components. This control is necessary to make changes to the virtual
platform at run time. Asthe controller of the execution, the kernel always knows the current state of the
applications, and therefore, it can manage the run-time reconfigurations of the virtual environment
safely. With run-time reconfiguration, it is possible to switch applications, start new devices, reconfigure
running devices, and send reconfiguration information to the application object.

Low Coupling

Application objects lead to arobust architecture as a result of low coupling and well-defined inter-object
dependencies. The application interface defines the only communication path between the application
and the virtual platform, and this allows restriction of inter-object dependencies. This decreased coup-
ling allows changesin the system to be localized, and thus, changes to one object will not affect another
unless the interface itself is changed. The result is code that is more robust and more extensible.

Because the application is simply an object, it is possibly to load and unload applications dynamically.
When the virtual platform initializes, it waits for an application to be passed to it. When the application
is given to the VR Juggler kernel at run time, the kernel performs afew initialization steps and then ex-
ecutes the application.

Allows Implementation Changes

Since applications use a distinct interface to communicate with the virtua platform, changesto the im-
plementation of the virtual platform do not affect the application. Changes could include bug fixes, per-
formance tuning, or new device support.

Multi-Language Interaction

By treating applications as objects, we can mix programming languages in the VR Juggler kernel. For
example, an application object could be written in Python, C#, or even VB.NET, but the VR Juggler ker-
nel (written in standard C++) will still see it as an instance of the abstract interfacevr j : : App. Theuse
of application objects has allowed such extensions to VR Juggler to be written without requiring any
changesto VR Juggler.
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VR Juggler Startup

In this section, we describe one way to start VR Juggler. We will use the traditional nmai n() functionin
C++, but thisis not the only way to do it. We have written Python applications that start the VR Juggler
kernel, and it is possible to write a VR Juggler daemon that loads applications on demand at runtime. In
other words, the VR Juggler startup procedure is quite flexible, and we choose to focus on the simplest
method here.

No mai n() —Sort Of

Previously, we explained how VR Juggler applications do not have amai n() function, but further ex-
planation isrequired. While it is true that user applications do not have amai n() function because they
are objects, there must till beanmai n() somewhere that starts the system. This is because the operat-
ing system usesmai n() asthe starting point for all applications. In typical VR Juggler applications,
thereisamai n() , but it only startsthe VR Juggler kernel and gives the kernel the application to run. It
then waits for the kernel to shut down before exiting.

Structure of a mai n() Function

Thefollowing isatypical example of amai n() function that will start the VR Juggler kernel and hand
it an instance of a user application object. The specifics of what is happening in this code are described
below.

1 #include <vrj/Kernel/Kernel.h>
#i ncl ude <si npl eApp. h>

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

vrj::Kernel* kernel = vrj::Kernel::instance(); // Get the kernel

si mpl eApp* app = new si mpl eApp() ; /1l Create the app object
kernel - >l oadConfigFile(...); /1 Configure the kernel

kernel ->start (); /1 Start the kernel thread
ker nel - >set Appl i cati on(app); /1 Gve application to kernel
ker nel - >wai t For Ker nel St op() ; /1 Block until kernel stops

return O;

isline finds (and may create) the VR Juggler kernel. The kernel reference is stored in the handle
that we can useit later.

e instantiate a copy of the user application object (si npl eApp) here. Notice that we include the
er file that definesthe si nmpl eApp class.

is statement represents the code that will bein the mai n() function for passing configuration
tothekernel'sl oadConfi gFi | e() method. These configuration files may come from the
mmand line or from some other source. If reading the files from the command line, it can be as
simple as looping through all the arguments and passing each one to the kernel.

s aresult of this statement, the VR Juggler kernel begins running. It creates a new thread of exe-
ion for the kernel, and the kernel beginsitsinterna processing. From this point on, any changes
e reconfigure the kernel. These changes can come in the form of more configuration files or in
the form of an application object to execute. At this point, it isimportant to notice that the kernel
knows nothing about the application. Moreover, there is no need for it to know about configuration
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files yet. This demonstrates how the VR Juggler kernel executes independently from the user ap-
plication. The kernel will simply work on its own controlling and configuring the system even
without an application to run.
is statement finally tells the kernel what application it should run. The method call reconfigures
kernel so that it will now start invoking the application object's member functions. It is at this
e that the application is now running in the VR system.

Mac OS X Considerations

VR Juggler 2.2 introduces support for Cocoa on Mac OS X. Cocoaitself is quite different than the X11
or Win32 APIs asfar asrestrictions on threading and the implementation of the mai n() function. The
fundamental issue, however, isthat both the NSAppl i cat i on singleton object and the

vrj :: Kernel singleton object want to bein charge of application execution. A balance has been
struck that generally allows VR Juggler applicationsto look and act the same on Mac OS X as on any
other platform while still taking advantage of unique features that Cocoa and Mac OS X have to offer.

Application Bundles

First and foremost, when using a Cocoa-aware version of VR Juggler, applications have to be construc-
ted as bundles. The details of OS X application bundles are far beyond the scope of this document.
However, VR Juggler provides just about everything that is required to make an application bundle. This
makes sense because VR Juggler is an application framework that dictates how applications are written
and executed. Thus, it also provides the core information required for proper application construction
and execution on Mac OS X.

To get started, it is helpful to understand what the application bundle will look like when we have
everything in place. An application bundle is a directory structure with a special name. For example,
MPApp. app will show up in the Finder as an application named “MPApp” that can be double-clicked.
The name can contain spaces if so desired.

Under the base directory isthe Cont ent s subdirectory. It will contain thefiles| nf o. pl i st and
Pkgl nf o.

Next, there are two subdirectories Mac OS and Resour ces. Compiled binaries should normally go into
the Mac OS subdirectory. If nothing else, the bundle executable (the compiled application binary) must
go in the Mac OS directory. Shared libraries can go into the Resour ces directory if desired. Generally,
though, the Resour ces directory will contain platform-independent data files.

In the resources directory, there will be another subdirectory en. | pr oj ! which in turn contains

Mai nMenu. ni b from $VJ_BASE DI R/ shar e/ vrj uggl er/ dat a/ bundl e. Thisisacriticd
part of the application bundle, and it is very important that this NIB behave correctly. The NIB defines
the user interface for the VR Juggler application, and what is provided with VR Juggler is set up and
ready to go for the most common cases. It is possible to use adifferent Mai nMenu. ni b, but customiz-
ing it will require care.

The ability to customize the user interface of the VR Juggler application by using a different

Mai nMenu. ni b and a different application delegate (see the section called “Making a Custom
NSAppl i cat i on Delegate on Mac OS X”) makes VR Juggler on Mac OS X unique with re-
spect to other platforms. Whereas the user interface used with Microsoft Windows® and the X
Window System is essentially hard coded, the Mac OS X Cocoa interface has been designed with
flexibility in mind. Simply put, the Cocoa support in VR Juggler leverages the dynamic nature of
Cocoato provide features that are not so easily available on other platforms.

Thisisthe English language project data. Tranglations of Mai nMenu. ni b would go into the appropriate language-specific sub-
directory.

10
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| nfo. plist

The files and directories needed for application bundle creation can be found in the directory
$VJ_BASE DI R/ shar e/ vrj uggl er/ dat a/ bundl e. Thefirst of theseis Cont ent s/

I nfo. plist,thebasic property list for an application bundle. Open it with the Property List Editor
application and change the @\PP_ NAME@strings accordingly for the name of the application being con-
structed. For the CFBundl eExecut abl e property, be sure to change @GAPP_NANVE@to be the name
of the executable that will be in the Contents/MacOS directory. Other properties to change are those that
include copyright and version information.

Pkgl nfo

The contents of Cont ent s/ Pkgl nf o define the application bundle as an application bundle. The con-
tents of the file will often be APPL?7???, though other characters are allowed in place of the ??7?? part.

Resour ces Directory

The Cont ent s/ Resour ces directory contains data files related to application execution. Thefile
vrj uggl er. pli st, the use of which is highly recommended, must be put in this directory. The ap-
plication bundleicon file (afile with the extension . i cns) isalso stored in thisdirectory. A default
iconfile, vrj uggl er. i cns, can be used, or a custom one can be made. The file to use must be
named in Cont ent s/ I nfo. pli st.

vrijuggler.plist

For VR Juggler application bundles, auseful fileisvrj uggl er. pl i st . The default version of this
filefrom $VJ_BASE_DI R/ shar e/ vrj uggl er/ dat a/ bundl e disables VR Juggler configuration
file loading through NSAppl i cat i on channels and identifiesthe NSAppl i cat i on delegate class
type that will be used (see the section called “Making a Custom NSAppl i cat i on Delegate on Mac
OS X”). These are set using the properties VRIConf i gHandl i ng and VRIDel egat eCl ass re-
spectively.

The “ configuration file loading through NSAppl i cat i on channels’ bit hasto do with associating VR
Juggler configuration files with application bundles. There are different means by which data can be de-
livered to applications on Mac OS X. For example, double-clicking on afile in the Finder (or selecting
Open With in the context menu for the file) causes a registered handler application to be opened. The
fileis given to the application once it has opened through the NSAppl i cat i on event system. By set-
ting the VRIConf i gHandl i ng property tof al se in Cont ent s/ Re-

sources/ vrjuggl er. pli st thiscapability is disabled for the application bundle in question. That
is, the application bundle will ignore the NSAppl i cat i on events pertaining to configuration filesto
be loaded as aresult of double-clicking on the said files. Configuration files can still be opened on the
fly using the File menu defined in the default NIB (see below).

en. | proj Directory

Theen. | proj subdirectory of Cont ent s/ Resour ces contains information translated in the Eng-
lish language. The most important item in this directory is MainMenu.nib (discussed next), but the op-
tional file$VJ_BASE_DI R/ shar e/ vrj uggl er/ dat a/ bundl e/ | nf oPl i st. stri ngs, or
some other version of same, can be copied into this directory. Other language-specific directories can be
created as subdirectories of Cont ent s/ Resour ces as necessary. They, too, must contain a Mai n-
Menu. ni b.

Mai nMenu. ni b

Thisisthe NIB for the VR juggler application bundle. It has been designed using Interface Builder with
asimple user interface that knows how to interact with aVVR Juggler application. The interface includes
the File menu with the item for opening VR Juggler configuration files on the fly. Other menus and
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menu items can be added by making a custom MainMenu.nib. Using the version from

$VJ_BASE DI R/ shar e/ vrj uggl er/ dat a/ bundl e asastarting point isagood idea. Note that
Mai nMenu. ni b isadirectory, and it should be copied recursively to Cont ent s/ Re-
sources/en. | proj.

Application Execution

Themai n() function implementation show in the section called “ Structure of anai n() Function”
will work without any problems on Mac OS X. However, many of the VR Juggler sample and test ap-
plications have a slightly more complicated mai n() function. In particular, these applications usually
determine whether the user has passed in any arguments through the command line and exit with an er-
ror message explaining how to run the application if none were given. The example below shows how
thisis commonly donewith ani f statement before anything else:

1 @ nclude <iostreanp
#i ncl ude <cstdlib>
#i ncl ude <vrj/Kernel /Kernel.h>
#i ncl ude <si npl eApp. h>

5
int main(int argc, char* argv[])
if ( argc <=1)
{
10 std::cout << "Usage: " << argv|[O]
<< "cfgfile[O] cfgfile[l] ... cfgfile[n]"
<< std::endl;
std::exit(EXI T_FAl LURE);
}
15

vrj::Kernel* kernel
si npl eApp* app

ker nel - >l oadConfigFile(...); /1 Configure the kernel
20 kernel ->start(); /1 Start the kernel thread
1/
/1

vrj::Kernel::instance(); // Get the kernel
new si npl eApp(); /1 Create the app object

ker nel - >set Appl i cati on(app); G ve application to kernel
ker nel - >wai t For Ker nel St op() ; Bl ock until kernel stops

return O;
25}

This approach will not necessarily work on Mac OS X because users normally expect to be able to
launch an application by double-clicking onitsicon in the Finder and then loading datainto it through a
GUI. If auser launched the above application that way, the application would exit immediately, and the
user would have to open the Console application to find out what went wrong. Launching from the com-
mand line, while perfectly valid on Mac OS X, is simply not what users expect. At the sametime, re-
mote launching of VR juggler applicationsin a cluster will aimost certainly require launching without
the use of the Finder and passing in arguments through ar gv. Thisis definitely the case when using
Maestro [https://redlityforge.vrsource.org/trac/maestro/].

If aVR Juggler application will be run on Mac OS X, the programmer has to decide whether command
line processing is critical to the execution of the application. There are three options available to VR
Juggler programmers on Mac OS X: rely exclusively on command line arguments to launch, handle no
command line arguments, or allow the use of command line arguments but do not require them. Given
that VR Juggler applications written on all other platforms are highly likely to rely exclusively on com-
mand line arguments to launch, the first choice is expected to be the most commonly chosen approach.
Nevertheless, we will explain all three.

Relying Exclusively on Command Line Arguments to Launch
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If aVR Juggler application used on Mac OS X will rely solely on command line arguments to launch, it
is operating in exactly the same manner as on all other platforms. The mai n() function can be written
asis shown in this document to exit if no command line arguments are supplied. There is still one more
thing to do, though. In the Resour ces directory of the application bundle, there must be a property list
filein the bundle called Cont ent s/ Resour ces/ vrj uggl er. pl i st. Thisproperty list must have
the property VRIConf i gHandl i ng settof al se. Thisisthe default setting for this property if the
vrjuggl er. pli st filethat comeswith VR Juggler was used in constructing the application bundle.

To execute the application, run the program in <appnane>. app/ Cont ent s/ Mac OS from a com-
mand prompt and pass in the command line arguments. The appropriate event handling will be set up so
that the application will behave just as any other Mac OS X application.

Handling No Command Line Arguments at Launch Time

If no command line arguments are to be handled (i.e., the application isto behave the same as typical
Mac OS X applications), then the mai n() function shown above needs to change. Specificaly, it can-
not exit with an error message if no command line arguments are passed in. To keep the application
portable, a preprocessor conditional can be used, as shown in Example 2.1, “Ignoring Command Line
Arguments on Mac OS X”. Then, in Cont ent s/ Resour ces/ vrj uggl er. pli st, set the VRI-
Conf i gHandl i ng property tot r ue. To execute the application, double-click the application bundle
icon in the Finder or use the open command from a command prompt.

Example 2.1. Ignoring Command Line Argumentson Mac OS X

1 @ nclude <iostreanp
#i ncl ude <cstdlib>
#i ncl ude <vrj/Kernel/Kernel.h>
#i ncl ude <si npl eApp. h>

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

[
{
#if | defined(VRI_USE COCOA)
if ( argc <= 1)
10 {

std::cout << "Usage: " << argv[O0]
<< "cfgfile[0] cfgfile[l] ... cfgfile[n]"
<< std::endl;

std::exit(EXI T_FAl LURE);

15 }
#endi f
vrj::Kernel* kernel = vrj::Kernel::instance(); // Get the kernel
si pl eApp* app = new si npl eApp(); /1 Create the app object
20
#if ! defined(VRI_USE_COCQA)
kernel - >l oadConfigFile(...); /1 Configure the kernel
#endi f

Start the kernel thread
G ve application to kernel
Bl ock until kernel stops

kernel ->start();
25 ker nel - >set Appl i cati on(app);
ker nel - >wai t For Ker nel St op() ;

~ I~
~ I~

return O;

Allowing Optional Use of Command Line Arguments

A compromise can be struck between the previous two options by allowing optional use of command
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line arguments. The compromiseis simple: do not require command line arguments but still handle them
if they are given. The form of the main() function that allows thisis shown in Example 2.2, “Handling
Optional Command Line Arguments on Mac OS X”. Note that the #i f around the call to
vrj::Kernel::loadConfigFil e() hasbeenremoved.

Example 2.2. Handling Optional Command Line Argumentson Mac OS X

1 @ nclude <iostreanp
#i ncl ude <cstdlib>
#i ncl ude <vrj/Kernel/Kernel.h>
#i ncl ude <si npl eApp. h>
5
nt main(int argc, char* argv[])

[
{
#if ! defined(VRI_USE_COCQA)
if ( argc <=1)
10 {

std::cout << "Usage: " << argv|[O]
<< "cfgfile[O] cfgfile[l] ... cfgfile[n]"
<< std::endl;
std::exit(EXI T_FAl LURE);
15 }
#endi f

vrj::Kernel* kernel = vrj::Kernel::instance(); // Get the kernel
si npl eApp* app = new si npl eApp(); /1 Create the app object
20
kernel - >l oadConfigFile(...); /1 Configure the kernel
kernel ->start(); /1 Start the kernel thread
ker nel - >set Appl i cati on(app); /1 Gve application to kernel
ker nel - >wai t For Ker nel St op() ; /1 Block until kernel stops
25
return O;
}

The only decision left to make iswhat value to use for the VRIConf i gHandl i ng property in Con-
tent s/ Resources/vrjuggler.plist.Ifwesetittof al se (recall that that isthe default in the
$VJ_BASE DI R/ shar e/ vrjuggl er/ dat a/ bundl e/ vrj uggl er. pli st version), the applic-
ation cannot be used as a handler for VR Juggler configuration files. If we set it to true, we have to be
prepared for configuration files to come in other than through the command line or through the use of
the File menu. The default NSAppl i cat i on delegate (VRIBasi cDel egat e) can deal with either
case. The default behavior for VR Juggler sample applicationsisto allow configuration files to be spe-
cified on the command line through the use of amai n() function similar to that shown in Example 2.2,
“Handling Optional Command Line Arguments on Mac OS X” and to leave the property VRJ Con-

fi gHandl i nginCont ents/ Resources/vrjuggler.plist settof al se.

Kernel Loop

Before proceeding into application object details, we must understand how VR Juggler calls the applica-
tion, and we must know what a frame is. In the code above, the statement on line 9 tells the kernel thread
to start running. When the kernel begins its execution, it follows the sequence shown in Figure 2.2,
“Kernel loop sequence’. The specific methods called are described in more detail in the following sec-
tion. This diagram will be useful in understanding the order in which the application object methods are
invoked.
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Figure 2.2. Kernel loop sequence
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Definition of a Frame

The VR Juggler kernel calls each of the methods in the application object based on a strictly scheduled
frame of execution. The frame of execution is shown in Figure 2.2, “Kernel loop sequence”; it makes up
all the lines within the “while(!quit)” clause.
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During the frame of execution, the kernel calls the application methods and performsinterna updates
(theupdat eAl | Dat a() method call). Because the kernel has complete control over the frame, it can
make changes at pre-defined “ safe” times when the application is not doing any processing. At these
times, the kernel can change the virtual platform configuration as long as the interface remains the same.

The frame of execution also serves as a framework for the application. That is, the application can ex-
pect that when pr eFr ane() iscalled, the devices have just been updated. Applications can rely upon
the system being in well-defined stages of the frame when the kernel invokes the application object's
methods.

Base Application Object Interface

Within this section, we provide a brief overview of the member functions from the base VR Juggler ap-
plication interface. Thisinterfaceis defined by vr j : : App, and the member functions are shown in Fig-
ure 2.3, “Application object interface”. Refer to Figure 2.2, “Kernel loop sequence” for a visual present-
ation of the order in which the methods are invoked.

The base interface of the application object defines the following functions:

s init()

api I nit()

preFrame()

i ntraFrame()

e post Frane()

As previously described, the VR Juggler kernel calls these functions from its control loop to alocate
processing time to them. These functions handle initialization and computation. Other member functions

that can be used for reconfiguration, focus control, resetting, and exiting will be covered later in this
book.

Figure 2.3. Application object interface
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jecl::ConfigChunkHandler
vrjApp

vrjzGlApp

+initvoid

+apilnit:void +getDrawscaleFactor:float
+exitvoid <1 +draw-void

+preframe:void +contextinitvoid

+intraFrame:void +bufferPreDraw:void

1

userOglApp

+postFrame:void

+init:void
+apilnitvoid
+preFrame void
+intraFrame:void
+postFrame:void
+bufferPreDraw:void
+draw:void

+contextinitvoid

Initialization

The following is a description of the application objects related to the initialization of aVR Juggler ap-
plication. The order of presentation is the same as the order of execution when the application is ex-
ecuted by the kernel.

vrj i App::init()

Thei ni t () method iscalled by the kernel to initialize any application data. When the kernel prepares
to start anew application, it first calsi ni t () to signal the application that it is about to be executed.
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Timing

This member function is called immediately after the kernel istold to start running the application and
before any graphics API handling has been started by VR Juggler.

Uses

Typical applicationswill utilize this method to load data files, create lookup tables, or perform some
steps that should be done only once per execution. In other words, this method is the place to perform
any pre-processing steps needed by the application to set up its data structures.

vrj::App::apilnit()

This member function is for any graphics API-specific initialization required by the application. Data
members that cannot be initialized until after the graphics APl is started should be initialized here.

Note

In OpenGL, thereis no concept of initializing the API, so this method is normally empty in
such applications.

Timing

This member function is called after the graphics API has been started but before the kernel frameis
started.

Uses

In most cases, scene graph loading and other API-specific initialization should be donein this method.

Frame Functions

Once the application object has been initialized by the VR Juggler kernel, the kernel frame loop begins.
Each frame, there are specific application object methods that are invoked, and understanding the timing
and potential uses of these methods can improve the functionality of the immersive application. In some
cases, it is possible to use these member functions to optimize the application to improve the frame rate
and the level of interactivity.

vrj:: App: : get DrawScal eFactor ()

Asof VR Juggler 2.0 Alpha 1, applications can specify the units of measure that are the basis for the
graphics they render. The default unit of measure is feet (identified by the constant scale factor gad-
get: : PositionUnitConversion:: Convert ToFeet ) to maintain backwards compatibility
with the previous VR Juggler semantics. By overriding this method, applications can identify the unit of
measure they expect. The default implementation is the following:

float vrj::App::getDrawScal eFactor ()
{

return gadget:: PositionUnitConversion:: Convert ToFeet;

Overriding this method means changing the rendering scale factor used by the VR Juggler Draw Man-
agers. The current list of constants (defined in gadget / Posi -
tion/ PositionUnitConversion. h)isasfollows:
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» gadget:: PositionUnitConversion:: Convert ToFeet

e gadget:: PositionUnit Conversion:: Convert Tol nches

e gadget:: PositionUnitConversion::Convert ToMeters

e gadget: : PositionUnitConversion:: Convert ToCentineters

Because the value returned is simply a scaling factor, user applications can define whatever units they

want. Note that internally, VR Juggler istreating al units as meters, so the scaling factor converts from
meters to the desired units.

vrj:: App: : preFranme()

Timing

Uses

Thepr eFr anme() method is called when the system is about to trigger drawing. Thisisthe time that
the application object should do any last-minute updates of data based on input device status. It is best to
avoid doing any time-consuming computation in this method. The time used in this method contributes
to the overall device latency in the system. The devices will not be re-sampled before rendering begins.

This method is called before triggering rendering of the current frame.

In general, this method should be reserved for “last-millisecond” data updates in response to devicein-
put (latency-critical code).

vrj::App::IlatePreFrane()

Timing

Uses

Thel at ePr eFr ame() method iscaled after pr eFr ame() and after shared application-specific
datais synchronized among the cluster nodes (see the section called “ Cluster Application Programming”
for more details) but before the scene is rendered. Scene graph-based application objects making use of
application-specific datain a cluster configuration should perform scene graph updates based on the
most recently received copy of the shared application data. Application objects not using a scene graph
can make state updates in this method or in the rendering method (dr aw( ) in the case of

vrj :: d App). Thewriter node must have written to the shared application datain pr eFr ame() to
minimize the latency of the data.

This method is called after application-specific datais sychronized among the cluster nodes but before
triggering rendering of the current frame.

When using shared application-specific data with a scene-graph based application object in a cluster
configuration, the nodes that read from the shared data (those where

cluster:: UserData<T>::isLocal () returnsfase) should perform state updates based on the
freshly received update to the shared data.

vrj::App::intraFranme()

The code in this method executes in parallel with the rendering method. That is, it executes while the
current frame is being drawn. Thisis the place to put any processing that can be done in advance for the
next frame. By doing parallel processing in this method, the application can increase its frame rate be-
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cause drawing and computation can be parallelized. Special care must be taken to ensure that any data
being used for rendering does not change while rendering is happening. One method for doing thisis
buffering. Use of synchronization primitivesis not recommended because that technique could lower the
framerate.

This method is invoked after rendering has been triggered but before the rendering has finished.

The primary use of this method is performing time-consuming computations, the results of which can be
used in the next frame.

vrij:: App:: postFrane()

Timing

Uses

Finally, thepost Fr ane() method is available for final processing at the end of the kernel frame loop.
Thisisagood place to do any data updates that are not dependent upon input data and cannot be over-
lapped with the rendering process (seethe discussiononvrj : : App: : i ntraFrane() above).

This method is invoked after rendering has completed but before VR Juggler updates devices and other
internal data.

Some possible uses of this method include “ cleaning up” after the frame has been rendered or synchron-
izing with external networking or computational processes.

Draw Manager-Specific Application Classes

Beyond the basic methods common to all applications, there are methods that are specific to agiven
Draw Manager. The application classes are extended for each of the specific Draw Managers. The
graphics API-specific application classes derivefrom vr j : : App and extend this interface further. They
add extra“hooks’ that support the abilities of the specific API.

OpenGL Application Class

The OpenGL application base class adds several methods to the application interface that allow render-
ing of OpenGL graphics. The extensionsto the basevr j : : App class are shown in Figure 2.4,

“vrj:: G App interface extensionstovr j : : App”. In the following, we describe the method
vrj::d App::draw(),the most important element of the interface. More details about the

vrj :: d App classare provided in the section called “OpenGL Applications’, found in Chapter 4, Ap-
plication Authoring Basics.

Figure2.4.vrj :: A App interface extensionstovrj : : App
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vrfoGla
jecl::ConfigChunkHandler ! pp
vrjzApp
+getDrawscaleFactor:float
. . +draw:void
+initvoid
e ——— +contextinitvoid
+apilnitvoid
o +contextClosevoid
+exitwvoid

) +contextPreDraw void
+preFramevoid

. . +contextPostDraw:void
+intraFrame:void

) + bufferPreDraw:void
+postFrame:void

+pipePreDraw:void

vrj::d App::draw)

The “draw function” is called by the OpenGL Draw Manager when it needs to render the current scene
in an OpenGL graphics window. It is called for each active OpenGL context.

OpenGL Performer Application Class

The OpenGL Performer application base class adds interface functions that deal with the OpenGL Per-
former scene graph. Some of the interface extensions are shown in Figure 2.5, “vr j : : Pf App interface
extensionstovrj : : App”. Thefollowing isadescription of only two methodsinthevrj : : Pf App in-
terface. More detailed discussion on this class is provided in the section called “ OpenGL Performer Ap-
plications’, found in Chapter 4, Application Authoring Basics.

Figure25.vrj : . Pf App interface extensionstovrj : : App
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jeel::ConfigChunkHandler
vrj:App

+initvoid
+apilnitvoid
+exitvoid
+preFramevoid
+intraFrame:void

+postFrame:void

vrj:PfA
y PP userPfApp

+initScene:void . .
+init:void

+preForklnit:void o _
+apilnitvoid

+appChanFuncvoid _

] +preFramevoid

+getScene pfGroup * _ _
+intraFrame:void

+configPWin:void _
+postFrame:void

+drawChan:void o _
+initScene: vaid

+preDrawChan:void _
+getScenevoid

+postDrawChan:void

vrj::PfApp::initScene()

Thei ni t Scene() member function is called when the application should create the scene graph it
will use.
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vrj:: PfApp:: get Scene()

Theget Scene() member function is called by the Performer Draw Manager when it needs to know
what scene graph it should render for the application.

23



Chapter 3. Helper Classes

Within this chapter, we present information on some helper classes that are provided for use with VR
Juggler. These classes are intended to make it easier for application programmers to write their code. Ul-
timately, we want application programmers to focus more on compelling immersive content and less on
the many details that are involved with 3D graphics programming. The classes presented in this chapter
focus on mathematical computations and on input from hardware devices. VR Juggler uses the Graphics
Math Template Library or GMTL (part of the Generic Graphics Toolkit [http://ggt.sf.net/] software) for
mathematical computation. An overview of the most commonly used GMTL data types and operations
is presented here. In addition to the GMTL operations, specia attention is paid to Gadgeteer, the input
system used by VR Juggler, and its device interfaces and device proxies.

Thegntl::Vec<S, T> Helper Class

This section isintended to provide an introduction to how the helper classgnt | : : Vec<S, T> works
and how it can be used in VR Juggler applications. It begins with a high-level description of the classes
which forms the necessary basis for understanding them in detail. Then, examples of how to use all the
available operations in the interfaces for these classes are provided. It concludes with a description of
the internal details of the classes.

High-Level Description

Theclassgmnt | : : Vec<S, T> isdesigned towork the same way as a mathematical vector, typically of
3 or 4 dimensions. There are predefined vector types that would normally be used in a VR application
that are provided for convenience. That is,agmt | : : Vec3f object can be thought of as avector of the
form<x,y, z>. Similarly, agnt | : : Vec4f can bethought of as avector of the form <x, y, z, w>. An
existing understanding of mathematical vectorsis sufficient to know how these classes can be used. The
guestion then becomes, how are they used? We will get to that later, and readers who have experience
with vectors can skip ahead. If vectors are an unfamiliar topic, it may be convenient to think of these
classes as three- and four-element C++ arrays of floats respectively. Most benefits of the vector concept
are lost with that simpler idea, however. Therefore, if the reader needs to think of them as arrays, then
arrays should probably be used until vectors feel more comfortable. Once the use of vectors seems fa-
miliar and straightforward, readers are encouraged to come back and read further.

Vectors are typically used to contain spatial data or something similar. For convenience, however, they
can be visualized as a more general -purpose container for numerical data upon which well-defined oper-
ations can be performed. There is no need to constrain thinking of them as only holding the coordinates
for some point in space or some other limited-scope use. The GMTL vectors use by VR Juggler retain
this generality and can be used wherever vectors come in handy.

gntl::Vec3f andgntl :: Vec4f, as specific implementations of mathematical vectors, hide vector
operations on single-precision floating-point numbers (float) behind a simple-to-use interface. For a
single vector, the following standard vector operations are available:

* Inversion (changing the sign of al elements)

* Normalization

 Calculation of length

* Multiplication by a scalar

 Division by ascalar
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» Conversion to a Performer vector

For two vectors, the following operations can be performed:

e Assignment

Equality/inequality comparison
Dot product

 Cross product

Addition

Subtraction

Using GMTL vectors should be straightforward if readers understand these operations and keep in mind
thatgnt | :: Vec3f andgnt | :: Vec4f canbethought of at thishigh level.

Using gnt | :: Vec3f and gnt | :: Vec4f

With an understanding of these classes as standard mathematical vectors, it istime to learn how to deal
with them at the C++ level. In some cases, the mathematical operators are overloaded to simplify user
code; in other cases, a named method must be invoked on an object. Before any of that, however, make
sure that the source fileincludesthe gnt | / Vec. h header file. From here on, the avail able operations
are presented in the order they were listed in the previous section. We begin with creating the objects
and setting their values.

Creating Vectors and Setting Their Values

Before doing anything with vectors, some must be created. The exampleshereusegnt | : : Vec3f , but
the exampleis equally applicabletognt | : : Vec4f . Tocreateagnt | : : Vec3f , use the default con-
structor which initializes the vector to <0.0, 0.0, 0.0>:

gntl::Vec3f vecl;

After creating the vector vecl, its elements can be assigned values al at once as follows:

vecl.set(1.0, 1.5, -1.0);

or individually:

vecl[ 0]
vecl[ 1]
vecl[ 2]

o
I

Note that in the last example, the individual elements of the vector can be accessed exactly aswith a
normal array. To do the above steps al at once when the vector is created, give the element values when
declaring the vector:

gntl::Vec3f vecl(1.0, 1.5, -1.0);
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All of the above code has exactly the same results but accomplishes them in different ways. This flexib-
ility isjust one of the waysthat GMTL vectors are more powerful than C++ arrays (of the same size, of
COUrse).

Inversion (Finding the Negative of a Vector)

Once a vector is created, the simplest operation that can be performed on it isfinding itsinverse. The
following code demonstrates just that:

gntl::Vec3f vecl(1.0, 1.5, -1.0), vecZ2;
vec2 = -vecl;

The vector vec2 now hasthevalue <-1.0, -1.5, 1.0>. That is all thereisto it. (Readersinterested in de-
tails should note that the above does a copy operation to return the negative values.)

Normalization

Normalizing a vector is another simple operation (at the interface level anyway). The following code
normalizes a vector:

gntl::Vec3f vecl(1.0, 1.5, -1.0);

gntl::normalize( vecl );

The vector vec1 is now normalized. Clean and simple.

Besides normalizing a given vector, a vector can be tested to determineif it has already been normal-
ized. Thisis done as follows (assuming the vector vec has aready been declared before this point):

if ( gntl::isNormalized( vecl ) )

/! Go here if vec is nornalized

Length Calculation

Part of normalizing a vector requires finding its length first. To get avector's length, do the following:

gntl::Vec3f vecl(1.0, 1.5, -1.0);
float |ength;

length = gntl::length( vecl );

In this case, length is assigned the value 2.061553 (or more accurately, the square root of 4.25). Finding
the length of a vector appears simple from the programmer's perspective, but it has some hidden costs.
Namely, it requires a square root calculation. For optimization purposes, GMTL provides afunction
caledgnm | :: | engt hSquar ed() that returns the length of the vector without calculating the square
root.

Multiplication by a Scalar

The GMTL vector classes provide an easy way to multiply avector by ascalar. There are several ways
to do it depending on what is required. Examples of each method follow.

26



Helper Classes

To multiply avector by ascalar and store the result in another vector, do the following:
gntl::Vec3f vecl(1.0, 1.5, -1.0), vecZ;

vec2 = 3 * vecl;

(The order of the factorsin the multiplication can be swapped depending on preference or need.) Here,
vec?2 getsthevaue <3.0, 4.5, -3.0>.

To multiply avector by ascalar and store the result in the same vector, do the following:
gml::Vec3f vecl(1.0, 1.5, -1.0);

vecl *= 3;

After this, vec1 hasthe value <3.0, 4.5, -3.0>.

Division by a Scalar

Very similar to multiplying by a scalar, division by scalarsis also possible. While the examples are al-
most identical, they are provided here for clarity.

To divide avector by a scalar and store the result in another vector, do the following:

gntl::Vec3f vecl(1.0, 1.5, -1.0), vecZ2;

vec2 = vecl / 3;

Here, vec2 getsthe value <0.333333, 0.5, -0.333333>. Note that the scalar must come after the vector
because the operation would not make sense otherwise.

To divide avector by a scalar and store the result in the same vector, do the following:

gml::Vec3f vecl(1.0, 1.5, -1.0);

vecl /= 3;

After this, vec1 hasthe value <0.333333, 0.5, -0.333333>.

Converting to an OpenGL Performer Vector

SGI's OpenGL Performer likes to work with its own pf Vec 3 class, and to facilitate the use of it with
gnt | :: Vec3f, two conversion functions are provided for convertingagnt | : : Vec3f toapf Vec3
and vice versa. Thefirst works as follows:

gnml::Vec3f vj_vec;
pf Vec3 pf_vec;

/1 Do stuff to vj_vec...
pf _vec = vrj::GetPfVec(vj_vec);

wherevj _vec ispassed by reference for efficiency. (pf _vec getsacopy of apf Vec3.) To convert a
pf Vec3toagnt | :: Vec3f, dothefollowing:
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pf Vec3 pf_vec;
gntl::Vec3f vj_vec;

/1 Do stuff to pf_vec...
vj _vec = vrj::GetVj Vec(pf_vec);

Here again, pf _vec is passed by reference for efficiency, and vj _vec getsacopy of a
gnt | : : Vec3f . Both of these functions are found in the header vrj / Draw/ Pf/ Pf Util . h.

Assignment

We have aready demonstrated vector assignment, though it was not pointed out explicitly. It works just
as vector assignment in mathematics. The C++ code that does assignment is as follows:

gntl::Vec3f vecl(1.0, 1.5, -1.0), vecZ2;
vec2 = vecl,

After the assignment, vec2 hasthe value <-1.0, -1.5, 1.0>. Tada! Note that thisis a copy operation
which isthe case for all the types of assignments of GMTL vectors.

Equality/Inequality Comparison

To compare the equality of two vectors, there are three available methods (oneis just the complement of
the other, though):

gntl::Vec3f vecl(1.0, 1.5, -1.0), vec2(1l.5, 1.0, -1.0);
if ( gntl::isEqual (vecl, vec2) )

/1 Go here if vecl and vec2 are equal .

or
gntl::Vec3f vecl(1.0, 1.5, -1.0), vec2(1l.5, 1.0, -1.0);
if ( vecl == vec2)
} /! Go here if vecl and vec2 are equal
or
gntl::Vec3f vecl(1.0, 1.5, -1.0), vec2(1.5, 1.0, -1.0);
if ( vecl != vec2)

/1 CGo here if vecl and vec2 are not equal

}

Choose whichever method is most convenient.

Dot Product
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Given two vectors, finding the dot product is often needed. GMTL vectors provide away to do this
quickly so that programmers can save themselves the time of typing in the formula over and over. It
works as follows:

gntl::Vec3f vecl(1.0, 1.5, -1.0), vec2(1l.5, 1.0, -1.0);
fl oat dot product;

dot _product = gntl::dot(vecl, vec2);

Now, dot _pr oduct hasthevalue4.0.

Cross Product

Besides the dot product of two vectors, the cross product is another commonly needed result. It is calcu-
lated thugly:

gntl::Vec3f vecl(1.0, 1.5, -1.0), vec2(1l.5, 1.0, -1.0), vecs3;

vec3 = gntl::cross(vecl, vec2);

Theresultisthat vec 3 getsacopy of vecl crossvec?2.

Addition

Adding two vectors can be done one of two ways. The first method returns a resulting vector, and the
second method performs the addition and stores the result in the first vector.

gntl::Vec3f vecl(1.0, 1.5, -1.0), vec2(1l.5, 1.0, -1.0), vecs3;

vec3 = vecl + vec2;

Now, vec3 hasthevaue <25, 2.5, -2.0>.
gntl::Vec3f vecl(1.0, 1.5, -1.0), vec2(1l.5, 1.0, -1.0);

vecl += vec2;

Thistime, vec1 hasthevalue<2.5, 2.5, -2.0>.

Subtraction

Subtracting two vectors gives the same options as addition, and while the code is nearly identical, it is
provided for the sake of clarity.

gnl::Vec3f vecl(1.0, 1.5, -1.0), vec2(1.5, 1.0, -1.0), vecs3;

vec3 = vecl - vec2;

Now, vec3 hasthe vaue <-0.5, 0.5, 0.0>.
gntl::Vec3f vecl(1.0, 1.5, -1.0), vec2(1l.5, 1.0, -1.0);

vecl -= vec?2;
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Inthiscase, vec 1 hasthe value <-0.5, 0.5, 0.0>.

Full Transformation by a Matrix

It is often helpful to apply atransformation to avector. Transformations are represented by a matrix, so
it is necessary to multiply a matrix and avector. Thefunctiongnt | : : xf or m() doesthisjob. For the
following example, assumethat thereisagnt | : : Mat ri x44f transformation matrix xf or m_mat :

gntl::Vec3f vec(1.0, 1.0, 1.0), result_vec;

gnl::xformresult_vec, xformnat, vecl);

Depending on the transformations contained within xf or m_mat , r esul t _vec will be transformed
fully. The operation as a mathematical equation would be:

T Tl N o, T
' Lk )

whereV and V' are vectors and M is a 4x4 transformation matrix.

The Gory Detalils

Thedetailsbehindgnt | : : Vec3f andgnt | : : Vec4f redly arenot all that gory. Internally, they are
represented as three- and four-element arrays of floats respectively. Access to these arrays is provided
through the member function get Dat a( ) . For example, this access can be used in the following way:

gntl::Vec3f pos(4.0, 1.0982, 10.1241);

gl Vert ex3fv(pos. getData());

Granted, this particular example israther silly and much slower than just listing the values as the indi-
vidual argumentsto gl Ver t ex3f (), but it should get the point across.

In general, the get Dat a() member function should be treated very carefully. Accessto it is provided
mainly so that operations similar to this example can be performed quickly. An example of abusing ac-

cesstoget Dat a() follows:

gntl:: Vecdf my_vec;

ny_vec.getData()[0] = 4.0;
ny_vec.getData()[1] = 1.0982;
ny_vec.getData()[2] = 10.1241;
my_vec.getData()[3] = 1.0;

Do not do this. It can be confusing to readers of the code who do not necessarily need to know the de-
tails of the internal representation. Instead, use one of the methods described above for creating vectors
and assigning the elements values.

Thegnt!l:: Matri x44f Helper Class

This section isintended to provide an introduction into how the helper classgnt | : : Mat ri x44f
works and how it can be used in VR Juggler applications. It begins with a high-level description of the
class, which forms the necessary basis for understanding it in detail. Then, examples of how to use al
the available operations in the interfaces for the class are provided. It concludes with a description of the
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internal C++ detailsof gnt | : : Mat ri x44f .

High-Level Description

Abstractly, gnt | : : Mat ri x44f represents a4x4 matrix of single-precision floating-point values. The
class includes implementations of the standard matrix operations such as transpose, scale, and multiply.
More specificaly, it is a mechanism to facilitate common matrix operations used in computer graphics,
especially those associated with atransform matrix. On the surface, it is nearly identical to a4x4 C++
array of floats, but there is one crucial difference: agnt | : : Mat ri x44f keepsitsinternal matrix in
column-major order rather than in row-major order. More detail on thisis given below, but thisis done
because OpenGL maintains its internal matrices using the same memory layout. At the conceptual level,
this does not matter—it isrelated only to the matrix representation in the computer's memory. Access to
the elementsis still in row-major order. In any case, understanding how C++ multidimensional arrays
work means understanding 90% of what thereisto know about gnt | : : Mat r i x44f . The class
provides a degree convenience not found with anormal C++ array, especialy when programming with
OpenGL. The complications surrounding thegmt | : : Mat ri x44f classareidentical to those with
OpenGL matrix handling, and with an understanding of that, then all that isleft to learn is the interface
of gnt|:: Matrix44f.

As arepresentation of mathematical matrices, gnt | : : Mat ri x44f implements several common oper-
ations performed on matrices to relieve the users of some tedious, repetitive effort. The general mathem-
atical operations are:

» Assignment

» Equality/inequality comparison

» Transposing

* Finding theinverse

» Addition

 Subtraction

» Multiplication

» Scaling by ascalar value
The operations well-suited for use with computer graphics are:

» Creating an identity matrix quickly

e Zeroing amatrix in asingle step

» Creatingan XYZ,aZYX, or aZXY Euler rotation matrix
 Constraining rotation about a specific axis or axes

» Making amatrix using direction cosines

» Making amatrix from a quaternion

» Making arotation transformation matrix about asingle axis

» Making atrandlation transformation matrix
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» Making a scale transformation matrix
* Extracting specific transformation information

» Converting to an OpenGL Performer matrix

What is presented here involves some complicated concepts that are far beyond the scope of this docu-
mentation. Without an understanding of matrix math (linear algebra) and an understanding of how trans-
formation matrices work in OpenGL, this document will not be very useful. It is highly recommended
that readers be familiar with these topics before proceeding. Otherwise, with this high-level description
in mind, we now continue onto explainthegnt | : : Mat ri x44f classat the C++ level.

Using gnt | : : Mat ri x44f

Keeping the idea of a normal mathematical matrix in mind, we are now ready to look at the C++ use of
thegnt | : : Mat ri x44f class. Most of the interface is defined using methods, but there are afew
cases where mathematical operators have been overloaded to make code easier to read. Before going any
further, whenever usingagnt | ; : Mat ri x44f , makesuretoincludegnt | / Mat ri x. h first. The op-
erations presented above are now described in detail in the order in which they were listed above. We
begin with creating the objects and setting their values.

Creating Matrices and Setting Their Values

Before doing anything with matrices, some must be created first. To createagnt | : : Mat ri x44f | the
default constructor can be used. It initializes the matrix to be an identity matrix:

gntl::Mtrix44f matl;

After creating thismatrix mat 1, its 16 elements can be assigned values all at once as follows:

mat 1. set (0.0, 1.0, 2.3, 4.1,
8.3, 9.0, 2.2, 1.0,
5.6, 9.9, 9.7, 8.2,
3.8, 0.9, 2.1, 0.1);
or with afloat array:
float mat_val s[16] =
0.0, 8.3, 5.6, 3.8,
1.0, 9.0, 9.9, 0.9,
2.3, 2.2, 9.7, 2.1,
4.1, 1.0, 1.0, 0.1

b

mat 1. set (mat _val s);

Note that when explicitly listing the values with set () , they are specified in row-major order. When
put into a 16-element array of floats, however, they must be ordered so that they can be copied into the
gnt | :: Matri x44f in column-major order. Thisisthe one exception in the interface where accessis
column-major (which probably means that the interface has a bug).

To set al the values of anew matrix in one step, they can be given as arguments when declaring the
matrix:
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gntl:: Mtrix44f mat 1(
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All of the above code has exactly the same results but accomplishes those results in different ways.

Toread theelementsinagnt | : : Mat ri x44f object, programmers can use either the overloaded []
operator or the overloaded () operator. The overloaded [] operator returns the specified row of the
gnt | :: Matri x44f, and an element in that row can then be read using [] again. The code looks ex-
actly the same as with anormal C++ two-dimensional array:

gntl::Matrix44f mat1(0.0, 1.0, 2.3, 4.1,
8.3, 9.0, 2.2, 1.0,
5.6, 9.9, 9.7, 8.2,
3.8, 0.9, 2.1, 0.1);

float val;

val = mat1[3][0];

Here, val isassigned the value 3.8. Using the overloaded () operator resultsin code that looks similar
to the way the matrix element would be referenced in mathematics:

gntl::Mtrix44f mat1(0.0, 1.0, 2.3, 4.1,
8.3, 9.0, 2.2, 1.0,
5.6, 9.9, 9.7, 8.2,
3.8, 0.9, 2.1, 0.1);

float val;

val = mat1(3, 0);

Again, val isassigned the value 3.8. Both of these operations are row-major.

Assignment

Assigningonegnt | : : Mat ri x44f to another happens using the normal = operator as follows:

gntl::Matrix44f mat 1(0. 0,
5.6,
gntl:: Mtrix44f mat2;

1.0, 2.3, 4.1, 8.3, 9.0, 2.2, 1.0,
9.9, 9.7, 8.2, 3.8, 0.9, 2.1, 0.1);

mat 2 = mat 1;

This makes a copy of mat 1 in mat 2 which can be a slow operation.
Equality/Inequality Comparison

To compare the equality of two matrices, there are three available methods (one is just the complement
of the other, though):

gntl::Mtrix44f mat1(0.0, 1.0, 2.3, 4.1, 8.3, 9.0, 2.2, 1.0,
5.6, 9.9, 9.7, 8.2, 3.8, 0.9, 2.1, 0.1);
gntl::Mtrix44f mat2(0.0, 1.0, 2.3, 4.1, 8.3, 9.0, 2.2, 1.0,
5.6, 9.9, 9.7, 8.2, 3.8, 0.9, 2.1, 0.1);
if ( gnml::isEqual (matl, mat2) )
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/1 Go here if matl and mat2 are equal .

or

gntl::Matrix44f mat1(0.0, 1.0, 2.3, 4.1, 8.3, 9.0, 2.2, 1.0,
5.6, 9.9, 9.7, 8.2, 3.8, 0.9, 2.1, 0.1);

gntl::Mtrix44f mat2(0.0, 1.0, 2.3, 4.1, 8.3, 9.0, 2.2, 1.0,
5.6, 9.9, 9.7, 8.2, 3.8, 0.9, 2.1, 0.1);

if ( matl == mat2 )

/1 Go here if matl and mat2 are equal .

or

gntl:: Matrix44f mat1(0.0, 1.0, 2.3, 4.1, 8.3, 9.0, 2.2, 1.0,
5.6, 9.9, 9.7, 8.2, 3.8, 0.9, 2.1, 0.1);

gntl:: Matrix44f mat2(0.0, 1.0, 2.3, 4.1, 8.3, 9.0, 2.2, 1.0,
5.6, 9.9, 9.7, 8.2, 3.8, 0.9, 2.1, 0.1);

if (( mtl!= mt2)

/1 Go here if matl and mat2 are not equal .

Choose whichever method is most convenient.

Transposing

The transpose operation works conceptually as gy afei | = transpose { matriss :| The
code isthen:

gntl::Mtrix44f matl;
gntl:: Matrix44f mat 2(0. 0,

1.0, 3, 4.1, )
5.6, 9.9 7, 8.

2. 1, 8.3, 9.0, 2.2, 1.0
, 9.7, 2, 3.8, 0.9 1 1

2 1.0,
, 2.1, 0.1);

gntl::transpose(matl, nat2);

Theresultisstored in mat 1. mat 2 is passed by reference for efficiency.

Finding the Inverse

The inverse operation works conceptually Synatriz, = inverse {Friﬂ.ﬁrim 5 :| Thecodeis

then:

gntl::Mtrix44f matl;

gntl::Matrix44f mat2(0.0, 1.0, 2.3, 4.1, 8.3, 9.0, 2.2, 1.0,
5.6, 9.9, 9.7, 8.2, 3.8, 0.9, 2.1, 0.1);

gntl::invert(matl, mat2);

Theresultisstored in mat 1. mat 2 ispassed by reference for efficiency.
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Addition

For the addition operation, the interface is defined so that the sum of two matricesis stored in athird.
There are two waysto do addition with gnt | : : Mat r i x44f : using the add() method or using the
overloaded + operator. Use of the former is recommended, but the latter can be used if one prefers that
style of programming. Examples of both methods follow. The first block of code only declares the

gnt|:: Matri x44f objects.

gntl:: Matrix44f mat1(0.0, 1.0, 2.3, 4.1, 8.3, 9.0, 2.2, 1.0,
5.6, 9.9, 9.7, 8.2, 3.8, 0.9, 2.1, 0.1);

gntl:: Matrix44f mat2(0.0, 1.0, 2.3, 4.1, 8.3, 9.0, 2.2, 1.0,
5.6, 9.9, 9.7, 8.2, 3.8, 0.9, 2.1, 0.1);

gntl:: Matrix44f mat 3;

Usingthegnt | : : add() function:

gntl::add(mat3, matl, nat?2);

Using the overloaded + operator:

mat3 = mat1l + mat 2;

Theresult is stored (viaacopy) in mat 3.

Subtraction

For the subtraction operation, the interface is defined so that the difference of two matricesis stored in a
third. There are two ways to do subtraction withgnt | : : Mat ri x44f ; using the sub() method or us-
ing the overloaded - operator. It is recommended that developers use the former, but the latter can be
used for stylistic purposes. Examples of both methods follow. The first block of code only declaresthe

gntl:: Matrix44f objects.

gntl::Mtrix44f mat1(0.0, 1.0, 2.3, 4.1, 8.3, 9.0, 2.2, 1.0,
5.6, 9.9, 9.7, 8.2, 3.8, 0.9, 2.1, 0.1);

gntl:: Matrix44f mat2(0.0, 1.0, 2.3, 4.1, 8.3, 9.0, 2.2, 1.0,
5.6, 9.9, 9.7, 8.2, 3.8, 0.9, 2.1, 0.1);

gntl::Matrix44f mat 3;

Usingthegnt | : : sub() method:

gntl::sub(mat3, matl, nat?2);

Using the overloaded - operator:

mat 3 =

mat1l - mat 2;

Theresult is stored (viaacopy) in mat 3.

Multiplication

Asin the case of addition and subtraction, the multiplication interface is defined so that the product of

two matricesis stored in athird. Thisislikely to be the operation used most often since transformation
matrices are constructed through multiplication of different transforms. For normal matrix multiplica-

tion, there are two waysto do multiplication with gt | @ : Mat ri x44f :usingthegnt | : : mul t ()

35



Helper Classes

function or using the overloaded * operator. We recommend the use of thegmt | : : mul t () function
but the overloaded * operator can be used by those who prefer that style of programming. Examples of
both methods follow. The first block of code only declaresthegnt | : : Mat ri x44f objects.

gntl::Mtrix44f mat1(0.0, 1.0, 2.3, 4.1, 8.3, 9.0, 2.2, 1.0,
5.6, 9.9, 9.7, 8.2, 3.8, 0.9, 2.1, 0.1);
gntl:: Matrix44f mat2(0.0, 1.0, 2.3, 4.1, 8.3, 9.0, 2.2, 1.0,
5.6, 9.9, 9.7, 8.2, 3.8, 0.9, 2.1, 0.1);
gntl:: Mtrix44f mat 3;
Usingthegnt | : : mul t () function:

gntl::mult(mat3, matl, mat2);

Using the overloaded * operator:

mat3 = mat1l * mat 2;

Theresult is stored (viaacopy) in mat 3.

There are two more multiplication operations provided that help in handling the order of the matrices
when they are multiplied. These two extra operations do post-multiplication and pre-multiplication of
two matrices. An example of post-multiplication is:

gntl::Matrix44f mat1(0.0, 1.0, 2.3, 4.1, 8.3, 9.0, 2.2, 1.0,
5.6, 9.9, 9.7, 8.2, 3.8, 0.9, 2.1, 0.1);

gntl::Matrix44f mat2(0.0, 1.0, 2.3, 4.1, 8.3, 9.0, 2.2, 1.0,
5.6, 9.9, 9.7, 8.2, 3.8, 0.9, 2.1, 0.1);

gntl::postMilt(matl, nat?2);

Conceptually, the operation is ity = ey # 1reefs SO that the second matrix (nmat 2) comes
as the second factor. The same result can be achieved using the overloaded * = operator:

gntl::Mtrix44f mat1(0.0, 1.0, 2.3, 4.1, 8.3, 9.0, 2.2, 1.0,
5.6, 9.9, 9.7, 8.2, 3.8, 0.9, 2.1, 0.1);

gntl::Mtrix44f mat2(0.0, 1.0, 2.3, 4.1, 8.3, 9.0, 2.2, 1.0,
5.6, 9.9, 9.7, 8.2, 3.8, 0.9, 2.1, 0.1);

mat1l *= mat 2;

An example of pre-multiplication is:

gntl::Matrix44f mat1(0.0, 1.0, 2.3, 4.1, 8.3, 9.0, 2.2, 1.0,
5.6, 9.9, 9.7, 8.2, 3.8, 0.9, 2.1, 0.1);

gntl::Matrix44f mat2(0.0, 1.0, 2.3, 4.1, 8.3, 9.0, 2.2, 1.0,
5.6, 9.9, 9.7, 8.2, 3.8, 0.9, 2.1, 0.1);

gntl::preMult(matl, mat2);

Here, the conceptual operation is yrpafy = wriafs # rriafy S0 that the second matrix (mat 2)
comes as the first factor. In both cases, the result of the multiplication is stored in mat 1.

Scaling by a Scalar Value

Scaling the values of amatrix by a scalar value can be done using two different methods: theset S-
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cal e() method or the overloaded * and / operators that take a single scalar value and returns a

gnt | :: Mat ri x44f . Aswith the preceding operations, we recommend the use of the former, but the
latter is available for those who want it. Examples of both methods follow. First, using the
gntl::set Scal e() functionworks as:

gntl::Mtrix44f mat1(0.0, 1.0, 2.3, 4.1, 8.3, 9.0,
5.6, 9.9, 9.7, 8.2, 3.8, 0.9

2.2,
, 2.1

1.0,
, 0.1);
gntl::setScal e(matl, 3.0);

Making an ldentity Matrix Quickly

In computer graphics, an identity matrix is often needed when performing transformations. Because of
this,gmt | : : Mat ri x44f providesamethod for converting a matrix into an identity matrix in asingle
step (at the user code level anyway):

gntl::Matrix44f mat1(0.0, 1.0, 2.3, 4.1, 8.3, 9.0, 2.2, 1.0,
5.6, 9.9, 9.7, 8.2, 3.8, 0.9, 2.1, 0.1);

gntl::identity(matl);

Of course, simply declaring mat 1 with no arguments would achieve the same result, but that is not such
an interesting example.

Zeroing a Matrix in a Single Step

Before using amatrix, it is often helpful to zero it out to ensure that there is no pollution from previous
use. Withagnt | : : Mat ri x44f , this can be done in one step:

gntl::Matrix44f mat1(0.0, 1.0, 2.3, 4.1, 8.3, 9.0, 2.2, 1.0,
5.6, 9.9, 9.7, 8.2, 3.8, 0.9, 2.1, 0.1);

gnl::zero(matl);

Theresult isthat al elements of mat 1 are now 0.0.

Making an XYZ, a ZYX, or a ZXY Euler Rotation Matrix

All the rotation information for a transform can be contained in a single matrix using the methods for
making an XYZ, aZY X, or aZXY Euler matrix. Code for all three follows:

vrj::Matrix matl;
float x_ rot = 0.4, y rot = 0.541, z rot = 0.14221;

gntl::setRot(matl, gntl:: Eul er Angl exXYzZf (x_rot, y rot, z rot));
gntl::setRot(matl, gntl::Eul erAnglezZYXf(z rot, y rot, x rot));
gntl::setRot(matl, gntl::Eul er Angl ezXYf(z_rot, x rot, y rot));

In every case, the matrix is zeroed before the rotation transformation is stored. The result of the above
codeisthat mat 1 isaZXY Euler rotation matrix. The previous two operations are destroyed.

Making a Translation Transformation Matrix

To make atrandation matrix, there are two methods with each having two different types of arguments

37



Helper Classes

specifying the trandation. The first makes a matrix with only the given trandation (all other transforma-
tion information is destroyed):

gntl::Mtrix44f mat;
gntl::Vec3f trans(4.0, -4.231, 1.0);

mat = gntl:: makeTrans<gntl:: Matri x44f>(trans);

To change the translation of a transformation matrix without completely obliterating al other transform-
ations, use the following instead:

gntl::Vec3f trans(4.0, -4.231, 1.0);

gntl::setTrans(mat, trans);

Making a Scale Transformation Matrix

To make atransformation matrix that only scales, a simple method is provided. It works as follows:

gntl::Mtrix44f mat;
gntl::Vec3f scale( 1.5, 1.5, 1.5);

mat = gntl::nakeScal e<Mat ri x44f >(scal e) ;

Theresult isthat mat is atransformation matrix that will perform a scale operation. In this specific case,
the scaling happens uniformly for x, y, and z.

Extracting Specific Transformation Information

Finally, methods are provided for extracting transformations from a given matrix. The individual rota-
tions and the trand ation can be read. For the following examples, assume that mat isa

gnt | :: Matri x44f object representing arbitrary trandlation, rotation, and scaling transformations. To
get the Z-axis rotation information (an Euler angle), use the following:

float z_ rot = (gntl:: mkeRot<gntl:: Eul er Angl eXyzZf>(mat))[ 2];

Thevalue returnisin radians. We can also get the X-axis rotation.

float x _rot = (gml::makeRot<gntl:: Eul er Angl exXYzf >(nmat))[0];

Getting tranglationsis even simpler because trand ations are collected into a single vector easily.
gntl::Vec3f trans;
gntl::setTrans(trans, nat);

After this, thetrandation in mat isstored in trans. The same can be donewithagnt | : : Vec4f instead
of thegnt| : : Vec3f.

Converting to an OpenGL Performer Matrix

SGl's OpenGL Performer likes to work with itsown pf Mat ri x class, and to facilitate the use of it with
gnt | :: Matri x44f , two conversion functions are provided for making conversions. The first works
asfollows:
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gntl::Matrix44f vj _mat;
pfMatrix pf_nat;

/1 Perform operations on vj_nat...

pf _mat = vrj::GetPfMatrix(vj_mat);

wherevj _mat ispassed by reference for efficiency. (pf _mat getsacopy of apf Mat ri x whichisa
dow operation.) To convert apf Matri x toagnt | : : Mat ri x44f , do the following:

pfMatrix pf_nat;
gntl:: Matrix44f vj_mat;

/1 Performoperations on pf_mat...
vi_mat = vrj::GetVjMatrix(pf_nmat);

Here again, pf _nmat is passed by reference for efficiency, and vj _mat getsacopy of a
gnt | :: Mat ri x44f . Both of these functions are found in the header vrj / Draw/ Pf/ Pf Uti | . h.

The Gory Details

Now it istime for the really nasty part. Reading this could cause difficulty in understanding the over-
whelming amount of information just presented. Do not read any further unless you absolutely have to
or you just like to confuse yourself.

C, C++, and mathematics use matrices in row-major order. Access indices are shownin Table 3.1,
“Row-major access indices’

Table 3.1. Row-major accessindices

(0,0 ((OH)] (0,2 (0,3) <--- Array
(1,0 (1,1 1,2 (1,3) <--- Array
(2,0 2,1 (2,2 (2,3 <--- Array
(3,0) (32 3.2 (3,3 <--- Array

OpenGL ordering specifies that the matrix has to be column-major in memory. Thus, to provide pro-
grammers with away to pass a transformation matrix to OpenGL in one step (via

gl Mul t Matri xf()),thegnt!|:: Matrix44f classmaintainsitsinternal matrix in column-major
order. Note that in the following table, the given indices are what the cells have to be called in C/C++
notation because we are putting them back to back. Thisisillustrated in Table 3.2, “Column-major ac-
cessindices’.

Table 3.2. Column-major accessindices

(0,0 (1,0 (2,0 (3.0
(0,1 (1,2) (2,1) (31
0,2 1,2) (2,2 (3.2
0,3 1,3 2,3 (3.3
Array Array Array Array
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Asmentioned, all of thisisdone so that agivengnt | : : Mat ri x44f that actsasafull transformation
matrix can be passed to OpenGL directly (more or less). For example, with agiven

gnt | :: Matri x44f object mat upon which painstaking transformations have been performed, the
following can be done:

gl Mul t Matri xf (mat . get Data());

That could not be simpler. All the transformation efforts have culminated into one statement.

For further information, the best possible source of information, especially for this class, is the header
file. Read it; understand it; loveit.

Device Proxies and Device Interfaces

When writing a VR Juggler application object, direct access to hardware devicesis not allowed. Thisis
adesign choice that helps facilitate the portability of VR applications by preventing them from depend-
ing on specific input device makes and models. Instead, the applications are granted access to the device
through a proxy. A proxy is nothing more than an intermediary who forwards information between two
parties. In this case, the two parties are a VR Juggler application and an input device. The application
makes requests on the input device through the proxy.

Proxies are acquired through the Gadgeteer Input Manager, but the process is not entirely straightfor-
ward. To assist with the use of device proxies, Gadgeteer provides what are called device interfaces.
Deviceinterfaces hide the details of proxy acquisition through the Input Manager, but the concept of
deviceinterfaces is something that often causes confusion for those new to VR Juggler application pro-
gramming. Two object-oriented design patterns are combined by device interfaces: smart pointers and
proxies. Within this section, we aim to explain Gadgeteer device proxies and device interfaces clearly
and simply. We begin with high-level descriptions of both and then move on to their usein VR Juggler
application objects.

High-Level Description of Device Proxies

As noted above, access to input device data is granted through device proxies alocated by the Gadgeteer
Input Manager. For each type of input device (digital, analog, keyboard/mouse, etc.), thereisadevice
proxy class. As aprogrammer of VR Juggler applications, knowledge of such proxies does not have to
be terribly in-depth. Thefact is, most VR Juggler application object programmers will probably never
need to know more about the interface of atype-specific device proxy than the return type of its datare-
guest method (usually named get Dat a() ). We will see more about the data request method in the ex-
planation of device interfaces below. Most of the perceived complexity in the type-specific proxy
classesis only important to Gadgeteer's internal maintenance of the active proxies. The following isthe
complete list of proxy classesin Gadgeteer 1.0 (used by VR Juggler 2.0):

gadget : : Anal ogPr oxy The proxy type for analog input devices (those of type gad-
get : : Anal oq). It isdefined in the header file gadget /
Type/ Anal ogPr oxy. h. Thereturn type of gad-
get: : Anal ogProxy: : get Dat a() isfloat.

gadget : : CommandPr oxy The proxy type for command-oriented input devices (those of
type gadget : : Command). It isdefined in the header file gad-
get / Type/ CommandPr oxy. h. Thereturn type of gad-
get : : CommandPr oxy: : get Dat a() isint.

gadget : : Di gi t al Proxy The proxy type for digital (on/off) input devices (those of type
gadget : : Di gi t al ). Itisdefined in the header filegadget /
Type/ Di gi t al Proxy. h. Thereturn type of gad-

40



Helper Classes

get::Digital Proxy:: getData() isgad-
get::Digital::State, an enumerated type. This means that values re-
turned by gadget : : Di gi t al Proxy: : get Dat a() canbe
treated as integers.

gadget : : d ovePr oxy The proxy type for glove input devices (those of type gad-
get :: d ove). Itisdefined in the header filegadget /
Type/ @ ovePr oxy. h. Thereturn type of gad-
get:: d oveProxy: : get Dat a() isgad-
get:: d oveDat a.

gad- The proxy type for keyboard/mouse input handlers (those of type
get : : Keyboar dMouseProxy  gadget: : Keyboar dMouse). It isdefined in the header file
gadget / Type/ Keyboar dMbusePr oxy. h. Thereisno
method gadget : : Keyboar dvbuse: : get Dat a() . Rather,
the method to use for querying input datais gad-
get: : Keyboar dMousePr oxy: : get Event Queue() , the
return type of whichisgad-
get : : Keyboar dMbuse: : Event Queue. We explain more
about this below in the section called “Using gad-
get: : Keyboar dMbusel nt er f ace”.

gadget : : Posi ti onPr oxy The proxy type for position tracking input devices (those of type
gadget : : Posi ti on). It isdefined in the header file gad-
get/ Type/ Posi ti onPr oxy. h. Thereturn type of gad-
get::PositionProxy::getData() is
gntl:: Matri x44f . The method gad-
get:: PositionProxy::getData() takesan optional float
paramter that indicates the units to use for the returned transform-
ation matrix. The value must be a conversion factor from meters
to the desired units.

gadget : : StringProxy The proxy type for string (text- or word-driven) input devices
(those of typegadget : : St ri ng). It isdefined in the header
filegadget / Type/ St ri ngPr oxy. h. Thereturn type of
gadget:: StringProxy::getData() isstd::string.

In summary, the important thing to know is that a proxy is a pointer to aphysical device. Application
object programmers should normally use the higher level device interface as the mechanism to acquire a
proxy and read data from the proxied device. The device interface encapsulates some type of proxy that
in turn points to an input device. That device can be awand, akeyboard, alight sensor, or a home-
brewed device that reads some input and returns it to Gadgeteer in ameaningful way. That isalot of in-
direction, but it makes the handling of physical devices by Gadgeteer incredibly powerful.

High-Level Description of Device Interfaces

Deviceinterfaces are designed to act as wrappers around type-specific device properties. Thisisimple-
mented through the (template) classgadget : : Devi cel nt er f ace<T>. Applications could use the
proxy classes directly, but as we have already noted, acquiring the desired proxies from the Gadgeteer
Input Manager is not wholly straightforward. The type-specific instances of gad-

get: : Devi cel nt erface<T> (suchasgadget : : Posi ti onl nterface, gad-
get::Digitallnterface,etc.) smplify acquisition of proxies. Thus, typical VR Juggler applica
tion objects will have one or more device interface member variables and no proxy member variables.

Theclassgadget : : Devi cel nt er f ace<T> isatemplated class based on the proxy type it wraps.
Thefollowing isthe complete list of available gadget : : Devi cel nt er f ace<T> instantiationsin
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Gadgeteer 1.0 (used by VR Juggler 2.0):

gadget : : Anal ogl nterface

gadget : : Commandl nt er f ace

gadget::Digital Interface

gadget:: d ovel nterface

gad-
get : : Keyboar dMousel nt er f
ace

gad-
get::Positionlnterface

gadget:: Stringlnterface

Thisis atypedef for the template instantiation gad-

get: : Devi cel nterface<gadget: : Anal ogPr oxy>. It
wraps the proxy typegadget : : Anal ogPr oxy andisused for
reading data from analog devices. Include the header file gad-
get/ Type/ Anal ogl nt er f ace. h.

Thisis atypedef for the template instantiation gad-

get: : Devi cel nterface<gadget:: CommandPr oxy>. It
wraps the proxy typegadget : : CommandPr oxy and isused
for reading data from command-driven devices. Include the head-
er filegadget / Type/ Commandl nt er f ace. h.

Thisis atypedef for the template instantiation gad-

get: : Devicel nterface<gadget:: Digital Proxy>.It
wraps the proxy typegadget : : Di gi t al Proxy andisused
for reading data from digital (on/off) devices. Include the header
filegadget / Type/ Digi tal I nterface. h.

Thisisatypedef for the template instantiation gad-

get:: Devi cel nterface<gadget:: d oveProxy>. It
wraps the proxy typegadget : : A ovePr oxy andisused for
reading datafrom glove devices. Include the header file gad-
get/ Type/ d ovel nterface. h.

Thisisatypedef for the template instantiation gad-

get: : Devi cel nt erf ace<gadget : : Keyboar dvbusePr
oxy>. It wraps the proxy type gad-

get : : Keyboar dMousePr oxy and is used for reading data
from analog devices. Include the header file gadget /

Type/ Keyboar dMbusel nt er f ace. h.

Thisis atypedef for the template instantiation gad-

get: : Devicel nterface<gadget:: PositionProxy>.
It wraps the proxy type gadget : : Posi ti onProxy andis
used for reading data from position tracking devices. Include the
header filegadget / Type/ Posi ti onl nterface. h.

Thisis atypedef for the template instantiation gad-

get: : Devicel nterface<gadget:: StringProxy>. It
wraps the proxy typegadget : : St ri ngPr oxy andisused for
reading data from string (text- or word-driven) devices. Include
the header filegadget / Type/ Stri ngl nt er f ace. h.

The typedefs are provided to make the application object code more readable.

In the application object, a device interface member variable is used as a smart pointer to the proxy. In
C++, asmart pointer is not usually an actual object pointer. Instead, the class acting as a smart pointer
overloads the dereference operator -> so that a specia action can be taken when the “ pointer” is derefer-
enced. The dereference operator isjust another operator like the addition and subtraction operators, and
overloading the deference operator allows some extrawork to be done behind the scenes. On the sur-
face, the code looks exactly the same as anormal pointer dereference, and in most cases, people reading
and writing the code can think of the smart pointer as a standard pointer. It may also be convenient to

think of asmart pointer as a handle.

With that background, we can move on to explain how gadget : : Devi cel nt er f ace<T> uses
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these concepts. In user code, there will be instances of types such as

gadget::Digital I nterface,gadget:: Positionlnterface,gad-

get : : Keyboar dMousel nt er f ace, and the like. Once they are properly initialized, deviceinter-
face objects (whatever their types may be) will act as smart pointers to the actual Gadgeteer device
proxy objects that they encapsul ate.

At thispoint, it is perfectly reasonable to wonder why Gadgeteer uses a concept that requires al sorts of
documentation and explanation. The extra effort is worth it because it allows Gadgeteer to hide the actu-
al type of the device being used. There is no need to know that some specific VR system uses awireless
mouse connected to a PC reading bytes from a PS/2 port that represent button presses. All that mattersis
knowing which buttons are pressed at agiven instant. The classgadget : : Di gi al | nt er f ace gives
exactly that information, and it quietly hides the messiness of dealing with the mouse, its driver, and its
communication protocol.

Using Device Interfaces

Before using a device interface, some objects must be declared. Programmers must choose the type that
is appropriate for the type of devices relevant to agiven application. All device interface objects must be
initialized in the application object's override of the method vr j : : App: :i ni t () method. Because
we are dealing with atemplated type (gadget : : Devi cel nt er f ace<T>), every type-specific in-
stantiation has the same interface. Hence, all type-specific device interfaces are initialized using the
gadget : : Devi cel nt erface<T>::ini t () method. This method takes a single string argument
naming the proxy to which the interface will connect. The name can be the name of a proxy or a proxy
alias, both of which are defined in VR Juggler configuration files. Example names are “V JHead”,
“Wand”, “VJButton0”, and “ Accelerate Button”. Using meaningful symbolic names makes them easier
to remember, and it also contributes to hiding the details about the physical device. With this system, no
one needs to care how transformation information from the user's head is generated. Gadgeteer cares,
but there is no need for it to tell anyone else. All developers care about is the head transformation mat-
rix. An example of initializing agadget : : Posi ti onl nt er f ace that connects with the user head
proxy is.

gadget: : Positionlnterface head;

head. i nit ("VJHead");

Remember that this has to be done in an application object'si ni t () method. The actual object used
would be amember variable of the application class. Note that here, the normal syntax for calling the
method of a C++ object is used rather than using the dereference operator. Until it isinitialized, the
deviceinterface object cannot act as a smart pointer.

Once deviceinterface objects are all initialized and ready to use, it istime to start using them as smart
pointers. VR Juggler and Gadgeteer are already working hard in the background to update device prox-
ies, and the application is free to access them. It isusually best to acquire data from the device proxy
through the device interface in the pr eFr ame() method, but this may not necessarily be true for al
proxies. Continuing with our example of agadget : : Posi ti onl nt er f ace to the user head proxy,
the following code shows how to read the transformation matrix for the user's head (in feet):

gntl::Mtrix44f head_mat = head- >getData();
Believeit or not, the code redlly is that easy. Simply use the overloaded dereference operator to get ac-

cess to the position proxy object hiddenin gadget : : Posi ti onl nt er f ace to read datafrom the
proxy. We now move on to explain the use of type-specific device interfaces.

Using gadget : : Anal ogl nterface

Analog devices return floating-point data. As noted above, the return type of gad-
get :: Anal ogProxy: : get Dat a() isfloat. Behind the scenes, analog devices in Gadgeteer scale
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their input so that application objects alwaysreceiveit in the range 0.0 to 1.0 inclusive (also denoted
[0.0,2.0] in mathematically oriented descriptions). Hence, application objects can always expect analog
datato be in that range regardless of the specific type of analog device being used.

Using gadget : : Commandl nt er f ace

Command-oriented devices were introduced in Gadgeteer 1.0 Beta 1. They are an evolving device type
geared towards complex input that can be interpreted at an abstract level. In Gadgeteer 1.0, such input
comes in the form of spoken phrases that are reinterpreted as commands identified by unique integer
values. In future versions of Gadgeteer, this device type will be used for scalable gesture recognition.
Thereturn type of gadget : : CommandPr oxy: : get Dat a() isint, and it isup to the person config-
uring the command-oriented device to set up the command-to-integer mappings.

Using gadget: :Digital Interface

Digita devices are those that have distinct on and off states. The method gad-

get::Digital Proxy:: getData() returnsthe current state of such a device as avalue of the enu-
merated type gadget::Digital::State. Thistypeis defined to allow for easy on/off testing, but it also
provides state toggling information. The possible values of gadget::Digital::State are OFF (integer value
0), ON (integer value 1), TOGGLE_ON (integer value 2), TOGGELE _OFF (integer value 3). In Ex-

ample 3.1, “Using gadget : : Di gi t al I nt er f ace in an Application Object”, we see some example
uses of the information returned by gadget : : Di gi t al Proxy: : get Dat a() .

Example3.1. Usinggadget : : Di gi tal I nt er f ace in an Application Object

1 void MyApp:: preFrane()
{
if ( nmButtonO->getData() )
5 /1 Set state for when nmButtonO is pressed, has been pressed

// since the last frane, or has been rel eased since the
/Il last frame ...

el se
10
/1 Set state for when nButtonO is not pressed ...
}
switch (nButtonl->getData()
15 {
case gadget::Digital:: COFF:
/] Set state for when nButtonl is not pressed ...
br eak;
case gadget::Digital::ON
20 /] Set state for when nmButtonl is pressed ...
br eak;

case gadget::Digital:: TOGGLE ON:
/1 Set state for when nButtonl has been pressed since
/1 the last frame ...
25 br eak;
case gadget::Digital:: TOGELE OFF:
/1 Set state for when nmButtonl has been rel eased since
/!l the last franme ...

br eak;
30 }
if ( nButton2->getData() == gadget::Digital:: TOGEE ON )
{
/1 Set state when nButton2 goes "high" (is toggled on)
35 }

a4



Helper Classes

else if ( nmButton2->getData() == gadget::Digital:: TOGGLE OFF )

/1 Set state when nmButton2 goes "low' (is toggled off)

}
40

Using gadget : : A ovel nterface

Using gadget : : Keyboar dMbusel nt er f ace

Input read from a keyboard and a mouse is provided through gadget : : Keyboar dvbusePr oxy, in-
stances of which are acquired through gadget : : Keyboar dvbusel nt er f ace. Unlike most other
device proxy types, gadget : : Keyboar dMbusePr oxy doesnot have aget Dat a() method.
Rather, it hasamethod called get Event Queue() with return type gad-

get : : Keyboar dMouse: : Event Queue that isthe “event queue.” Keyboard and mouse input is
handled as events, either key press events or mouse events. Key press events come from the keyboard
and are for both the pressing and releasing of individual keys or keys with modifiers (CTRL, ALT, and
SHIFT). Mouse events include both the maotion of the mouse in the X & Y axes and the pressing and re-
leasing of mouse buttons which may or may not be associated with a keyboard modifier.

The event queue contains all the key press and mouse events that occurred since the last frame. Each
event is contained in an object of type gadget : : Event Pt r 1 Thetypegadget : : Event Ptr isa
reference-counted smart pointer for instances of gadget : : Event , whichisin turn abase class for
gadget : : KeyEvent and gadget : : MouseEvent . Each of these has its own reference-counted
smart pointer, namely gadget : : KeyEvent Pt r and gadget : : MouseEvent Pt r . Thisseemslike
alot of typesto understand, but it is simple enough to use by keeping in mind that there are only two
types of events: key press events and mouse events. Furthermore, user code should only be interested in
gadget : : KeyEvent Pt r and gadget : : MouseEvent Pt r . The specific event type is determined
through the method gadget : : Event: :type().

At this point, observant readers will be wondering how to downcast instances of gadget : : Event Pt r
to either gadget : : KeyEvent Pt r or gadget : : MouseEvent Pt r . All three of the reference-coun-
ted smart pointer types make use of Boost [http://www.boost.org/] shared pointers (instantiations of the
typeboost : : shar ed_pt r <T>), part of the Boost smart pointer library [ht-
tp://www.boost.org/libs/smart_ptr/smart_ptr.htm]. Boost shared pointers have their own version of the
built-in C++ operation dynamni ¢_cast <T, U>() called

boost : : dynam c_poi nt er _cast <T, U>() . It works the same way asdynam

i c_cast <T, U>(), but it isdesigned specifically for Boost shared pointers. In Example 3.2, “Using
gadget : : Keyboar dMousel nt er f ace in an Application Object”, we see how to put al of thisto-
gether in order to handle keyboard and mouse input.

Example 3.2. Using gadget : : Keyboar dMbusel nt er f ace in an Application
Object

1 #include <boost/shared ptr. hpp>
#i ncl ude <gadget/ Type/ Keyboar dMousel nt er f ace. h>
#i ncl ude <gadget/ Type/ Keyboar dMouse/ KeyEvent . h>
#i ncl ude <gadget/ Type/ Keyboar dMbuse/ MouseEvent . h>
5 #include <vrj/Draw OG/ d App. h>

/1 This is here to shorten the use of the function in preFrane()

1Behind the scenes, gadget : : Keyboar dvbuse: : Event Queue isatypedef for st d: : vect or <gadget : : Event Pt r>.
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/1 boost::dynam c_pointer_cast<T, U>() bel ow
10 usi ng namespace boost;

class MyApp : public vrj::d App
{

public: .
15 F{WApp() covrjod App()

/* Do nothing. */ ;
}

20 virtual ~MyApp()

/* Do nothing. */ ;
}

25 void init()
nKeyboard. i nit ("VJKeyboard");

30 voi d preFrame()

gadget : : Keyboar dMbuse: : Event Queue evt _queue =
nKeyboar d- >get Event Queue() ;
gadget : : Keyboar dMbuse: : Event Queue: :iterator i;

35

/1 Loop over all the keyboard and npuse events that

/1 occurred since the |ast frame.

for (i = evt_queue.begin(); i != evt_queue.end(); ++i )
40 const gadget:: Event Type type = (*i)->type();

if ( type == gadget::KeyPressEvent ||
type == gadget:: KeyRel easeEvent )

45 gadget : : KeyEvent Ptr key_evt =

dynami c_poi nt er _cast <gadget : : KeyEvent >(*i);
/1 Handl e the key press event

}
else if ( type == gadget:: MouseButtonPressEvent ||
50 type == gadget:: MouseButtonRel easeEvent ||
type == gadget:: MouseMoveEvent )

gadget : : MouseEvent Ptr nouse_evt =

dynam c_poi nt er _cast <gadget : : MouseEvent >(*i);
55 /1 Handl e the nmpbuse event

}
}
}
60 voi d draw()
/1 Draw sonething ...

65 private:
gadget : : Keyboar dMbusel nt er f ace nKeyboar d;

Using gadget : : Positionl nterface
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Position tracking devices return data to application objects as 4x4 transformation matrices. The return
typeof gadget : : Posi ti onProxy: : get Data() isgnt|:: Matri x44f, which was introduced
inthe section called “Thegnt | : : Mat ri x44f Helper Class’. All tracking devices return afull trans-
formation matrix even if the physical tracking hardware is only capable of returning translation or ori-
entation data.

Tip

When querying a positional device for its data, it iscritical to ask for the data in the units that
the application expects. An easy way to do thisisto pass the result of get Dr awScal eFact -
or () togadget:: PositionProxy::get Dat a() . By default, gad-

get:: PositionProxy: :getData() returnsdatain feet, and the implementation of
vrj:: App:: get DrawScal eFact or () returnsgad-

get: : PositionUnit Conversion:: Convert ToFeet . Thisisfor backwards compat-
ibility with VR Juggler 1.0 behavior. See Example 3.3, “Requesting Positional Datain Applica-
tion-Specific Units’ for an example of this. Refer to the section called

“vrj:: App:: get DrawScal eFact or () ” for moreinformation about get Dr awScal e-
Factor ().

Example 3.3. Requesting Positional Data in Application-Specific Units

1 #include <gntl/Matrix. h>

#i ncl ude <gadget/ Type/ Posi ti on/ PositionUnit Conversion. h>
#i ncl ude <gadget/ Type/ Posi ti onl nterface. h>

5
#i nclude <vrj/Draw OG./ d App. h>

class MyApp : public vrj::d App

10 {
publi c: .
'{WADD() povrji:d App()
/* Do nothing. */ ;
15 }
virtual ~MyApp()
{
/* Do nothing. */ ;
20 }
void init()
{
mAand. i nit ("VIWand");
25 }
/1 Use meters for the application units.
fl oat get DrawScal eFactor ()
{
30 return gadget:: PositionUnitConversion::Convert ToMeters;
}
voi d preFranme()
{
35 /1 Request the current wand transformation matrix in

/1 application units (meters).
const float units = getDrawScal eFactor();
gntl:: Mtrix44f wand_mat ( MAand- >get Dat a(units));
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/1 Do sonething with the wand transformation ...

40
void draw()
{ /1 Draw sonething ...
45 }
private:

gadget: : Positionlnterface mMnd;

Using gadget: : Stringlnterface

String (text- or word-driven) devices were introduced in Gadgeteer 1.0 Beta 1. They are an evolving
device type geared towards textual or spoken input. In Gadgeteer 1.0, such input comes in the form of
spoken phrases that are returned to the application object as strings matching those in a pre-defined
grammar. In future versions of Gadgeteer, this device type may be used for additional forms of high-
level input. Thereturn type of gadget : : Stri ngProxy: :getData() isstd: :string,anditis
up to the person configuring the string device to set up the recognized grammar.

Stupefied Proxies

Theindirection provided by device proxies facilitates run-time reconfiguration of hardware devices. If a
hardware device breaks down while an application is running, the device can be replaced without shut-
ting down and restarting the application. To support this capability, proxies can become “ stupefied,”
which means that they are not connected to a device and cannot return new data.

In general, application programmers do not need to worry about stupefied proxies. Datawill be returned
by the proxy whether it is stupefied or not, but if the proxy is stupefied, it cannot return new data. Stu-
pefied proxies can occur as aresult of an error in the VR Juggler configuration or because the hardware
device pointed at by the proxy failed to start up correctly.

To determine whether a proxy is stupefied, the method gadget : : Proxy: : i sSt upefi ed() canbe
used. The stupefied state cannot be changed programatically by user code, however. Only the Input
Manager is capable of reconfiguring a proxy to point at a new valid device. Hence, changing the stu-
pefication state of a proxy from an application object will have no effect and may cause the application
to crash.

Warning

In al versions of VR Juggler prior to 2.0 Beta 3, the word “ stupefied” was misspelled as
“stupified.” The method gadget : : Proxy: : i sStupi fi ed() isretained in Gadgeteer 1.0
for backwards compatibility, but it will be removed in Gadgeteer 1.2 (which will ship as part of
VR Juggler 2.2).

The Gory Details

What is truly amazing about Gadgeteer device interfacesis, despite their seeming complexity, thereis
really nothing to them. Trying to trace through the source code is alittle tricky, but conceptually, it isall
about pointers. Keep in mind that all this documentation was written using nothing more than the Gad-
geteer header files as areference.

Asmentioned, the classgadget : : Devi cel nt er f ace<T> provides the method interface for al the
type-specific instantiations, including the overloaded dereference operator. The base class of gad-
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get: : Devi cel nt erface<T>, gadget : : BaseDevi cel nt er f ace, maintains the name of the
proxy and the proxy reference itself, and it providesthe all-important i ni t () method.

The beauty of it al isthat the proxy object being pointed to by the device interface can be changed
without affecting the execution of the user application. In other words, the proxies can be changed at run
time to point to different physical devices. All the while, the user code is till using the smart pointer in-
terface and getting data of some sort. Thisflexibility is one of the most important features of Gadgeteer,
and it isimportant to understand.
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Part Il. Application Programming

In each chapter of this part, we outline specific areas of interest for application developers. We begin
with the basics of writing VR Juggler applications in general. Then, we move on to the use of different
graphics programming interfaces, such as OpenGL and OpenSG, with VR Juggler. Afterwards, we ad-
dress some additional, but vital, topics such as how to write cluster-capabl e applications and how to add
sound to VR Juggler applications. This part concludes with chapters providing tips on porting applica
tions written using other toolkits such as GLUT and the CAVElibs™.




Chapter 4. Application Authoring
Basics

In this chapter, we build upon the information presented in the previous chapters to explain the basics of
writing VR Juggler applications. This information will apply to all applications regardless of the graph-
ics programming interface used to render the immersive space. Understanding this chapter will be critic-
al in being able to write effective, portable VR Juggler applications.

Application Review

Before getting into too much detail, we present this section as areview from earlier chapters. Thereisno
new information here; it is simply a quick overview of the basics of VR Juggler applications.

Basic Application Information

Draw

As described in previous chapters (see Chapter 1, Getting Sarted, for example), all VR Juggler applica-
tions derive from a base application object class (vrj : : App). This class defines the basic interface that
VR Juggler expects from all application objects. This means that when constructing an application, the
user-defined application object must inherit fromvr j : : App or from a Draw Manager-specific applica-
tion classthat hasvrj : : App asasuperclass. For example:

class userApp : public vrj::App

{

publi c:
init();
preFrame();
post Frane();

This defines a new application class (user App), instances of which can be used anywhere that VR Jug-
gler expects an application object.

Manager-Specific Application Classes

A user application does not have to (and in most cases does not) derivefromvr j : : App directly. In al-
most all cases, an application class is derived from a Draw Manager-specific application class. For ex-
ample:

class userd App : public vrj::d App
{
publi c:

init();

preFrame();

post Frane();

draw() ;

Thisis an example of an OpenGL application. The application class (user G App) has derived directly
from the OpenGL Draw Manager-specificvrj : : G App application base class. This class provides ex-
tradefinitions in the interface that are custom for OpenGL applications.
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Getting Input

There are many types of input devices that VR Juggler application objects can use including positional,
digital, and analog. All application objects share the same processes and concepts for acquiring input
from devices. The main thing to remember about getting input in applicationsisthat all VR Juggler ap-
plications receive input through device proxies managed by gadget : : Devi cel nt er f ace<T> in-
stantiations. There are gadget : : Devi cel nt er f ace<T> instantiations for each type of input data
that Gadgeteer can handle. There is one for positional input, one for analog, and so on. In this section,
we will only demonstrate the use of position and digital device interfaces. Refer to the section called
“Device Proxies and Device Interfaces’ for more detailed information on the use of all the available
device interfaces.

How to Get Input

While there has already been a brief presentation about getting input in an application, we need
something more. Since al device interfaces |ook the same, we will focus on an example of getting posi-
tional input. All other types are very similar. We begin with a simple application object skeleton.

class nmyApp : public vrj::App

public:
init();
preFrame();
private:
gadget: : Positionl nterface nmMnd;

Note the declaration of the variable MAand of type gadget : : Posi ti onl nt er f ace. Thisisthe
first addition to an application. Device interfaces are usually member variables of the user application
class, asin this example.

?yApp: cinit()
mAand. i ni t (" NameOf PosDevl nConfi guration");

The device interface has to be told about the device from which it will get data. Thisis done by calling
the device interface object'si ni t () method with the symbolic string name of the device. This device
name comes from the active configuration. We are now ready to read from the device.

const float units = get Dr awScal eFact or () ;
gntl:: Matrix44f wand_pos(mAand- >get Dat a(units));

The above code shows an example of using the positional device interface in an application. It shows
some sample code where the application copies the positional information from a device interface.
When it is dereferenced, the device interface figures out what device it points to and returns the data
from that device. Again, refer to the section called “ Device Proxies and Device Interfaces’ for morein-
formation about using device proxies and device interfaces.

Where to Get Input

In the previous section, we showed how to get input from devices, but we never said where to put the
code. The location, surprisingly, is application dependent. There are some very good guidelines regard-
ing where applications should process input. Before explaining them, however, we should review the
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VR Juggler kernel control loop, presented again in Figure 4.1, “VR Juggler kernel control loop”.

Figure4.1. VR Juggler kernel control loop
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This diagram looks complicated, but the key hereistheupdat eAl | Dat a() call near the bottom of
the diagram. This is where the Gadgeteer Input Manager updates all the cached device data that will be
used in drawing the next frame. This updated copy is used by all user references to device data until the
next update and the end of the next frame of execution.
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This means two things:

1. Thedevicedataismost freshinvrj :: App: : preFrane(), and

2. Anytimespentinvrj :: App: : preFrane() increasesthe overall system latency.

Thefirst point isimportant because it means that the copy of the device data with the lowest latency is
always availablein the pr eFr ame() member function. The second point is equally important because
it says why user applications should not waste any timein pr eFr ane() . Any time spent in pr e-

Fr ame() increases system latency and in turn decreases the perceived quality of the environment.
Hence, it iscrucial to avoid placing computationsin pr eFr ane() .

Tutorial: Getting Input

In this section, we present atutorial that demonstrates simple input handling using Gadgeteer device in-
terfaces. The tutorial overview is asfollows:

« Description: Simple application that prints the location of the head and the wand.

 Objective: Understand how to get positional and digital input in aVR Juggler application.

e Member functions: vrj :: App::init(),vrj::App::preFrame()

 Directory: $VJ_BASE DI R/ shar e/ sanpl es/ OG./ si npl e/ si npl el nput

 Files: si npl el nput . h, si npl el nput. cpp

Class Declaration and Data Members

In the following class declaration, note the data members (mMMand, mHead, etc.). This application has
four device interface member variables. two for positional input (mHead and m\and) and two for digit-
al input (mBut t on0 and nBut t on1). Each of these member variables will act asahandleto a“real”
device from which we will read datain pr eFr ame() .

1 class sinplelnput : public vrj::d App

{
publi c:
virtual void init();
5 virtual void preFrame();
public:

gadget: : Positionl nterface mMand;
gadget: : Positionl nterface nHead;
10 gadget::Digital Interface nButtonO;
} gadget::Digital Interface nButtonl;

Positional interface for

~ Y~
~ Y~

Initializing the Device Interfaces: vrj:: App::init()

The devices areinitialized in thei ni t () member function of the application. For each device interface
member variable, the application callsthe variable'sown i ni t () method. The argument passed is the
symbolic name of the configured device from which datawill be read. From this point on in the applica-
tion, the member variables are handles to the named device.
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1 virtual void init()

/1 Initialize devices
mAand. i nit ("VIWand");
5 nHead. i nit (" VJHead");
mBut ton0. i nit("VJButton0");
in

nButtonl.init("VJButtonl");

Examining the Device Data: vrj : : App: : preFranme()

The following member function implementation gives an example of how to examine the input data us-
ing the device interface member variables.

1 virtual void preFrame()

f ( nButtonO->getData() )

[
{
5 std::cout << "Button O pressed" << std::endl;
}
i f( nButtonl->getData() )
{
std::cout << "Button 1 pressed" << std::endl;
10 }
std::cout << "WAnd Buttons:"
<< " 0:" << nButtonO->getData()
<< " 1:" << nButtonl->getData()
15 << std::endl;
/[l -- Get wand matrix --- [/
const float units = getDrawScal eFactor();
gntl:: Matrix44f wand_mat ri x( mAand- >get Data(units));
20 std::cout << "Wand pos: \n" << wand_matrix << std::endl;
}

ese statements check the status of the two digital buttons and write out alineif the button has
pressed.

iswrites out the current state of both buttons.

e final section prints out the current location of the wand in the VR environment.
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Programming Interfaces

This chapter comprises the bulk of information about application devel opment. This makes sense when
one considers the importance of computer grahpicsin the context of immersive applications. In each
section of this chapter, we explain the use of different graphics application programming interfaces
(APIs) within the scope of VR Juggler. While the sections of this chapter are tied to specific APIs, we
highly recommend that all prospective programmers of VR Juggler applications read the first section
about OpenGL applications. This section covers core fundamentals of the VR Juggler OpenGL Draw
Manager that apply to the use of Open Scene Graph and OpenSG with VR Juggler.

OpenGL Applications

We can now describe how to write OpenGL applicationsin VR Juggler. An OpenGL-based VR Juggler
application must be derived fromvrj : : G App. Thisinturnisderived fromvrj : : App. Aswasdis
cussed in the application object section, vr j : : App defines the base interface that VR Juggler expects
of al applications. Thevr j : : G App class extends this interface by adding members that the VR Jug-
gler OpenGL Draw Manager needsto render an OpenGL application correctly.

Figure5.1.vrj : : G App application class
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jecl::ConfigChunkHandler
vrjApp

vrjzGlApp

+initvoid

+apilnit:void +getDrawscaleFactor:float
+exitvoid <1 +draw-void

+preframe:void +contextinitvoid

+intraFrame:void +bufferPreDraw:void

1

userOglApp

+postFrame:void

+init:void
+apilnitvoid
+preFrame void
+intraFrame:void
+postFrame:void
+bufferPreDraw:void
+draw:void

+contextinitvoid

InFigure5.1, “vrj : : A App application class’, we see some of the methods added by the

vrj::d App interface: draw(),context I nit (), andcont ext PreDraw() . These methods
deal with OpenGL drawing and managing context-specific data (do not worry what context datais right
now—we cover that in detail later). There are afew other member functionsin the interface, but these
cover 99% of the issues that most devel opers face. In the following sections, we will describe how to
add OpenGL drawing to an application and how to handle context-specific data. There isatutorial for
each topic.

Clearing the Color and Depth Buffers
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Before describing how to render using OpenGL with VR Juggler, we must cover the more basic topic of
clearing the color and depth buffers. We describe this part before explaining how to render graphics be-
cause these steps will be common to al VR Juggler applications based on OpenGL .

In VR Juggler 1.1 and beyond, there is support for drawing multiple OpenGL viewportsin asingle VR
Juggler display window. Thisfeatureis useful for tiled displays where each viewport renders a specific
part of the scene. In order for an OpenGL -based application to work with multiple viewports, the color
and depth buffers need to be cleared at the correct times.

In auser application, the method vrj : : A App: : buf f er PreDr aw() isoverridden so that it clears
the color buffer. For example, the following code clears the color buffer using black:

voi d user App: : bufferPreDraw()
{

gl Cl ear Col or (0. 0f, 0.0f, 0.0f, 0.0f);
gl O ear (G._COLOR BUFFER BI T);

Now we need to clear the depth buffer. This must be done separately from the color buffer to ensure
proper stereo rendering. The depth buffer must be cleared in the application object'sdr aw() method,
usually asthe first step:

voi d user App: :draw)
gl A ear (G._DEPTH BUFFER BI T);

/'l Rendering the scene ...

OpenGL Drawing: vrj::d App: :draw()

The most important (and visible) component of most OpenGL applicationsis the OpenGL drawing. The
vrj :: d App classinterface definesadr aw( ) member function to hold the code for drawing a virtua
environment. Hence, any OpenGL drawing calls should be placed inthevrj : : A App: : draw()
function of the user application object.

Adding drawing code to an OpenGL -based VR Juggler application is straightforward. The dr aw( )
method is called whenever the OpenGL Draw Manager needs to render aview of the virtual world cre-
ated by the user's application. It is called for each defined OpenGL context, and it may be called mul-
tiple times per frame in the case of multi-surface setups and/or stereo configurations. Applications
should never rely upon the number of times this member function is called per frame.

When the method is called, the OpenGL model view and projection matrices have been configured cor-

rectly to draw the scene. Input devices are guaranteed to be in the same state (position, value, etc.) for
each call to thedr awm( ) method for a given frame.

Recommended Uses
The only code that should execute in this function is callsto OpenGL drawing routines. It is permissible

to read from input devices to determine what to draw, but application data members should not be up-
dated in this function.

Possible Misuses

Thedr aw() method should not be used to perform any time-consuming computations. Code in this
member function should not change the state of any application variables.

58



Using Graphics Programming Interfaces

Tutorial: Drawing a Cube with OpenGL

In this section, we present atutorial that demonstrates simple rendering with OpenGL calls. The tutorial
overview isasfollows:
 Description: Simple OpenGL application that draws a cube in the environment.

» Objectives: Understand how thedr awm( ) member functioninvrj : : A App works; create basic
OpenGL-based VR Juggler applications.

* Member functions: vrj :: App::init(),vrj::d App::draw()
 Directory: $VJ_BASE_DI R/ shar e/ sanpl es/ OG./ si npl e/ Si npl eApp

 Files: si npl eApp. h, si npl eApp. cpp

Class Declaration

The following application classis called si npl eApp. Itisderived fromvrj : : G App and has custom
i nit() anddraw() methods declared. Note that the application declares several device interface
members that are used by the application for getting device data.

1 usi ng nanespace vrj;
usi ng nanespace gadget;

cl ass sinpleApp : public d App

51
publi c:
sinpl eApp();
virtual void init();
virtual void draw();
10
public:

Posi tionl nterface mAand;

Posi tionl nterface nHead;

Digital Interface nButtonO;
15 Digitallnterface nmButtonil;

}s

The draw() Member Function

Theimplementation of dr aw( ) islocated insi npl eApp. cpp. Itsjobisto draw the environment. A
partia implementation follows.

1 usi ng nanespace gntl;

}/Oi d sinpl eApp: :draw()

5 -
/] Create box offset matrix
Mat ri x44f box_of f set;
const Eul er Angl eXYZf eul er _ang(Mat h: : deg2Rad(-90. 0f ), Mat "> deg2Rad(0. Of ),
Mat h: : deg2Rad( 0. 0f));

10 box_offset = gntl:: nakeRot <Matri x44f >(eul er _ang);
gntl::setTrans(box _offset, Vec3f(0.0, 1.0f, 0.0f));

Qi PushMat ri x();
// Push on offset
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15 gl Mul t Mat ri xf (box_of fset. getData());

dr awCube() :
gl PopMat ri x();

20 }

iscreatesagnt | : : Mat ri x44f object that defines the offset of the cube in the virtual world.
e new matrix is pushed onto the OpenGL modelview matrix stack.
ally, acubeis drawn.

ove, thereis no projection code in the function. When the function is called by VR Juggler, the
projection matrix has already been set up correctly for the system. All the user application must do is
draw the environment; VR Juggler handles the rest. In this example, thedr aw() member function
renders a cube at an offset |ocation.

Exercise

Change the code so that the cube is drawn at the position of the wand instead of at thebox_of f set
location.

Context-Specific Data

Why it

Many readers may already be familiar with the specifics of OpenGL. In this section, we provide a very
brief introduction to context-specific data within OpenGL, and we proceed to explain how it is used by
VR Juggler. Those who are aready familiar with context-specific data may skip ahead to the section
called “Why it is Needed” or to the section called “ Using Context-Specific Data’.

The OpenGL graphics API operates using a state machine that tracks the current settings and attributes
set by the OpenGL code. Each window in which we render using OpenGL has a state machine associ-
ated with it. The state machines associated with these windows are referred to as OpenGL rendering
contexts.

Each context stores the current state of an OpenGL renderer instance. The state includes the following:

e Current color

Current shading mode

¢ Current texture

Display lists

Texture objects

Is Needed

Asoutlined in the VR Juggler architecture documentation, VR Juggler uses a single memory areafor all
application data. All threads can see the same memory area and thus share the same copy of al vari-
ables. This makes programming normal application code very easy because programmers never have to
worry about which thread can see which variables. In the case of context-specific data, however, it
presents a problem.

To understand the problem, consider an environment where we use asingle display list. That display list
is created to draw some abject in the scene. We would like to be able to call the display list in our
dr aw() method and have it draw the primitives that were captured in it.
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The following class skeleton shows an outline of thisidea. Do not worry for now that we do not show
the code where we alocate the display list—that will be covered later. For now, we see that thereisa
variable that storesthe display list ID (nDi spLi st | d), and weuseitinthedr aw() method.

usi ng namespace vrj;

class userApp : public G App

public:
draw() ;
public:

i nt nDi spListld;

user App: : draw()
{
gl Cal I Li st (nDi spListld);

Now, imagine that we have a VR system configured that needs more than one display window (a multi-
wall projection system, for example). Thereis athread for each display, and all the display threads call
draw() inparald.

Since al threads share the same copy of the variables, they all use the same nDi spLi st | d when call-
ing gl Cal | Li st () . Thisisan error because we call draw from multiple windows (that is, multiple
OpenGL rendering contexts). The display list ID is not the same in each context. What we need, then, is
away to use adifferent display list ID depending upon the OpenGL context within which we are cur-
rently rendering. Context-specific data comes to the rescue to address this problem.

Context-specific data provides us with away to get a separate copy of avariable for each OpenGL ren-
dering context. This may sound daunting at first, but VR Juggler manages this special variable so that it
appears just asanormal variable. The developer never has to deal with contexts directly. VR Juggler
transparently ensures that the correct copy of the variable is being used.

Context-Specific Variables in VR Juggler
The following shows how a context-specific variable appearsin a VR Juggler application:
usi ng namespace vrj;

class userApp : public G App

{

public:
draw() ;

publi c:

A Cont ext Dat a<i nt > nDi spListld; // Context-specific variable
i

user App: : draw)
{
gl Cal | Li st (*nDi spLi stld);

This code looks nearly the same as the previous example. In this case, nDi spLi st | d istreasted asa
pointer, and it has a special template-based type that tells VR Juggler it is context-specific data. When
defining a context-specific data member, usethevr j : : A Cont ext Dat a<T> template class and pass
the “true’ type of the variable to the template definition. From then on, it can be treated as a normal
pointer.
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Note

The typesthat are used for context-specific data must provide default constructors. The user
cannot directly call the constructor for the dataitem because VR Juggler has to allocate new
items on the fly as new contexts are created.

The Inner Workings of Context-Specific Variables

Curious readers are probably wondering how all of this works. To satisfy any curiosity, we now provide
abrief description.

The context data items are allocated using a template-based smart pointer class

(vrj:: d Cont ext Dat a<T>). Behind the scenes, VR Juggler keeps alist of currently allocated vari-
ables for each context. When the application wants to use a context data item, the smart pointer looksin
the list and returns a reference to the correct copy for the current context.

Thisisal donein afairly light-weight manner. It al boils down to one memory lookup and a couple of
pointer dereferences. Not bad for al the power that it gives.

Using Context-Specific Data

The VR Juggler OpenGL graphics system is a complex, multi-headed beast. Luckily, devel opers do not
have to understand how the system isworking to useit correctly. Aslong as developers subscribe to
several simple rules for allocating and using context data, everything will work fine. This section con-
tains these rules, but it does not describe the rational e behind the rules. Those readers who are interested
in the details of why these rules should be followed should please read the subsequent section. It con-
tains much more (excruciating) detail.

The Rules

With the background in how to make a context-specific data member and how to useitinadr aw( )
member function, we can move on to how and where the context-specific data should be allocated. If we
want to create a display list, we need to know where we should allocate it.

Rule 1: Do not allocate context data in dr aw()

Thisis straightforward: do not allocate context datain thedr aw() member function. There are many
reasons for this, but the primary one isthat allocation tests would be occurring too many times and at in-
correct times. There are better placesto allocate context data.

Rule 2: Initialize static context datain contextlnit ()

The place to allocate static context-specific dataisthevrj : : G App: : cont ext | ni t () member
function. “Static” context data refersto context data that does not change during the application's execu-
tion. An example of static context datawould be adisplay list to render an object model that is pre-
loaded by the application and never changes. It is static because the display list only has to be generated
once for each context, and the application can generate the display list as soon asiit starts execution.

Thecont ext | ni t () member function is called immediately after creation of any new OpenGL con-
texts. In other words, it is called whenever new windows open. When it is called, the newly created con-
text is active. This method is the perfect place to allocate static context data becauseit is only called
when we have a new context that we need to prepare (and also because that iswhat it is designed for).

The following code snippet shows a possible use of the application object'scont ext | ni t () method:
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Example5.1. I nitializing context-specific data

1 void userApp::contextlnit()

{
/1 Allocate context specific data
(*nDi spListld) = gl GenLists(1);
5
gl NewLi st ((*nDi spListld), G._COWPILE);
gl Scal ef (0. 50f, 0.50f, 0.50f);
/1 Call func that draws a cube in OQpenGL
dr awCube() ;
10 gl EndLi st ();
}

This shows the normal way that display lists should be allocated in VR Juggler. Allocate the display list,
storeit to a context-specific data member, and then fill the display list. Texture objects and other types
of context-specific data are created in exactly the same manner.

Rule 3: Allocate and update dynamic context data in cont ext PreDr aw( )

The place to allocate dynamic context-specific dataisthe cont ext Pr eDr aw( ) member function.
“Dynamic” context data differs from static context data in that dynamic data may change during the ap-
plication's execution. An example of dynamic data would be adisplay list for rendering an object from a
data set that changes as the applications executes. This requires dynamic context data because the dis-
play list has to be regenerated every time the application changes the data set.

Consider also the following example. While running an application, the user requests to load a new
model from afile. After the model dataisloaded, it may be best to put the drawing functionsinto a fresh
display list for rendering the moddl. Inthiscase, vrj : : G App: : context | nit () cannot be used
becauseit is only called when anew context is created. Here, al the windows have already been created.
What we need, then, is a callback that is called once per existing context so that we can add and change
the context-specific data. That iswhat cont ext Pr eDr aw() does. It is called once per context for
each VR Juggler frame with the current context active.

Please notice, however, that since this method is called often and is called in performance-critical aress,
you should not do much work init. Any time taken by this method directly decreases the draw perform-
ance of the application. In most cases, we recommend trying to make the function have avery simple
early exit clause such asin the following example. This makes the average cost only that of asingle
comparison operation.

user App: :contextlnit()
if (have work to do)

/1 Do it

Context-Specific Data Details

Within this section, we provide the details of context-specific datain VR Juggler and justify the rules
presented in the previous section.
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Figure5.2. VR Juggler OpenGL system
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Rule 1 says that context-specific data should not be allocated in an application object'sdr aw() method.
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We have adready stated that the main reason isthat dr aw( ) iscalled too many times, and it is called at
the wrong time for allocation of context-specific data. To be more specific, thedr aw( ) method is
called for each surface, or for each eye, every frame. Static context-specific data only needs to be alloc-
ated when a new window is opened. (Dynamic context-specific datais handled separately.)

Tutorial: Drawing a Cube using OpenGL Display Lists

In this section, we present atutorial that demonstrates the use of OpenGL display lists with VR Juggler
context-specific data. The tutorial overview isasfollows:

Description: Drawing a cube using adisplay list in thedr aw( ) member function.

Objective: Understand how to use context-specific datain an application.

Member functions: vrj :: App::init(),vrj::d App::contextlnit(),
vrj::d App::draw)

Directory: $VJ_BASE DI R/ shar e/ sanpl es/ OG./ si npl e/ cont ext App

Files: cont ext App. h, cont ext App. cpp

Class Declaration and Data Members

The following code example shows the basics of declaring the class interface and data members for an
application that will use context-specific data. Thisis an extension of the simple OpenGL application

presented in the section called “ Tutorial: Drawing a Cube with OpenGL”. Note the addition of the con-

text | nit () declaration and the use of the context-specific data member nCubeDl | d.

1 usi ng nanespace vrj;

cl ass context App :

{
5 public:

context App() {;}

public GQ App
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virtual void init();
virtual void contextlnit();
virtual void draw();
10
publi c:
/1 1d of the cube display |ist
G Cont ext Dat a<GLui nt > nCubeDl | d;

15 };

The context I nit() Member Function

We now show the implementation of cont ext App: : cont ext | ni t (). Herethedisplay listiscre-
ated and stored using context-specific data. Recall Example 5.1, “Initializing context-specific data”,
presented in the section called “ Using Context-Specific Data’. That example was based on thistutorial

application.
1 void contextApp::contextlnit()
{
/1 Allocate context specific data
(*nCubeDi I d) = gl GenLists(1);
5
gl NewLi st ((*mCubeDl 1d), G._COWPILE);
gl Scal ef (0. 50f, 0.50f, 0.50f);
dr awCube() ;
gl EndLi st ();
10 -
}

The draw() Member Function

Now that we have adisplay list ID in context-specific data, we can use it in thedr aw( ) member func-
tion. We render the display list by dereferencing the context-specific display list ID.

1 usi ng nanespace gntl;
voi d cont ext App: : draw()
{

5 /1 Get Wand natrix
const float units = getDrawScal eFactor();
gntl::Mtrix44f wand_nmat ri x( mMAand- >get Dat a(units));

gl PushMat ri x()
r

10 gl PushiMatri x();
gl Mul t Mat ri xf (wand_mat . get Dat a() ) ;
gl Cal | Li st (*mCubeDi | d) ;
gl PopMat ri x();

15 gl PopMatri x();

Exercise

In the tutorial application code, replace the call to dr awAxi s() with adisplay list call.

OpenGL Performer Applications
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Programmers familiar with the use of scene graphs may prefer to use that data structure rather than writ-
ing OpenGL manually. While VR Juggler does not provide a scene graph of its own, its design allows
the use of existing scene graph software. In VR Juggler 1.1 and beyond, the supported scene graphs are
OpenGL Performer from SGI, OpenSG, and Open Scene Graph. This section explains how to use
OpenGL Performer to write VR Juggler applications.

A Performer-based VR Juggler application must derive fromvr j : : Pf App. Similartovrj : : G App
presented in the previous section, vr j : : Pf App derivesfromvrj : : App.vrj : : Pf App extends
vrj :: App by adding methods that deal with scene graph initialization and access. Figure 5.3,
“vrj:: Pf App application class’ showshow vrj : : Pf App fitsinto the class hierarchy of a Per-
former-based VR Juggler application.

Figure5.3.vrj : : Pf App application class
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jeel::ConfigChunkHandler
vrj:App

+initvoid
+apilnitvoid
+exitvoid
+preFramevoid
+intraFrame:void

+postFrame:void

vrj:PfA
y PP userPfApp

+initScene:void . .
+init:void

+preForklnit:void o _
+apilnitvoid

+appChanFuncvoid _

] +preFramevoid

+getScene pfGroup * _ _
+intraFrame:void

+configPWin:void _
+postFrame:void

+drawChan:void o _
+initScene: vaid

+preDrawChan:void _
+getScenevoid

+postDrawChan:void

Two of the methods added to the application interface by vr j : : Pf App arei ni t Scene() and

get Scene() . These are called by the Performer Draw Manager to initialize the application scene
graph and to get the root of the scene graph respectively. They must be implemented by the application
(they are pure virtual methods withinvr j : : Pf App). Additional methods will be discussed in this sec-
tion, but in many cases the default implementations of these other methods may be used. A simple tu-
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torial application will be provided to illustrate the concepts presented.

Scene Graph Initialization: vrj : : Pf App: :init Scene()

In an application using OpenGL Performer, the scene graph must be initialized before it can be used.
Themethod vr | : : Pf App: :init Scene() isprovided for that purpose. Within this method, the root
of the application scene graph should be created, and any required models should be |oaded and attached
to the root in some way. The exact mechanisms for accomplishing this will vary depending on what the
application will do.

During the initialization of OpenGL Performer by VR Juggler, vrj : : Pf App: :i ni t Scene() isin-
voked after the Performer functions pf | ni t () and pf Confi g() but before
vrj::App:apilnit().

Scene Graph Access: vrj :: Pf App: : get Scene()

In order for Performer to render the application scene graph, it must get access to the scene graph root.
Themethod vrj : : Pf App: : get Scene() will be called by the Performer Draw Manager so that it
can give the scene graph root node to Performer. Since thejob of get Scene() is straightforward, its
implementation can be very simple. A typical implementation will have a single statement that returns a
member variable that holds a pointer to the application scene graph root node.

Note

Make sure that the node returned is not a pf Scene object. If itis, then lighting will not work.

Possible Misuses

Do not load any models in this member function. This sort of operation should be done withini ni t S-
cene().

Tutorial: Loading a Model with OpenGL Performer

In this section, we present atutorial that demonstrates model |oading with OpenGL Performer. The tu-
torial overview isasfollows:

 Description: Simple OpenGL Performer application that loads a model.

Objective: Understand how to load amodel, add it to a scene graph, and return the root to VR Juggler.

e Member functions: vrj :: Pf App: :initScene(),vrj:: PfApp::getScene()

Directory: $VJ_BASE DI R/ shar e/ sanpl es/ Pf/ si npl e/ si npl ePf

Files: si npl ePf App. h, si npl ePf App. cpp

Class Declaration

The following application classis called si npl ePf App. It isderived fromvrj : : Pf App and has cus-
tomi ni t Scene() and get Scene() methods declared. Note that this application uses pr e-

For kil ni t () which will be discussed later. Refer to si npl ePf App. h for the implementations of
preForklnit() andset Mbdel ().

1 class sinplePfApp : public vrj::PfApp
{
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publi c:
si mpl ePf App() ;

5 virtual ~sinplePfApp();
virtual void preForklnit();
virtual void InitScene();
virtual pfGoup* get Scene();

10 voi d set Mbdel (std::string nodel File);
public:
std::string mvbdel Fi | eNane;
15 pf G oup* nmLi ght G oup;
pf Li ght Sour ce* nfun;
pf Gr oup* nRoot Node;
pf Node* mvbdel Root ;
1

Theinit Scene() Member Function

The implementation of i ni t Scene() isinsi nmpl ePf App. cpp. Within this method, we create the
scene graph root node, the lighting node, and load a user-specified model. The implementation follows:

1 void sinpl ePfApp::
{

i nitScene ()

// Allocate all the nodes needed
nRoot Node = new pf G oup;

/1 Create the SUN |ight source

nmLi ght Group = new pf G oup;

nsSun = new pf Li ght Sour ce;

nmLi ght Gr oup- >addChi | d( nSun) ;

nBun- >set Pos( 0. 3f, 0.0f, 0.3f, 0.0f);

nSun- >set Col or(PFLT DI FFUSE 1. of, 1.0f, of
nBSun- >set Col or ( PFLT_AMBI ENT, 0. 3f, 0. 3f, 3f
nSun- >set Col or ( PFLT_ SPECULAR 1. Of 1.0f 1 0
nSun- >on() ;

/l --- LOAD THE MODEL -- [/
nmvbdel Root = pfdLoadFi |l e(mvbdel Fil eNanme.c_str());

10
) ’
) )
f);
15

/] -- CONSTRUCT STATIC STRUCTURE OF SCENE GRAPH -- [/

nRoot Node- >addChi | d( mvbdel Root ) ;
nRoot Node- >addChi | d( nLi ght G oup) ;

20

irst, the root nodeis constructed as apf Gr oup object.

t, some steps are taken to create a light source for the application.

ally, the model isloaded using pf dLoadFi | e() , and the model scene graph root nodeis
red in mvbdel Root . (The model loader must be initialized prior to calling pf dLoadFi | e() .
isisdoneinpreForklnit().)

inally, the model and the light source nodes are added as children of the root.

The ge ne() Member Function

The Performer Draw Manager will call the application'sget Scene() method to get the root of the
scene graph. The implementation of this method can be found insi npl ePf App. h. The codeisasfol-
lows:
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pf G oup* si npl ePf App: : get Scene ()
{

return nmRoot Node;
}

The simplicity of this method implementation is not limited to the simple tutorial from which it is taken.
All Performer-based VR Juggler applications can take advantage of this idiom where the root node isa
member variable returned in get Scene() .

Other vrj : : Pf App Methods

Besides the two methods discussed so far, there are several other methodsinvr | : : Pf App that extend
thebasicvr | : : App interface. Each is discussed in this section.

preForklnit()

Prototype:

public void preForklnit();

This member function allows the user application to do any processing that needs to happen before Per-
former forksits processes but after pf I ni t () iscalled. In other words, it isinvoked after pf I ni t ()
but before pf Confi g() .

appChanFunc()

Prototype:
public void appChanFunc(pf Channel * chan);

This method is called every frame in the application process for each active channel. It is called immedi-
ately before rendering (pf Frame() ).

confi gPWn()
Prototype:
public void configPW n(pfPi peWndow pWn);
This method is used to initialize a pipe window. It is called as soon as the pipe window is opened.

get FraneBufferAttrs()

Prototype:

public std::vector<int> getFrameBufferAttrs();

This method returns the needed parameters for the Performer frame buffer. Stereo, double buffering,
depth buffering, and RGBA are all requested by default.

dr awChan()
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Prototype:

public void drawChan(pf Channel * chan,
voi d* chandat a) ;

Thisisthe method called in the channel draw function to do the actual rendering. For most programs,
the default behavior of this function is correct. It makes the following calls:

chan->cl ear () ;
pf Draw() ;

Advanced users may want to override this behavior for complex rendering effects such as overlays or
multi-pass rendering. (See the OpenGL Performer manual pages about overriding the draw traversal
function.) Thisfunction is the draw traversal function but with the projections set correctly for the given
displays and eye. Prior to the invocation of this method, chan isready to draw.

pr eDr awChan()

Prototype:

public void preDrawChan(pf Channel * chan,
voi d* chandat a) ;

Thisisthe function called by the default dr awChan() member function before clearing the channel
and drawing the next frame (pf Fr ane() ).

post Dr awChan()

Prototype:

public void postDrawChan(pf Channel * chan,
voi d* chandat a) ;

Thisisthe function called by the default dr awChan() member function after clearing the channel and
drawing the next frame (pf Fr ane() ).

pf Exi t () : To Call or Not to Call

The Performer function pf Exi t () poses aproblem for VR Juggler applications, and some background
information will help ensure that readers understand the consequences of using pf Exi t () (or not). The
main issue with pf Exi t () asit relatesto VR Juggler isthat calling pf Exi t () hasthe side effect of
calling the system function exi t () , which means that it should be (or hasto be) the very last function
call of aprogram. Prior to VR Juggler 2.0.1, the VR Juggler Performer Draw Manager was written to
call pf Exi t () from withinthe method vr j : : Pf Dr awVanager : : cl oseAPI () . Before VR Jug-
gler 2.0 Beta 3, however, this method of thevr | : : Pf Dr awanager interface had never been
called—the result of the kernel shutdown process being incomplete. With the more complete kernel
shutdown processin VR Juggler 2.0 Beta 3 and 2.0.0, authors of Performer-based VR Juggler applica-
tions saw their applications exiting prematurely after invoking the kernel shutdown. More specifically,
any code that was intended to be executed after vr j : : Pf Dr awivanager : : cl oseAPI () would not
be executed. Such codeincludesvr j : : App: : exi t () or an override thereof; an application object
destructor; and anything else to be done after vrj : : Ker nel : : wai t For Ker nel St op() returned.

To remedy thisproblem, vrj : : Pf Dr awivanager : : cl oseAPI () in VR Juggler 2.0.1 and newer
doesnot call pf Exi t () . Rather, it isthe responsibility of the application programmer to call
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pf Exi t () if ghesodesires. Failing to call pf Exi t () could result in resource leaks from Performer,
but calling pf Exi t () has been known to cause application crashes (irrespective of whether VR Jug-
gler isused). In general, users should call pf Exi t () at theend of their mai n() function, but if doing
so causes the application to crash on exit, then not calling pf Exi t () isprobably the better option.

Resources that could be leaked by Performer if pf Exi t () isnot called would generally fall un-
der the heading of “temporary files.” Resource leaks are not memory leaks since the operating
system will automatically deallocate any memory held by Performer at the time of application
exit. Since Performer may allocate temporary files for its process locking and shared memory
arena, it would usually be best to ensure that Performer cleans up after itself.

The important thing to remember is that the application object destructor needs to be called before

pf Exi t () iscalled. Refer to Example 5.2, “Using pf Exi t () with aHeap-Allocated Application Ob-
ject” for an example of how pf Exi t () would be used with aVVR Juggler application object allocated
on the heap. For a stack-allocated application object, see Example 5.3, “Using pf Exi t () with a Stack-
Allocated Application Object”.

Example5.2. Using pf Exi t () with a Heap-Allocated Application Object

1int main(int argc, char* argv[])

vrj::Kernel* kernel = vrj::Kernel::instance();

5 /1 Al'locate the application object on the heap. |Its
/1 destructor will be called nmanually before calling
[l pfEXit().
si mpl ePf App* application = new sinpl ePf App();

10 /1 Load config files.
for (int i =2; i <argc; ++i )

ker nel - >l oadConfigFile(argv[i]);
}

kernel ->start();

15

/1l Configure the application.
appl i cation->set Model (argv[1]);
20 kernel - >set Appl i cati on(application);

// Wait for the kernel to shut down.
ker nel - >wai t For Ker nel St op();

25 /1 Final application clean-up.
del ete application;

/1 Clean up Perfornmer.
/1l Calls systemexit() function and therefore never returns.
30 pfExit();

return O;

Example5.3. Using pf Exi t () with a Stack-Allocated Application Object
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1int main(int argc, char* argv[])

/1 Nested scope for stack-allocated data.

{
5 vrj::Kernel* kernel = vrj::Kernel::instance();
/1 Load config files.
for (int i =2; i < argc; ++i )
{
10 kernel - >l oadConfi gFil e(argv[i]);
}
kernel ->start();
15 /1 Allocate the application object on the stack. Its
/1 destructor will be called automatically at the end
/1 of this nested scope.
si npl ePf App application;
20 /1 Configure the application and give it to the kernel
appl i cation. set Model (argv[1]);
ker nel - >set Appl i cati on( &pplication);
/1 Wait for the kernel to shut down.
25 ker nel - >wai t For Ker nel St op() ;
}
/1 O ean up Performer.
/1 Calls systemexit() function and therefore never returns.
30 pfEXit();
return O;
}

OpenSG Applications

This section explains how to use the OpenSG scene graph in aVR Juggler application. OpenSGisan
open source scene graph that is available at www.opensg.org [http://www.opensg.org/].

An OpenSG-based VR Juggler application must derive fromvr j : : OpenSGApp. The

vrj:: OpenSGApp classisderived fromthevrj : : G App presented previously, which in turn de-
rivesfromvrj :: App.vrj :: QpenSGApp extendsvrj : : G App by adding methods that deal with
scene graph initialization and access. Figure 5.4, “vr j : : OpenSGApp application class’ shows how
vrj :: OpenSGApp fitsinto the class hierarchy of an OpenSG-based VR Juggler application.

Figure5.4.vrj : : OQoenSGApp application class
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jecl:ConfigChunkHandler

vijzApp vrj:GlApp
+~App
+init:void +~GlApp
+apilnit:void <1 +getDrawscal eFactor:float
+exitvoid +draw:void
+ preFrame:void +contextinitvoid
+intraFrame:void +bufferPreDraw:void
+postFrame:void

userQOpensSGApp

vrjaOpensSGApp

+init:void " .
4[‘_‘;:: FinitScene-void
+geticene: 050 :NodePtr

+initScene void

+getscene:05G: :NodePtr

+ preFrame void

The two main application methods for vr j : : OpenSGApp VR Juggler applicationsarei ni t S-
cene() and get Scene() . These are called by the OpenSG application class wrapper to initialize the
application scene graph and to get the root of the scene graph respectively. They must be implemented
by the application (they are pure virtual methodswithinvr j : : QpenSGApp). Therest of this section
gives amore detailed description of these methods and some sample code to illustrate the concepts
presented.

Scene Graph Initialization:
vrj:: QpenSGApp: : i nitScene()

In an application using OpenSG, the scene graph must be initialized before it can be used. The method
vrj:: OpenSGApp: ;i nitScene() isprovided for that purpose. Within this method, the root of the
application scene graph should be created, and any required models should be loaded and attached to the
root in some way. The exact mechanisms for accomplishing this will vary depending on what the applic-
ation will do.

During the API initialization, vrj : : OpenSGApp: : i ni t Scene() isinvoked. This happens after
OSG : osgl ni t () hasbeen called, so OpenSG should be fully initialized and ready to be used.
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Scene Graph Access: vrj:: OpenSGApp: : get Scene()

In order for OpenSG to render the application scene graph, it must get access to the scene graph root.
Themethod vrj : : OpenSGApp: : get Scene() will be called by the OpenSG application class
wrapper so that it can get access to the currently active scene graph whenever the wrapper needs to use it
(for example when rendering or updating). Since the job of get Scene() isstraightforward, itsimple-
mentation can be very simple. A typical implementation will have asingle statement that returns a mem-
ber variable that holds a pointer to the current scene graph root node.

Possible Misuses

Do not do any CPU-heavy processing in this method. Because this method is called frequently, it should
only do the minimum amount of processing necessary to return the root scene graph node. In most cases
this method should only be one line of code. See the following code for an example.

virtual OSG : NodePtr getScene()

return nSceneRoot; // Return the root of the graph

To update the scene graph, use either pr eFr ame() ,i nt raFrame() , or post Frame() .

Tutorial: Loading a Model with OpenSG

In this section, we present atutorial that demonstrates model loading with OpenSG. The tutorial over-
view isasfollows:

* Description: Simple OpenSG application that loads a model.

» Objectives: Understand how to load amodel, add it to a scene graph, and return the root to VR Jug-
gler.

* Member functions: vrj : : OQpenSGApp: : i nit Scene(),vrj:: QpenSGApp: : get Scene()
» Directory: $VJ_BASE DI R/ shar e/ vrj uggl er/ sanpl es/ QpenSd si npl e/ OpenSGNav
» Files: OpenSGNav. h, OpenSGNav. cpp

Class Declaration

The following application classis called OpenSGNav. It isderived from vrj : : OQpenSGApp and has
customi ni t Scene(),get Scene(),init(),contextlnit(),andpreFrame() methodsde
clared. Refer to OpenSGNav. h for the implementation of set Model Fi | eName() .

1 class OpenSGNav : public vrj::QpenSGApp

{
public:
OpenSGNav(vrj:: Kernel* kern);
5 virtual ~QpenSGNav();

virtual void init();
virtual void contextlnit();
virtual void preFrame();

10
virtual void initScene();
virtual OSG : NodePtr getScene();
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voi d set Mbdel Fi | eNanme(std::string fil enane);

15
private:
void initGState();
private:
20 std::string nFil eToLoad;
OSG : NodePtr nmSceneRoot ;
OSG : TransfornPtr nSceneTransform
OSG : NodePtr mvbdel Root ;
25
OSG : NodePtr i ght Node;
OSG : NodePtr nLi ght Beacon;
public:

30 gadget:: Positionlnterface mAndPos;
gadget::Digital Interface nBut t onO;
gadget::Digital Interface nBut t onl;
gadget::Digital Interface nBut t on2;
float velocity;

35 };

Theinit Scene() Member Function

The implementation of i ni t Scene() isin OpenSGNav. cpp. Within this method, we create the
scene graph root node, the lighting node, and load a user-specified model. The implementation follows:

1 void OpenSGNav: :initScene()

{
/1 Load the nodel to use
if (nFileToLoad == std::string("none"))
5 {
mvbdel Root = OSG : nakeTorus(.5, 2, 16, 16); o

el se

{
10 nmvbdel Root =
OSG : SceneFi | eHandl er::the().read(nFil eToLoad.c_str());

}
/[l --- Light setup --- [/
15 /1 - Add directional light for scene
/1l - Create a beacon for it and connect to that beacon
nmLi ght Node = OSG : Node: :create();
nLi ght Beacon = OSG : Node: : create();
OSG :Directional LightPtr light_core =
20 OSG : Directional Light::create();

CSG : TransfornPtr |ight _beacon_core
OSG : Transform :create();

/1l Setup light beacon
25 OSG : Matrix |ight_pos;
i ght_pos. set Transform OSG : Vec3f (2. 0f, 5.0f, 4.0f));

OSG : begi nEdi t CP(|i ght _beacon_core, OSG : Transform : Matri xFi el dMask) ;
i ght _beacon_core->setMatri x(light_pos);
30 OSG : endEdi t CP(Ii ght _beacon_core, OSG : Transform: Matri xFi el dvask) ;

OSG : begi nEdi t CP( nLi ght Beacon) ;
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nLi ght Beacon- >set Cor e( |l i ght _beacon_core);
OSG : endEdi t CP( nLi ght Beacon) ;
35
/1 Setup |light node
OSG. : addRef CP(Li ght Node) ;
OSG: : begi nEdi t CP( nLi ght Node) ;
nL| ght Node- >set Core(l i ght _core);
40 nmLi ght Node- >addChi | d( nLi ght Beacon)
OSG : endEdi t CP( mLi ght Node) ;

OSG : begi nEdi t CP(1i ght _core);

i ght _core->set Anbi ent (0.9 o 0.8, 0.8, 1);
45 Iight core->setDiffuse (0.6, 0.6, 0.6, 1);

Iight core->setSpecular (1, 1, 1, 1);

light core->setDirection (0, O, 1);

I i ght core->setBeacon (Li ght Node) ;

OSG : endEdi t CP(1i ght _core);
50
/[l --- Setup Scene -- //
/1 add the | oaded scene to the light node, so that it is lit
/1 by the Iight
OSG : addRef CP( mvbdel Root ) ;
55 OSG : begi nEdi t CP( nLi ght Node) ;
nmLi ght Node- >addChi | d( mvbdel Root ) ;
OSG : endEdi t CP( mLi ght Node) ;

/1l create the root part of the scene
60 nSceneRoot = OSG : Node: :create();
nSceneTransform = OSG : Transform :create();

/1 Set the root node
OSG : begi nEdi t CP( n5ceneRoot ) ;
65 nSceneRoot - >set Cor e( n5ceneTr ansf ornj ;
nSceneRoot - >addChi | d( nLi ght Node) ;
OSG : endEdi t CP( nSceneRoot ) ;

@00

e begin by loading thefile setin OpenSGNav: : set Model Fi | eName() . If no file name was
, we default to using a simple torus model. The model object ismvbdel Root .

t, we create a node for the light, which we define as a beacon light.

e model is added under the light in the scene graph so that it getsit.

en, the root note for the scene graph is created. This is what will be returned to OpenSG for ren-
ing by OpenSGNav: : get Scene() .

ally, we add the light node as a child of the scene root. Remember that the light node already
the loaded model as a child.

The get Scene() Member Function

Themethod vr | : : OQpenSGApp: : dr aw() will call the application'sget Scene() method to get the
root of the scene graph. The implementation of this method can be found in QpenSGNav. h. The code
isasfollows:

OSG : NodePtr QpenSGNav: : get Scene()
{

}

return nmRoot Node;

The simplicity of this method implementation is not limited to the simple tutorial from which it istaken.
All OpenSG-based VR Juggler applications can take advantage of this idiom where the root nodeis a
member variable returned in get Scene() .
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Open Scene Graph Applications

This section explains how to use the Open Scene Graph (OSG) in a VR Juggler application. OSGisan
open source scene graph that is available at www.openscenegraph.org [http://www.opensg.org/].

An OSG-based VR Juggler application must derivefromvr j : : GsgApp. Thevrj : : OsgApp classis
derived fromthevrj : : A App presented previously, which in turn derivesfromvrj : : App.

vrj:: OsgApp extendsvrj : : G App by adding methods that deal with scene graph initialization and
access. Figure 5.5, “vrj : : OsgApp application class’ showshow vr j : : GsgApp fitsinto the class
hierarchy of an OSG-based VR Juggler application.

Figure5.5.vrj : : OsgApp application class

jecl::ConfigChunkHandler

vrjzApp vrjaGlApp
+~App
+init:void +~GlApp
+apilnitvoid < +getDrawS5caleFactor:float
+exit:void +draw:void
+intraFramevoid +bufferPreDraw:void
+postFrame:void

userQsgApp
vrja0sgApp
+initvoid - .
—— == +initScene:void
+initScene:void
+geticeneosg: :Group®

+getsceneosgGroup®
+ preFrame void

The two main application methods for vrj : : GsgApp VR Juggler applicationsarei ni t Scene()
and get Scene() . These are called by the OSG application class wrapper to initialize the application
scene graph and to get the root of the scene graph respectively. They must be implemented by the ap-
plication (they are pure virtual methodswithinvr j : : OsgApp). Therest of this section gives amore
detailed description of these methods and some sample code to illustrate the concepts presented.
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Scene Graph Initialization:
vrj::OsgApp::initScene()

In an application using OSG, the scene graph must be initialized before it can be used. The method
vrj::OsgApp: :initScene() isprovided for that purpose. Within this method, the root of the ap-
plication scene graph should be created, and any required models should be loaded and attached to the
root in some way. The exact mechanisms for accomplishing this will vary depending on what the applic-
ation will do.

| mportant

During the application initialization, vr j : : OsgApp: : i ni t Scene() isinvoked. This
method isinvoked invr | : : GsgApp: : i nit (). Therefore, user application objects that de-
rivefromvrj : : OsgApp should besuretoinvokevr | : : GsgApp: : i nit () intheir over-
ridingi ni t () method, or the contents of the overridingi ni t () method should be moved in-
to the implementation of i ni t Scene() .

Scene Graph Access: vrj:: OsgApp: : get Scene()

In order for OSG to render the application scene graph, it must get access to the scene graph root. The
method vrj : : CsgApp: : get Scene() will be called by the OSG application class wrapper so that it
can get access to the currently active scene graph whenever the wrapper needs to use it (for example
when rendering or updating). Since the job of get Scene() isstraightforward, itsimplementation can
be very simple. A typical implementation will have a single statement that returns a member variable

that holds a pointer to the current scene graph root node.

Possible Misuses
Do not do any CPU-heavy processing in this method. Because it is called frequently, it should only do
the minimum amount of processing necessary to return the root scene graph node. In most cases, this
method should only be one line of code. See the following code for an example.

virtual osg:: G oup* get Scene()

return nSceneRoot; // Return the root of the graph

}

To update the scene graph, use either pr eFr ame() ,i nt raFrame(), or post Frame() .

Tutorial: Loading a Model with Open Scene Graph

In this section, we present atutorial that demonstrates model loading and scene navigation using Open
Scene Graph. The tutorial overview is asfollows:
 Description: Simple OSG application that loads a model and allows navigation.

» Objectives: Understand how to load amodel, add it to a scene graph, and return the root to VR Jug-
gler.

* Member functions: vrj : : OsgApp: :initScene(),vrj:: OsgApp: : get Scene()
 Directory: $VJ_BASE_DI R/ shar e/ vrj uggl er/ sanpl es/ OSH si npl e/ osgNav
» Files: GsgNav. h, GsgNav. cpp
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Class Declaration

The following application classis called osgNav. It isderived from vr j : : GsgApp and has custom

i nitScene(),getScene(),configSceneView ), preFrane(),andl atePreFrame()
methods declared. Refer to OsgNav. h for the implementation of set Model Fi | eNane() . Note that
we will ignore the code for remote navigation via a Tweek-based GUI in this description.

1 class GsgNav : public vrj::OpenSGApp
{
public:
GsgNav(vrj::Kernel* kern, int& argc, char** argv);
5 virtual ~OsgNav();
virtual void configSceneView);
virtual void initScene();
10 void nylnit();
virtual osg:: G oup* get Scene();

virtual void preFrame();
virtual void | atePreFrame();

15
voi d set Model Fi |l eName(std::string fil enane);
private:
0sg: : G oup* nRoot Node;
20 0sg. : G oup* mMNoNav ;

0sgQ: : Mat ri xTr ansf or ¥ mNavTr ans;
0sgQ: : Mat ri xTr ansf or ¥ mivbdel Tr ans;
0sg: : Node* nmivbdel ;

25 OGsgNavi gat or  mNavi gat or;
std::string nti | eToLoad;

vpr::Interval mnlLastPreFraneTi ne;

30
public:
gadget: : Positionlnterface mAand,
gadget: : Positionlnterface nHead;
gadget::Digital I nterface nBut t onO;
35 gadget::Digital I nterface nBut t on1;
gadget::Digital I nterface mBut t on2;
gadget::Digital Interface nBut t on3;
gadget::Digital Interface nBut t on4;
} gadget::Digital Interface nBut t on5;
40 };

Theinit Scene() Member Function

The implementation of i ni t Scene() isinOsgNav. cpp. Thismethod looks very similar to the usu-
al implementation of init() in other application object examples. The important thing to note is the last
line of the method body where myInit() isinvoked.

1 void OsgNav::initScene()
{

mAand. i nit ("VIWand");
nHead. i ni t (" VJHead");

5 nButtonO.init("VJButton0");
nButtonl.init("VJButtonl");
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nmButton2.init("VJButton2");
nButton3.init("VJButton3");
nButton4.init("VJButton4");
10 nButton5.init("VJButton5");

nylnit();

Within therry | ni t () method, we see the real work for initializing the scene. In this method, we create
the scene graph root node, the lighting node, and load a user-specified model. The implementation,
found in GsgNav. cpp, follows:

voi d GsgNav::nylnit()
{

nmRoot Node
\-- mNavTrans -- mibdel Trans -- mibdel

~ Y~

/
/ /- - mNoNav
/
/

/1 The top |l evel nodes of the tree
nmRoot Node = new 0sg:: G oup();

nNoNav new osg: : Goup();

mNavTr ans new osg: : MatrixTransforn();

e

nmNavi gator.init();

nRoot Node- >addChi | d( mNoNav) ;
nRoot Node- >addChi | d( mNavTr ans) ;

/1 Load the nodel
std::cout << "Attenpting to load file:

<< nFileToLoad << "... " << std::flush;
mvbdel = osgDB:: readNodeFi |l e(nFi | eToLoad);
std::cout << "done." << std::endl;

/1 Transform node for the nodel
mvbdel Trans = new o0sg:: Matri xTransform();
/1 This can be used if the nodel orientation needs to change
nmivbdel Tr ans- >preMul t (
0sg::Matrix::rotate(gntl:: Mth::deg2Rad(-90. 0f),
) 1.0f, 0.0f, 0.0f)

i f (NULL == nivbdel )

std::cout << "ERROR: Could not |oad file:
<< nFil eToLoad << std::endl;

}

el se

// Add nodel to the transform
nmvodel Tr ans- >addChi | d( mvbdel ) ;

}

// Add the transformto the tree
mNavTr ans- >addChi | d( mvbdel Tr ans) ;

/1 run optimzation over the scene graph
osgUtil::Optimzer optimzer;
optim zer.opti m ze(mRoot Node) ;

QOO © 00O
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e begin by creating the nodes that will make up the application scene graph. Note that this scene
h will contain two branches: one for nodes that will be affected by user navigation and one for
des that will not.

ext, we attempt to load the model provided through an earlier call to set Mbdel Fi | eNane() .
this application, the user must identify the model to load on the command line when running the
plication. The code for handling this can be found in the mai n() function.

e model will be attached to the scene graph under a transform node, so we must create that node
t

e model was loaded successfully (mvbdel isnot NULL), then we attach it to the scene graph
the freshly created model transform node.

her the named model was loaded successfully or not, we attach the model transform to the
e graph under the navigation-enabled branch. When the model is loaded successfully, this al-
s the user to fly around the model.

inally, weuseosgUtil :: Opti nm zer to optimize the scene graph that we have built up.

ne() Member Function

Themethod vrj : : GsgApp: : draw() will cal the application'sget Scene() method to get the
root of the scene graph. The implementation of this method can be found in GsgNav. h. The codeisas
follows:

0sg: : G oup* GsgNav::get Scene()
{

return nmRoot Node;
}

The simplicity of this method implementation is not limited to the simple tutorial from which it is taken.
All OSG-based VR Juggler applications can take advantage of thisidiom where the root node is a mem-
ber variable returned in get Scene() .

VTK Applications

82



Chapter 6. Additional Application
Programming Topics

We now present topics that will be of interest to VR Juggler programmers in general but are not as low-
level as those topics described in Chapter 4, Application Authoring Basics. Furthermore, understanding
the use of graphics APIswithin aVR Juggler application will help with understanding how these addi-
tional features can be used effectively. As such, it is expected that readers of this chapter will have
already read and understood the topics presented in the previous chapters of this part of the book.

Cluster Application Programming

Traditionally, multi-screen immersive systems have relied upon dedicated high-end shared memory
graphics workstations or supercomputers to generate interactive virtual environments. These multi-
screen immersive systems typically require one or two video outputs for each screen and simultaneously
utilize several interaction devices. In recent years this trend of almost exclusively using high-end sys-
tems has started to change as commodity hardware has become a viable aternative to high-end systems.

Current technol ogies have empowered PC-based systems with high-quality graphics hardware, signific-
ant amount of memory and computing power, as well as support for many external devices. Their ap-
plication to virtual reality applicationsis motivated by the dramatic cost decrease they represent and by
the wide range of options and availability. To drive a multi-screen immersive environment we need mul-
tiple commodity systems working as a single unit, that is, atightly synchronized cluster. The challenge
isthat, although the base technology is standard off-the-shelf technology, thereis alack of software for
weaving together the cluster into a platform that supports the creation of virtual environments. Further-
more, there is an even greater lack of software that can allow existing virtual environment designed for
high-end system to transparently migrate to a cluster.

In this section, we review the clustering capabilities of VR Juggler 2.0. The current implementation of
clustering in VR Juggler isthe result of the hard work of many people and of several design and imple-
mentation iterations. It isthe most important new featurein VR Juggler 2.0, and it is also the most com-
plex new feature internally. At the level of the application object, the clustering infrastructureis largely
hidden. Those pieces that are exposed have been designed to be easy to use and to work in non-cluster
configurations. This aids in application portability between VR system configurations.

Shared Input Data

One approach to implementing clustering for interactive graphics applicationsis to share al datare-
ceived from input devices. Thisis based on an assumption that the interaction with the computer graph-
icswill occur through input devices such as 6DOF trackers, pointing devices, etc. Using this approach, a
distinct copy of the VR application is run on each cluster node, but they all see the same input data.
Since changes to the scene are based on information from the input devices, al the nodes will make the
same state changes each frame and therefore remain synchronized.

This capability isimplemented through the Gadgeteer Remote Input Manager and the RI MPI ugi n used
by the Cluster Manager. The basic goal of these components isto provide a distributed shared memory
system for VR input device data. Through shared input data, applications can migrate transparently
between shared memory VR systems and PC cluster VR systems.

Shared input datais the easiest VR Juggler clustering feature that can be utilized by application object
programmers. In simple cases, nothing about an application will have to change to take advantage of
shared input data because the details are hidden within the VR Juggler configuration. The Cluster Man-
ager simply needs to be configured to load the Rl MPI ugi n and the Start Barrier Plug-in (St ar t Bar -
ri er Pl ugi n) to enable applications to take advantage of shared input data.
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Application-Specific Shared Data

When input data sharing is not sufficient to enable a VR Juggler application to run on a cluster, the next
option isto use application-specific shared data. Using this option, VR application devel opers can easily
exchange any type of data across a cluster of machines. For example, we might have a GUI running on a
hand-held device that interacts with the VR application to control it. We cannot expect this GUI to con-
nect to all nodesin the cluster. Instead, the GUI connects to a single node that accepts the commands
from the GUI and then relays them to the rest of the cluster nodes using application-specific shared data.

Application-specific shared data is implemented through the generic (templated) container type

cl uster:: User Dat a<T> and the Application Data Manager plug-in (Appl i cat i onDat aMan-
ager inthe Cluster Manager config element plug-in list). Asistypically the case with generic contain-
ers, any sort of data can be stored and therefore shared. The only caveat isthat the contained type must
have the following two methods:

void witeCbject(vpr::ojectWiter* witer);
voi d readoj ect (vpr:: Qbj ect Reader* reader);

Respectively, these two methods are used for serializing and de-serializing shared data types. The
simplest way to achieve thisisto create a data structure that is a subclass of the abstract type
vpr:: Serializabl e(oj ect and overriding its pure virtual wr i t eCbj ect () andr eadCOb-
j ect () methods.

Derivingfromvpr:: Seri al i zabl eCbj ect isnot viablein all cases, however. If the data that
must be shared is of atype defined in athird-party library, it cannot be modified to derive from

vpr:: Serializabl e(oj ect.Inthat case, thetypevpr:: Seri al i zabl eObj ect M xi n<T>
can be used. The methodsvpr: : Seri al i zabl eCbj ect M xi n<T>: : writeCbj ect () and
vpr:: Serializabl eQhjectM xi n<T>: : readObj ect () must be speciaized for the desired
typeT.

In either case, the end result is a means to serialize the data to be shared across the cluster, and applica-
tion object programmers will implement methods named wr i t eCObj ect () andr eadOhj ect ().
Whenwr i t eObj ect () isinvoked, it ispassed apointer toavpr: : Cbj ect Wit er object. Anob-
ject writer is asimple wrapper around an expandabl e block of memory. Each write operation appends
some number of bytes to the memory block based on the size of the data written. The type

vpr:: Cbj ect Wit er provides methods for writing all the basic C++ datatypes (int, float, bool,
char, etc.), though they are named based on the cross-platform type identifiers provided by the VR Jug-
gler Portable Runtime (vpr::1nt32, vpr::Uint8, etc.). Byte ordering (endian) issues are handled internally
by the object writer. The implementation of wr i t eCbj ect () for any shared data type simply copies
the data members of the shared data structure into the object writer.

Inversely, the implementation of r eadObj ect () reads datafrom an object reader (an instance of
vpr: : Cbj ect Reader) into thelocal copy of the data structure. The object reader contains a fixed-
size block of memory and a pointer to the current location in that memory block. Each read operation
moves the pointer some number of bytesin the memory block based on the size of the data read.

I mportant

Due to the symmetric nature of wr i t eChj ect () andr eadObj ect () , thereading and
writing of data must occur in the same order. That is, the implementation of wr i t eCbj ect ()
will write the shared datain some order, and r eadCbj ect () must read the shared data back
out in the same order.
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We now present two examples of using the serializable object concept. The first demonstrates the case
when a new data structure can be created; the second is the case when a third-party type must be made
seridlizable. When we make a new data structure, it is quite easy to enable serialization. Consider the ba-
sic type shown in Example 6.1, “Declaration of a Serializable Type”. It derives from

vpr:: Serializabl eChj ect andoverrideswr i t eCbj ect () andr eadObj ect () just asit
must. It has three data members of different types that define the state of an instance of our type. The
serialization and de-serialization implementation, which is quite straightforward, is shown in Ex-

ample 6.2, “ Serializing an Application-Specific Type”.

Example 6.1. Declaration of a Serializable Type

#i nclude <vpr/1Q Seri al i zabl eQbj ect. h>
class MyType : public vpr::Serializabl eObject
{

public:
void witeCbject(vpr::hjectWiter* witer);
voi d readOoj ect (vpr:: Obj ect Reader* reader);
/1 Qther public nethods ...

private:
unsi gned int nlntDat a;
char nByt eDat a;
fl oat nFl oat Dat a;
b

Example 6.2. Serializing an Application-Specific Type

void MyType::witeCbject(vpr::hjectWiter* witer)
{

witer->witeU nt32(m ntData);
witer->witelnt8(nByteData);
writer->witeFl oat (nFl oat Dat a) ;

}
void MyType::readoj ect (vpr:: Obj ect Reader* reader)

nm nt Dat a = reader->readUi nt 32();
mByt eData = reader->readlnt8();
nl oat Dat a = reader - >r eadFl oat () ;

Now we consider the case when we need to serialize a third-party type. First, let us assume that we have
atype, caled SomeType, defined in a header file from athird-party C++ library. Thisis shown in Ex-
ample 6.3, “ Sample Third-Party Type”. The type has three accessor methods for reading its data and
three for writing. We can then specialize the methods of vpr : : Seri al i zabl eCbj ect M xi n<T>
as shown in Example 6.4, “ Serializing a Third-Party Type Using

vpr:: Serializabl eChj ect M xi n<T>".

Example 6.3. Sample Third-Party Type
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cl ass SonmeType

{
public:
unsi gned int getlntData();
voi d setlntData(unsigned int v);

char get ByteData();
voi d setByteData(char v);

fl oat getFl oatDat ();
voi d set Fl oat Data(fl oat v);

private:
/1l Private data ...
b

Example 6.4. Serializing a Third-Party Type Using
vpr:: Serializabl eCbj ect M xi n<T>

#i ncl ude <vpr/1Q Seri al i zabl eQbj ect. h>
t enpl at e<>

voi d vpr::Serializabl eObj ect M xi n<SoneType>: :
witeCObject(vpr::ohjectWiter* witer)

witer->witeU nt32(getintData());
witer->witelnt8(getByteData());
wite->witeFl oat (getFloatData());

}

tenpl at e<>
voi d vpr::Serializabl eObj ect M xi n<SoneType>: :
readCbj ect (vpr: : oj ect Reader* reader)

{
set | nt Dat a(r eader->readU nt32());
set Byt eDat a(r eader->readlnt8());
set Fl oat Dat a(reader->readFl oat());
}

Themagicof vpr: : Seri al i zabl ebj ect M xi n<T> allows the specialized methods to behave
as member functionsin SoneType. This means that the specialized members have easy accessto all
public and protected members of SoneType.

Now that we have data serialization out of the way, we can turn our attention to the use of

cl ust er: : User Dat a<T>, the special type that automates application-specific data sharing. For each
type of shared data, the application object will have at |east one instance of

cl uster:: User Dat a<T>. Exampleinstantiations of cl ust er : : User Dat a<T> are shownin
Example 6.5, “Declaring Instances of cl ust er : : User Dat a<T>".

Example 6.5. Declaring Instances of cl ust er : : User Dat a<T>

#i ncl ude <vrj/Draw OG/ d App. h>
#i ncl ude <pl ugi ns/ Appl i cati onDat aManager/ User Dat a. h>
#i ncl ude <SoneType. h>

86



Additional Application Programming Topics

#i ncl ude "M Type. h"
cl ass AppQbject : public vrj::d App

public:
void init();
voi d preFrane();
void | atePreFrame();
void draw();

/1 Qther public nember functions ...

private:
cl uster:: UserDat a<MyType> nmWwTypeQbj ;
cluster:: UserData< vpr::Serializabl elbjectM xi n<SomeType> > nSonmeTypeQbj ;

Next, we must initializethecl ust er : : User Dat a<T> instances so that the Application Data Man-
ager plug-in can identify the shared data types and so that the application can determine which cluster
node will be allowed to write to the shared data. While there are two ways to do this, we will show only
the recommended approach here. First, aglobally unique identifier (GUID) must be defined for each and
every shared data type instance. The command-line utility uuidgen is available on most operating sys-
tems for generating new GUIDs (also known as universally unique identifiers or UUIDs). These will be
used in the application object i ni t () method, as shown in Example 6.6, “Initializing Application-Specif-
ic Shared Data’.

Example 6.6. Initializing Application-Specific Shared Data

}/oid AppObj ect::init()

vpr:: GJ D nytype_gui d("99CFD306- 32AB- 11D9- A963- 000D933B5E6A") ;
nmWTypeQbj . i nit (nmytype_gui d);

vpr:: GU D sonetype_gui d( " AL54B8E8- 32AB- 11D9- B4C9- 000D933B5E6GA") ;
nSomeTypeChj . i nit (sonetype_gui d);

I mportant

Do not use the member functionvpr : : GUI D: : gener at e() toinitialize the type-specific
GUID objects. Thiswill result in every cluster node always having a different GUID value
every time the application is run (because GUIDs are unique by definition). If this happens, the
Application Data Manager plug-in will never be able to complete itsinitialization, and the ap-
plication frame loop will not be able to start on all the cluster nodes.

In conjunction with this, two config elements need to be created. These will be used by the Application
Data Manager plug-in to identify which cluster node will be the writer node. The “guid” properties must
match the string values used to initialize the vpr : : GUI D objectsin Example 6.6, “Initializing Applica-
tion-Specific Shared Data’. The “hostname” properties set the name of the cluster node that will be the
shared data writer. An example of thisis shown in Example 6.7, “ Application-Specific Shared Data
Configuration”.

Example 6.7. Application-Specific Shared Data Configuration
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<?xm version="1.0" encodi ng="UTF-8"?>
<?org-vrjuggler-jccl-settings configuration.version="3.0"7?>
<confi guration

xm ns="http://wwmv. vrjuggler.org/jccl/xsd/3.0/configuration”

nane="Exanpl e Shared Application Data Configuration"

xm ns: xsi ="http://ww. w3. org/ 2001/ XM_Schena- i nst ance"

xsi : schemalLocati on="http://wwm. vrjuggl er.org/jccl/xsd/3.0/configuration http://

<el ement s>
<application_data nane="M/Type Shared Data" version="1">
<gui d>99CFD306- 32AB- 11D9- A963- 000D933B5E6A</ gui d>
<host nane>machi nel</ host nanme>
</ appl i cati on_dat a>
<appl i cation_data nane="SonmeType Shared Data" version="1">
<gui d>A154B8E8- 32AB- 11D9- B4C9- 000D933B5E6A</ gui d>
<host nane>nmachi nel</ host nanme>
</ application_data>
</ el emrent s>
</ configuration>

Caution

Be very careful to ensure that the GUID strings match correctly. This means matching the
stringsintheappl i cat i on_dat a config element “guid” property with the use in the ap-
plication code. If the GUID strings are not matched correctly, the Application Data Manager
will not be able to match the objects initialized in the application objecti ni t () method.

Now that the shared dataisinitialized and ready to use, we can write to and read from it—the Applica-
tion Data Manager plug-in will take care of the rest. Only one node can be allowed to write to the data.
Thisis determined through the use of the method cl ust er : : User Dat a<T>: : i sLocal (). This
method returns a Boolean value that indicates whether the datais“local.” The local nodeisthe one
named in the configuration element, as shown earlier. Writes to shared data should only occur in pr e-
Frame() orpost Frane() after testing theresult of cl ust er: : User Dat a<T>: :i sLocal ().
Thisis shown in Example 6.8, “Writing to Application-Specific Shared Data’.

| mportant

Thecl ust er: : User Dat a<T> instances introduce alevel of indirection (using the Smart
Pointer design pattern) for accessing the shared data that works in both the cluster and the non-
cluster case. No direct access to shared datais alowed when using

cl uster:: User Dat a<T>. Thisistrue both for reading and for writing, demonstrated in
Example 6.8, “Writing to Application-Specific Shared Data’, in Example 6.9, “Reading from
Application-Specific Shared Datain| at ePr eFr ane() ”, and in Example 6.10, “Reading
from Application-Specific Shared Dataindr aw( ) ”.

Example 6.8. Writing to Application-Specific Shared Data

voi d AppQbj ect: : preFrame()
{ i{f ( mMWTypeQbj.isLocal () )

/1 Conputations ...

nWwTypebj - >setIntData(...);
nWTypeQbj - >set ByteData(...);
nWTypebj - >set Fl oatData(...);
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i{f ( nBoneTypenj.isLocal () )

/1 Conputations ...

nSonmeTypeQbj - >setIntData(...);
nSonmeTypeOhj - >set ByteData(...);
nSonmeTypeChj - >set Fl oatData(...);

After the snapshot of the application-specific shared data for the current frame has been distributed to
the cluster nodes, it istime to read the shared data and set up the application state for rendering the cur-
rent frame. This should be done in the application object method | at ePr eFr ame() orindraw() .
Thisis demonstrated in Example 6.9, “ Reading from Application-Specific Shared Datain| at ePr e-
Franme() " and in Example 6.10, “Reading from Application-Specific Shared Datain dr aw( ) ”. All the
nodes in the cluster will read the results of the computations made in pr eFr arme() and set up the ap-
plication state before rendering. In general, there should be no need to use

cluster:: UserData<T>::isLocal () atthispoint.

Example 6.9. Reading from Application-Specific Shared Data in
| at ePr eFrame()

voi d AppQbj ect: : | at ePr eFrane()

mWTypeCbj - >get I nt Dat a() ;
mW TypeQbj - >get Byt eDat a() ;

St at eVar 1
nst at eVar 2
// And so on

Example 6.10. Reading from Application-Specific Shared Data in dr aw()

}/oi d Appnj ect::draw()

int state varl
char state_var2
// And so on ...
/! Render the scene ...

mW TypeQbj - >get I nt Dat a() ;
mW TypeQbj - >get Byt eDat a() ;

The choice of which method to use depends on the application type and on the data flow of the applica-
tion object. Scene graph-based application objects will not have adr aw( ) method, so| at ePr e-
Frame() must be used. For application object types not based on a scene graph (currently only

vrj:: d App), thereisatrade off to consider. If | at ePr eFr anme() isused, then the rendering state
information must be stored in member variables of the application class. If dr aw( ) isused, then the
state can be defined using stack variables within the method, but the additional function call overhead
and pointer derference (resulting from the use of the Smart Pointer pattern) could impact the application
frame rate. Remember that dr aw( ) isinvoked for every window and every viewport within each win-
dow. The number of callsto dr aw( ) increases further when stereoscopic rendering is enabled. If

| at ePr eFr ane() isused instead, the Smart Pointer overhead will only be exhibited once per frame.
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General Cluster Programming Issues

With the tools for VR Juggler cluster programming in hand, we can turn our attention to specific, higher
level areas that must be handled carefully when writing applications that may run on a graphics cluster.

Time-Based Computations

Using time as input to algorithms is avery common occurrencein VR applications. On a cluster,
however, each node has its own clock, and each node may start its frame loop at adlightly different time
than the other cluster nodes. Differences such as these would result in inconsistencies among the time-
based computations across the cluster nodes.

These problems can be avoided through afeature of the input data sharing feature of VR Juggler's
cluster support. Every time a Gadgeteer device driver takes a sample from the input device, atime stamp
is applied to the sample. Thistime stamp isincluded with the shared device data and can be accessed
through the device interfaces used by the application objects. A time delta since the last frame can then
be calculated. Use of thisis demonstrated in Example 6.11, “ Calculating Frame Deltas Using
vpr::Interval”.

Example 6.11. Calculating Frame DeltasUsing vpr : : | nt er val

static vpr::Interval |ast_frane;

vpr::Interval current_frame = nmHead->get Ti neSt anp();

vpr::Interval diff(current_frame - |ast_frane);

last _frame = current_frame; // You can get the delta
[

n mcroseconds from
/1 vpr::Uint64 delta = f.

[
ff.usecs();

I mportant

This technique implies that the Remote Input Manager plug-in (Rl MPI ugi n) and the Start
Barrier plug-in (St ar t Bar ri er Pl ugi n) must be used by the Cluster Manager.

Random Numbers

Random numbers are, by definition, random. When two computers generate a random number, thereisa
high likelihood that they will generate different numbers. However, the algorithms used to generate ran-
dom numbers on computers generate pseudo-random numbers. Pseudo-random numbers are generated
by algorithms that have a predictable nature. Given a known starting point (called a seed), the sequence
of numbers generated can be predicted. If the same algorithm is seeded identically on two separate com-
puters, the two segquences of generated random numbers will be identical. Varying the seed alows the
algorithms to generate different random sequences

Thisisavery important issue for VR application programming in a cluster configuration. When an ap-
plication object uses random numbers, each application instance across the cluster must generate the
same sequence of random numbers. With VR Juggler, there are two options for making this happen. The
first isto seed the random number generator algorithm identically on al the cluster nodes. Thisisan
easy solution as long as all the nodes use the same algorithm to generate random numbers. If the seed is
hard coded into the application object initialization, the random number sequence will always be the
same for every run of the application. While the numbers will still be random, the predictable nature of
pseudo-random number generators could become a detriment.

The second option is to use application-specific shared data, as described above in the section called
“ Application-Specific Shared Data’. In this case, only one node will generate the random numbers, and
the Application Data Manager will take care of sharing the most recently generated number(s) with the
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other nodes. Using this approach allows for better algorithm seeding and thus better random number
generation. It also avoids the issue of different computers having different random number generator al-
gorithms.

Troubleshooting Cluster Problems

In thisfinal section, we present some frequently asked questions regarding VR Juggler application pro-
gramming and clustering.

11
Why doesn't swap lock work with OpenGL Performer-based applications?

OpenGL Performer can make use of multiple processes to separate the App, Cull, and Draw ac-
tions. This allows Performer to spread its work out across three processors. Unfortunately, thisin-
terferes with cluster synchronization, so Performer multi-processing cannot be used in conjunction
with the cluster capabilitiesin VR Juggler. The VR Juggler Performer Draw Manager is already
written to disable multi-processing when the Cluster Manager is active.

1.2
Why is my application navigating differently on every screen?

All navigation must be based on time stamps returned from input devices. These time stamps, of
typevpr: : I nterval , can beacquired from any device interface that refers to a device being
shared across the cluster, and they can be used to compute the time deltas between frames. More
details can be found in the section called “ Time-Based Computations’.

13.
Why does my application hang at startup on all the nodes?

When using the Start Barrier Plug-in, the application object frame loop methods (pr eFr anme() ,
post Frane(),draw(), get Scene(), etc.) will not beinvoked until all the cluster nodes are
ready to run. The “ready to run” determination is made by waiting for al the cluster nodesto be
connected and for all the cluster plug-insto complete their initiaization. If al of the cluster nodes
are running and connected, then there is probably a problem with a cluster plug-in.

For example, the Application Data Manager will not initialize correctly on al nodesif the type-
specific GUIDs do not match on all nodes. In this case, disabling the Start Barrier Plug-in will res-
ult in the data-local cluster node being the only one that starts correctly. All the others will fail to
open any display windows. See the section called “ Application-Specific Shared Data’ for morein-
formation on this topic.

Adding Audio

Immersive applications often take advantage of sound to enhance suspension of disbelief. VR Juggler
application programmers have many options available to them for adding sound to their virtual environ-
ments. In this section, we describe the library Sonix that ships with VR Juggler. Sonix provides alayer
of abstraction for third-party audio libraries including OpenAL [http://www.openal.org/], Audiere [ht-
tp://audiere.sourceforge.net/], and AudioWorks [ht-
tp://www.multigen-paradigm.com/products/runtime/vega/modul es/audioworks.shtml]. In VR Juggler
2.0, thereis one Sound Manager implemented using Sonix. As such, Sonix is the easiest tool to use for
adding sound to VR Juggler applications, but it is not the only option.

Sonix provides simple audio sound objects on top of severa audio APIs. The interface to Sonix is kept
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very simplein order to get people up and running with sound as fast as possible. Sonix has the following
features:

» Simple accessto spatialized sound triggering.

» Small learning curve withsimple interface and usage.

» Abstracts several well-known audio systems to provide enhanced applicatin portability.
* Supports reconfigurability at runtime.

» Changing a sound resource reflects properly in all other handles to the same resource (resources allow
multiple users).

» Reconfigurations of sound resources are protected (i.e. reconfiguration does not break application).

» Supports features needed by 3D virtual environments including spatialized audio, ambient audio, one-
shot sounds, and looping sounds.

VR Juggler application programmers can use the full Sonix API directly, or they can take advantage of
the VR Juggler Sound Manager to reduce the amount of coding required. We will present both ap-
proaches. Example applications can be found in the directory

$VJ_BASE DI R/ shar e/ vrj uggl er/ sanpl es/ sound/ si npl e.

Using Sonix Directly

We begin our explanation of adding sound to a VR Juggler application by presenting the direct use of
the Sonix API. This requires more programming than using the VR Juggler Sound Manager, but it will
be useful to understand how Sonix operates in order to take full advantage of the Sound Manager. In
particular, reading this section is a necessary part of understanding general Sonix usage, and readers are
encouraged to read both this section and the next before deciding on which approach to use in their VR
Juggler applications.

Basic Sonix Usage

In Figure 6.1, “Basic Sonix Interface’, we see the API for Sonix (see Figure 6.2, “ The Sonix Design” for
the complete software architecture). The main parts that a sound programmer will use are the classes
snx: : SoundHandl e and shx: : soni x (asingleton). Thesnx: : SoundHandl e classisused to
manipulate individual sounds. Thesnx: : soni x singleton class is used to start, stop, and reconfigure
the sound system. Both classes must be used for any sound to be heard.

Figure 6.1. Basic Sonix I nterface
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snx=S5oundHandle snx:Singleton <sonixs

SOnix

+initvoid

+trigger:void _ — _

+isPlaying:bool +setlistenerPosition:void

+setRetriggerable:void +getListenerPosition:void

+isRetriggerable:bool +changeAPl:void

+stop:void + config ure:void

+pausevoid +step:void

+unpause:void

+isPaused:bool
+setAmbient:void
+isAmbient:bool
+setPitchBend void
+setVolume:void

+ setCutoff:void
+setPosition:void
+getPosition:void
+setListenerPosition:void
+configure:void
+remavevoid

Starting the Sonix system is easy. Basically, the only call needed to start the system is

snx: :soni x: : changeAPI () . The backend audio software isloaded into Sonix through a plug-in
system. The plug-in to useisidentified by a string name, one of “OpenAL”, “AudioWorks’, or
“Audiere’, as shown in Example 6.12, “Initializing the Sonix Sound APi”. The choice of which to use
depends on availability and compatibility. For example, AudioWorksis available on the IRIX operating
system, but it can only be used with abuild of VR Juggler that uses SPROC threads. On the other hand,
OpenAL and Audiere on IRIX can only be used with a pthreads build of VR Juggler.

Example 6.12. I nitializing the Sonix Sound APi

snx::soni x::instance()->changeAPI (" QpenAL");

Setting up a sound is designed to be simple, and an example of doing so is shown in Example 6.13,
“Setting Up a Sonix Sound Handle”. Here, we use an instance of snx: : SoundI nf o to configure the
sound object, which isin turn accessed by an instance of snx: : SoundHandl e.

Example 6.13. Setting Up a Sonix Sound Handle

snx: : Soundl nfo i nfo;
info.filename = "crack.wav";
i nfo. dat asource = snx:: Soundl nf o: : FI LESYTEM
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snx: : SoundHandl e crack_sound("crack");
crack_sound. configure(info);

Periodically, an update function must be called to keep Sonix running. The method is snx::sonix::step(),
and it takes a single argument of type float representing the time since the last time it was called. In gen-
eral, this should be invoked in the frame function of an application. In the context of VR Juggler, this
would be either pr eFr ane() or post Frame() inthe application object interface. An example of us-
ing this function is shown in Example 6.14, “ Sonix Frame Update”.

Example 6.14. Sonix Frame Update

voi d MyApp: : preFrame()

{
/1 Update application state for the current frane
1.,

e a systemcall or other API

float tine_delta = getTi neChangel nSeconds(); // us
/1 to get the tine delta

snx::soni X::instance()->step(tinme_delta);

Example 6.15. Complete Sonix Program Using OpenAL

1 #include <iostreanp
#i ncl ude <string>
#i ncl ude <snx/soni x. h>

5 int main(int argc, char* argv[])
std::string filenanme(:808kick.wav"), api("OpenAL");
if (! snx::FilelO:fileEkxists(filename.c_str()) )
10

std::cout << "File not found: " << filename << "\n" << std::flush;
return 1;

15 /] start sonix using OpenAL
snx::soni X::instance()->changeAPI (api);

/1 fill out a description for the sound we want to play
snx: : Soundl nfo sound_i nfo;
20 sound_info.filename = fil enane;

sound_i nf o. dat asour ce = snx:: Soundl nf o: : FI LESYSTEM

/1 create the sound object
snx: : SoundHandl e sound_handl e;

25 sound_handle.init("ny sinple sound");
sound_handl e. confi gure(sound_i nfo);

/1 trigger the sound
sound_handl e. trigger();
30 sl eep(1);

/1 trigger the sound froma different position in 3D space

94



Additional Application Programming Topics

sound_handl e. set Posi ti on(10. 0f, 0.0f, 0.0f);
sound_handl e. trigger();
35 sl eep(l);

/1 this simulates a running application

while (1)
{
40 snx::soni X::instance()->step(tine_delta);
}
return O;
}

Reconfiguration

Sonix is reconfigurable, allowing audio APIsto be swapped out at run time safely without the dependent
systems noticing. Applications using Sonix expect to be completely portable. Changing sound APIs at
run time can be useful so that the user can experiment with quality and latency differences of different
hardware and sound APIs. If no audio API isavailable on a given platform, callsto Sonix simply areig-
nored. This means that applications do not have to have special code to enable or disable sounds based
on the availahility of the backend sound software. These details are handled transparently by Sonix.

Everything in Sonix can be reconfigured behind the scenes during application execution. See Ex-
ample 6.16, “Reconfiguring Sonix at Run Time" for atrivial example of how to reconfigure Sonix in
C++. In amore complex context, this feature of Sonix has powerful implications. Sounds can be
changed on the fly, aswell asthe API being used to render the sound. Such details are hidden behind
sound handles and the snx: : soni x singleton.

Example 6.16. Reconfiguring Sonix at Run Time

1 // start sonix using OpenAL
snx: :soni X::instance()->changeAPI (" CpenAL");

/1 fill out a description for the sound we want to play
5 snx:: Soundl nfo sound_i nfo;
sound_i nfo.filename = "808kick.wav";

sound_i nf o. dat asour ce = snx:: Soundl nf o: : FI LESYSTEM

/1 create the sound object

10 snx:: SoundHandl e sound_handl e;
sound_handle.init("ny sound for testing");
sound_handl e. confi gure(sound_i nfo);

/1 trigger the sound
15 sound_handl e.trigger();
sl eep(l);

/1 trigger the sound using a different audio system
snx: :soni x::instance()->changeAPI (" Audi oWor ks") ;

20 sound_handl e.trigger();
sl eep(l);

/1 trigger our sound object using different source data
sound_info.filename = "303riff.wav";

25 sound_handl e. confi gure(sound_i nf o) ;
sound_handl e. trigger();
sl eep(l);
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Design and Implementation of Sonix

Before we conclude this section on using Sonix directly in applications, we examine the design details
of Sonix. These details are beyond the scope of what needs to be understood in order for Sonix to be
utilized by VR Juggler applications, so readers not interested in these details can skip ahead to the sec-
tion called “Using the VR Juggler Sound Manager”.

Sonix was designed using modern software design principles including design patterns and object ori-
ented design. The complete design of Sonix isdepicted in UML in Figure 6.2, “ The Sonix Design”. As
evidenced by the diagram, the design of Sonix is quite simple, though the classes tend to have relatively
large interfaces. Refer to the Sonix Programmer Reference, found on the Sonix documentaiton web page
[http://www.vrjuggler.org/sonix/docs.php], for complete documentation of these interfaces.

Figure 6.2. The Sonix Design
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+ configure:void
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+remove void
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+setRetriggerable:void
+isRetriggerable:bool 1
+stopovoid k=
+ pause:void

snx::Singleton <SoundFactory>
snx:SoundFactory
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+createlmplementation void
+regvoid

+5Soundimplementation
+clonexvoid
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+setRetriggerable:void
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+startAPlvoid
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+shutd own APl:void
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+stepovoid

+clear:void
+bindAll:void
+unbindallvoid
+bindvoid
+unbind:void
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0;-:

DataSource

Design Patterns Overview

Design patterns describe simple and elegant solutions to specific problemsin object oriented software
design. When designing Sonix, we used many design patterns appropriate for a simple audio system.

» Adapter (snx: : Soundl npl enent at i on). This adapter provides a common interface to the un-
derlying sound API.
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» Prototype (snx: : Soundl npl enment at i on). Making snx: : Soundl npl enent at i on aProto-
type allows a new cloned object to be created from it that has duplicate state.

 Store/plugin-method (snx: : SoundFact or y). Each sound implementation is registered with a
Store called snx: : SoundFact ory. This Store allows users to select items from itsinventory. An-
other name for Storeis“Abstract Factory.”

» Abstract Factory (snx: : SoundFact or y). The Store can create new instances of the requested
sound implementation. The Abstract Factory consults its Store of registered objects, and if found,
makes a clone of that object (Prototype pattern). The Abstract Factory is used in Sonix to configure
the Bridge.

» Bridge(snx: : soni x interface classand snx: : Soundl npl ement at i on). Thesnx: : soni x
classisthe audio system abstraction which is decoupled from its implementation
snx: : Soundl npl enent at i on. Thisway the two can vary independently. Bridge also facilitates
run-time configuration of the sound API.

» Proxy (std::stringandsnx:: SoundHandl e). snx: : SoundHandl e ishow users manipu-
|ate their sound object. snx: : SoundHandl e isactually aproxy toast d: : stri ng proxy. The
st d: : string Proxyiswhat allows Sonix reconfiguration of resources. Rather than using pointers
which can easily be left to dangle, thest d: : st ri ng servesasalookup for a protected sound re-
source located internally to the Sonix run-time memory space. Thesnx: : SoundHandl e wrapsthis
st d: : string toprovide asimple and familiar C++ object to use as the sound handle. The Sonix
class acts as Mediator between every Proxy method and the actual audio system Adapter.

Pluggable Audio Subsystems

Sonix supports the selection of several audio subsystems by the application through implementation
plug-ins (see Figure 6.3, “Use of Plug-insin Sonix”). Each plug-in implements an adapter to an underly-
ing audio subsystem. The adapter supports a common interface that Sonix knows how talk to. Each ad-
apter isthen registered with a factory object, which may ask that adapter to clone itself for use by
whomever called the factory.

Figure 6.3. Use of Plug-insin Sonix
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Using the VR Juggler Sound Manager

Now that we understand how Sonix works and how to useits simple API, we can go one step further
and simplify the usage even more. Similar to the graphics API-specific VR Juggler Draw Managers,
there exists the concept of a Sound Manager. There is a Sonix-specific Sound Manager implementation
that handles many of the details of Sonix usage.

The Sonix Sound Manager is configured using a config element of type sound_nmanager _soni X.
The config element sets the sound API to use, defines the llistener position, and sets up all the sound ob-
jectsthat will be used by the application. All of thiswould normally have to be done by the application
programmer using the snx: : soni x singleton, as presented above in the section called “Basic Sonix
Usage’. In Example 6.17, “ Example Sonix Sound Manager Conifguration”, we show a small example of
configuring the Sonix Sound Manager. Note that some parts of the config file are removed for brevity.
Aspects of thiswill be referenced in the code examples shown below.

Example 6.17. Example Sonix Sound Manager Conifguration

<sound_nmanager _soni x version="1">
<api >QpenAL</ api >
<l i stener_position>0.0</listener_position>
<l i stener_position>0.0</|istener_position>
<listener_position>0.0</listener_position>
<sound>
<sound nane="bunp" version="1">
<fil enane>${VJ_BASE DI R}/ share/vrjuggl er/ dat a/ sounds/ bunp. wav</fil enane>
<anbi ent >f al se</ anbi ent >
<retriggerabl e>fal se</retriggerabl e>
<l oop>1</| oop>
<pi tch_bend>1. 0</ pi t ch_bend>
<cut of f >1. 0</ cut of f >
<vol unme>1. 0</ vol une>
<posi tion>0. 0</ position>
<posi ti on>0. 0</ posi ti on>

98



Additional Application Programming Topics

<posi ti on>0. 0</ posi ti on>
</ sound>
</ sound>
<sound>
<sound nane="step" version="1">
<fil enanme>${VJ_BASE DI R}/ shar e/ vrjuggl er/ dat a/ sounds/ f oot st ep. wav</fil ena
<anbi ent >f al se</ anbi ent >
<retriggerabl e>fal se</retriggerabl e>
<l oop>1</| oop>
<pi t ch_bend>1. 0</ pi t ch_bend>
<cut of f >1. 0</ cut of f >
<vol unme>1. 0</ vol une>
<posi ti on>0. 0</ posi ti on>
<posi ti on>0. 0</ posi ti on>
<posi ti on>0. 0</ posi ti on>

</ sound>
</ sound>
<l-- Other sound objects ... -->

</ sound_nmmanager _soni x>

All sound files named in the config element are automatically loaded by the Sonix Sound Manager. User
applications simply declare sound handles that refer to the loaded sound objects. The VR Juggler applic-
ation classwill theninclude onesnx: : SoundHandl e instance for each sound object declared in the
Sonix Sound Manager config element, as shown in Example 6.18, “Declaring Sound Handles in Applic-
ation Object Class’. Thisisvery similar to the use of Gadgeteer device interfaces that provide accessto
deviceinput.

Example 6.18. Declaring Sound Handlesin Application Object Class

cl ass MySoundApp : public vrj::d App

public:
void init();
voi d preFrane();
/1 Qther application object interface nethods ...

private:
/1 Determines if the "bunp" sound should be triggered.
bool shoul dTri gger Bunp();

/! Determines if the "step"” sound should be triggered.
bool shoul dTri gger Step();

snx: : SoundHandl e nmBunmpSound,;
snx: : SoundHandl e nt epSound,;
/1 And so on ...

b

To get access to the sounds through the snx: : SoundHandl| e objects, the sound handles must be ini-
tialized. Thisis donein the same way as described earlier in the explanation of direct use of the Sonix
API. The sound handle initialization should be performed inthei ni t () method of the VR Juggler ap-
plication object, as shown in Example 6.19, “Initiaizing Sound Handles in an Application Object”. The
string value passed to snx: : SoundHandl e: : i ni t () isthe name given in the Sonix Sound Man-
ager config element. Again, we see similarity with the usage of Gadgeteer device interfaces.
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Example 6.19. Initializing Sound Handlesin an Application Object

}/Oi d MySoundApp::init()

mBunmpSound. i nit (" bunmp");
nt epSound. i nit("step");
// And so on ...

Finally, the sounds can be triggered in the application object pr eFr ame() method, shown below in
Example 6.20, “ Triggering Sounds in an Application Object”. They should not be triggered in the

dr aw() method because, as we have seenin earlier sections, dr aw( ) can be invoked multiple times
per frame. Thereis no need to call the function snx: : soni x: : st ep() inpreFranme() orin

post Fr ane() . Thisisdone automatically within the Sonix Sound Manager each time through the ker-
nel control loop.

Example 6.20. Triggering Soundsin an Application Object

voi d MySoundApp: : preFrane()
if ( shoul dTriggerBunp() )
nmBunmpSound. tri gger () ;

if ( shoul dTriggerStep() )
nSt epSound. tri gger();

Other methodsin the snx: : SoundHandl e class interface can be invoked on the sound handle ob-
jects. We have focused on simple rendering of sounds here. Refer to the Sonix Programmer Reference,
found on the Sonix documentation web page [http://www.vrjuggler.org/sonix/docs.php], for complete
documentation on the interface of snx: : SoundHandl e.
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Chapter 7. Porting to VR Juggler from
the CAVElibs™

In this chapter, we give some methods for porting an application written with the CAVEIlibs™ software
to VR Juggler. We explain the process for an OpenGL application. Throughout, we compare and con-
trast the techniques used by VR Juggler and the CAVElibs™ software, and we trand ate concepts famili-
ar to CAVElibs™ programmersinto VR Juggler terms.

The Initialize, Draw, and Frame Routines

In the CAVElibs™, theinitialize, draw, and frame routines are known as callbacks implemented with C
function pointers. In VR juggler, the equivalent routines are “ called back” using an application object.
An application object is a C++ class that defines methods to encapsul ate the functionality of the applica-
tion within asingle C++ object.

In CAVElibs™

The following lists the draw, frame, and initialize routines used in the CAVElibs™ software.

» Draw: An application's display callback function is defined by passing a function pointer to
CAVEDI spl ay()

* Frame: The frame function is defined with CAVEFr aneFunct i on()

« Init: Theinitialization callback is defined using CAVEI ni t Appl i cati on()

In VR Juggler

With VR Juggler, no C function pointers are necessary, but a pointer to an application object must be
given to the VR Juggler kernel. As described in earlier sections of this chapter, the first step isto derive
anew application classfromvrj : : G App. For moreinformation on application objects, it may be
helpful to review Chapter 2, Application Basics. Briefly, the application class definition would appear
similar to the following:

class MyApplication : public vrj::d App

{

b

The draw, frame, and initialize routine conceptsin VR Juggler are presented in the following list.

» Draw: An application's display “callback” function is defined by a member function called dr aw( )
in the derived class. Thisiswhere OpenGL rendering commands such asgl Begi n(), gl Ver -
tex(), etc. are placed.

» Frame: Calculations such as navigation, collision, physics, artificial intelligence, etc. are often placed
in the frame function. The frame function is split across three member functions:

1. MyApplication:: preFrane(), called beforedr aw()
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2. MyApplication::intraFrane(), caledduringdraw)
3. MyAppl i cati on:: post Frane(), called after dr aw()

* Init: Thereisan initialization member function for data and an initialization member function for cre-
ating context-specific data (display lists, texture objects). The latter is called for each display context
in the system. These two member functions are:

1. MyApplication::init(),caledonceperapplication startup
2. MyApplication::contextlnit(),caledonceperdisplay context creation
Readers who find some of these concepts unfamiliar are encouraged to read the section called “ OpenGL

Applications’. For information about context-specific data, refer to the section called “ Context-Specific
Data’.

Getting Input from Devices

Getting input from the hardware devices is conceptually the same, but the implementations are quite dif-
ferent between the CAVElibs™ software and VR Juggler.

In CAVElibs™

To get tracking information, the following functions are used:

o CAVEGet Position(id, pos)

e CAVEGetOrientation(id, orient)

o CAVEGet Vector (i d, vec)

e CAVEGet Sensor Posi tion(sensor, coords, pos)

» CAVEGet Sensor Ori ent ati on(sensor, coords, orient)

e CAVEGet Sensor Vect or (sensor, id, vec)
For button input, the following macros are used:

« CAVEBUTTONL, CAVEBUTTON2, CAVEBUTTON3, CAVEBUTTON4, CAVE_JOYSTI CK_X, and
CAVE_JOYSTI CK_Y

» CAVEBuUt t onChange()

In VR Juggler

To get device input, use the type-specific instantiations of gadget : : Devi cel nt er f ace<T>. They
include the following:

» gadget: : Posi tionl nterface for trackers and other positional devices
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» gadget:: Digitallnterface for buttonsand other on/off devices
» gadget : : Anal ogl nt er f ace for potentiometers and other multi-range data devices

» gadget : : Keyboar dMbusel nt er f ace for keyboard and mouse input

For more information about the VR Juggler device interfaces, refer to the section called “ Device Proxies
and Device Interfaces’. A tutorial on getting device input in VR Juggler applications can be found in the
section called “ Getting Input”.

Configuration

Configuration of VR Juggler and the CAVEIlibs™ software is very different. The differences are too nu-
merousto list here, but we give a brief overview and a pointer to the documentation that explains con-
figuration of VR Juggler.

In CAVElibs™

All configurable parametersgo in asinglefile called . caver c. The configuration mechanism is propri-
etary and not usable by external VR system software. In particular, VR Juggler cannot get its configura-
tion information from an existing . caver c file.

In VR Juggler

Configuration of VR Juggler is much more powerful and flexible than what is used by the CAVElibs™
software. Asaresult, it is also more complex. All configurable parameters could be in one or more files
with any names desired. VR Juggler comes with example configuration files that may be found in the
directory $VJ_BASE DI R/ shar e/ vrj uggl er/ dat a/ confi gFi | es.

The VR Juggler configuration system is completely extensible and could be used outside of VR Juggler.
Indeed, it could be used outside of any VR paradigm altogether. Refer to the Configuration Guide for
more information on configuring VR Juggler.

Important Notes

Finally, before we get to the source code, there are some important notes about programming VR Jug-
gler applications in general. Please read these carefully and refer to the indicated chapters for more in-
formation as necessary.

Shared Memory

Unlike the CAVEIlibs™ software, VR Juggler does not have to manage shared memory with other VR
Juggler instances. Thus, when writing a VR Juggler application, memory can be created asin a normal,
single-threaded C or C++ application.

OpenGL Context-Specific Data

Asaresult of the shared memory model described above, VR Juggler has different requirements for
context-specific data than the CAVElibs™ software. Information such as display lists and texture ob-
jects must be managed using context-specific data. A display context is the location to which OpenGL
rendering commands draw. Compiled OpenGL commands such as display lists do not get shared across
multiple contexts (or windows), and thus, they must be initialized once per display context. InaVR Jug-
gler application, these OpenGL initializations must be placed invrj : : G App: :contextInit().It
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is called once per display context after each context has become active. For a more detailed description
of these concepts and atutorial on how to use them, please refer to the section called “ Context-Specific
Data’.

Source Code

Thisfinal section isthe heart of the porting discussion. We present some source code as ameans to illus-
trate how CAVEIlibs™ concepts map to VR Juggler.

The Form of a Basic CAVElibs™ Program

1 void app_shared_i

nit();
void app_conpute_init();
void app_init_gl();
void app_draw);

5 void app_conpute();

void main(int argc, char **argv)

{

CAVEConf i gur e( &ar gc, ar gv, NULL) ;

10 app_shared_init(argc, argv);
CAVEl nit ();
CAVEI ni t Application(app_init_gl,0);
CAVEDI spl ay(app_draw, 0);
app_conpute_init(argc, argv);

15 \{Nhi e (!getbutton( ESCKEY))

app_conput e() ;

CAVEEXi t () ;
20 }

The Form of a Basic VR Juggler Program

1 class MyApplication : public vrj::d App
{

public:
/1 Data callbacks (Do not put OpenG. code here)
5 virtual void init();

virtual void preFrame();
virtual void IntraFrane();
virtual void postFrame();

10 // Open@& cal |l backs (put only OpenG. code here)
virtual void contextlnit();
virtual void draw();

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

/1 configure kernel with *.config files
vrj::Kernel* kernel = vrj::Kernel::instance(); // Get the kernel
for(int i=1; i<argc; i++)
20
/1 loading config file passed on command line...
ker nel - >l oadConfi gFil e(argv[i]);
}

25 /1l start the kernel
kernel ->start ();
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30

35

/1 set the application for the kernel to run
MyAppl i cation* application = new MyApplication();
kernel - >set Appl i cati on(application);

/1 Block until the kernel exits.
ker nel - >wai t For Ker nel St op() ;

return O;
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GLUT

In this chapter, we give some methods for porting an application written with GLUT to VR Juggler.
Throughout, we compare and contrast the techniques used by VR Juggler and GLUT, and we trandate
concepts familiar to GLUT programmersinto VR Juggler terms.

Window Creation and Management

In VR Juggler, window creation is done behind the scenes based on configuration file settings. There are
two display types: Surface and Simulator. A Surface Display can be put into three modes: stereo, right
eye, or left eye. Most interesting is the stereo mode. Stereo mode requires special hardware to display
stereo, and it creates the most immersive experience. A Simulator Display is specia because it emulates
an active VR system. It can show the all active user head positions and orientation, any active devices
such as gloves or wands, and any Surface Displays. The simulator window is nice for debugging track-
ing systems and for visualizing configured Surface Displays.

The Initialize, Draw, and Frame Routines
In GLUT

In GLUT, theinitialize, draw, and frame routines are known as callbacks implemented with C function
pointers. In VR juggler, the equivalent routines are called back using an application object. An applica
tion object isa C++ class that defines methods to encapsul ate the functionality of the application within
asingle C++ object.

» Draw: OpenGL commands are placed in the draw routine. The callback function is defined by passing
afunction pointer to gl ut Di spl ayFunc() .

» Frame: Operations on application data are done within the frame routine. No OpenGL commands are
alowed here because the display window is undefined at this point. The frame function is defined
with gl ut | dl eFunc() . Thisfunction generally doesagl ut Post Redi spl ay() to causethe
display callback to be executed.

* Init: Thereisno callback for initialization. Datainitiaization is done usually before the application
starts. Context initialization is done during the first run of the function set with gl ut Di spl ay-
Func() (oncefor each window opened).

In VR Juggler

With VR Juggler, no C function pointers are necessary, but a pointer to an application object must be
given to the VR Juggler kernel. As described in earlier sections of this chapter, the first step isto derive
anew application classfromvrj : : G App. For moreinformation on application objects, it may be
helpful to review Chapter 2, Application Basics. Briefly, the application class definition would appear
similar to the following:

class MyApplication : public vrj::d App
{

}s

106



Porting to VR Juggler from GLUT

The draw, frame, and initialize routine conceptsin VR Juggler are presented in the following list.

» Draw: An application's display “callback” function is defined by a new member function called
draw() inthederived class. Thisiswhere OpenGL rendering commands such asgl Begi n() ,
gl Vertex(), etc. are placed.

» Frame: Calculations such as navigation, collision, physics, artificial intelligence, etc. are often placed
in the frame function. The frame function is split across three member functions:

1. MyAppl i cation:: preFrane(), caled beforedr aw()
2. MyApplication::intraFrane(), caledduringdraw)
3. MyAppl i cati on:: post Frane(), called after dr aw()

* |nit: Thereisan initialization member function for data and an initialization member function for cre-
ating context-specific data (display lists, texture objects). The latter is called for each display context
in the system. These two member functions are:

1. MyApplication::init(),caledonceperapplication startup
2. MyApplication::contextlnit (), caledonceper display context creation
Readers who find some of these concepts unfamiliar are encouraged to read the section called “ OpenGL

Applications’. For information about context-specific data, refer to the section called “ Context-Specific
Data’.

Getting Input from Devices
In GLUT

For keyboard input, the following functions are used:

gl ut Keyboar dFunc( OnKeyboar dDown)

gl ut Keyboar dUpFunc( OnKeyboar dUp)
» gl ut Speci al Func( OnSpeci al Keyboar dDown)
e gl ut Speci al UpFunc( OnSpeci al Keyboar dUp)

For mouse input, the following functions are used:

» gl ut MouseFunc( OnMouseBut t on)
e gl ut Moti onFunc(OnMousePosi ti on)

» gl ut Passi veMot i onFunc( OnMousePosi ti on)

In VR Juggler
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To get device input, use the type-specific instantiations of gadget : : Devi cel nt er f ace<T>. They
include the following:

» gadget :: Posi tionl nterface for trackers and other positional devices

» gadget:: Di gital |l nterface for buttons and other on/off devices

» gadget : : Anal ogl nt er f ace for potentiometers and other multi-range data devices

* gadget : : Keyboar dMbusel nt er f ace for keyboard and mouse input

For more information about the VR Juggler device interfaces, refer to the section called “ Device Proxies

and Device Interfaces’. A tutorial on getting deviceinput in VR Juggler applications can be found in the
section called “ Getting Input”.

Configuration

Configuration of GLUT applicationsis quite different than configuration of VR Juggler applications. In
particular, VR Juggler is much more dynamic because configurations are maintained as files separate
from the application. In GLUT, the configuration must be written into the application somehow. This
can lead to very static, hard-coded configurations.

In GLUT

There is no built-in configuration system. All system settings are coded using the GLUT API.

In VR Juggler

VR Juggler has a powerful and flexible configuration system. Asaresult, it is also complex. All config-
urable parameters could be in one or more files with any names desired. VR Juggler comes with ex-
ample configuration files that may be found in the directory

$VJ_BASE DI R/ share/ vrjuggl er/ data/ configFiles.

The VR Juggler configuration system is completely extensible and could be used outside of VR Juggler.
Indeed, it could be used outside of any VR paradigm altogether. Refer to the VR Juggler Configuration
Guide for more information on configuring VR Juggler.

Important Notes

Finally, before we get to the source code, there are some important notes about programming VR Jug-
gler applicationsin general. Please read these carefully and refer to the indicated chapters for morein-
formation as necessary.

Shared Memory

VR Juggler is multi-threaded, and it uses a shared memory model across all threads. Thus, when writing
aVR Juggler application, memory can be created asin anormal, single-threaded C or C++ application.
VR Juggler iswritten entirely in C++, and as such, new and delete must be used instead of mal | oc()
andfree().

OpenGL Context-Specific Data
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As aresult of the shared memory model described above, VR Juggler has different requirements for
context-specific data than GLUT. Information such as display lists and texture objects must be managed
using context-specific data. A display context is the location to which OpenGL rendering commands
draw. Compiled OpenGL commands such as display lists do not get shared across multiple contexts (or
windows), and thus, they must be initialized once per display context. In aVR Juggler application, these
OpenGL initializations must be placed invrj : : A App: : context | ni t () .Itiscaled once per dis-
play context after each context has become active. For a more detailed description of these concepts and
atutorial on how to use them, please refer to the section called “ Context-Specific Data’.

Source Code

Thisfinal section isthe heart of the porting discussion. We present some source code as ameans to illus-
trate how GLUT concepts map to VR Juggler.

The Form of a Basic GLUT Program

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

/* initialize the application data here */
OnApplicationlnit();

/* create a window to render graphics in
* In VR Juggl er, window creation is done for you based on your configurati
* settings.
*/

10 gl utlnit WndowSi ze( 640, 480 );

glutlnit( &rgc, argv );

glutlnitDi splayMde( GLUT_RGBA | G.UT_DEPTH | G.UT_DQUBLE );

gl ut Creat eW ndow( "G.UT application" );

15 /* display call backs.
* NOTE: the first time Onldle is called is when you should

* initialize the display context for each w ndow
* (doing this is anal ogous to VR Juggler's
* vrj::d App::contextlnit() function)

20 */

gl ut ReshapeFunc( OnReshape );
glutldl eFunc( Onldle );
gl ut Di spl ayFunc( Onldle );

25 /* tell glut to not call the keyboard call back repeatedly
* when hol ding down a key. (uses edge triggering, |like the nmouse does)
*/
gl utl gnoreKeyRepeat ( 1 );

30 /* keyboard cal | back functions. */
gl ut Keyboar dFunc( OnKeyboar dDown ) ;
gl ut Keyboar dUpFunc( OnKeyboardUp );
gl ut Speci al Func( OnSpeci al Keyboar dDown ) ;
gl ut Speci al UpFunc( OnSpeci al KeyboardUp );

35

/* nouse cal |l back functions... */

gl ut MouseFunc( OnMused ick );

gl ut Mot i onFunc( OnMousePos );

gl ut Passi veMoti onFunc( OnMousePos );
40

/* start the application |oop, your callbacks will
* time for glut to sit and spin. [In Juggler this
* (see bel ow)

*/

now be call ed
is the sane as the while
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45 gl ut Mai nLoop() ;
}

The Form of a Basic VR Juggler Program

1 class MyApplication : public vrj::d App
{

public:
/1 Data callbacks (Do not put OpenG. code here)
5 virtual void init();

virtual void preFrame();
virtual void iIntraFrane();
virtual void postFrame();

10 // Open@& cal |l backs (put only OpenG. code here)
virtual void contextlnit();
virtual void draw();

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

/1 configure kernel with *.config files
vrj::Kernel* kernel = vrj::Kernel::instance(); // Get the kernel
for(int i=1; i<argc; i++)
20
/1 loading config file passed on command line...
ker nel - >l oadConfi gFil e(argv[i]);
}

25 /1l start the kernel
kernel ->start ();

/1 set the application for the kernel to run
MyAppl i cation* application = new MyApplication();
30 ker nel - >set Appl i cati on(application);

/1 Block until the kernel exits.
ker nel - >wai t For Ker nel St op() ;

35 return O;
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Chapter 9. System Interaction

In this part of the book, we present information for advanced users who want to create applications that
take advantage of VR Juggler features such as threading and run-time reconfiguration. While we do re-
commend that all programmers be familiar with these topics, readers who are not familiar with the basic
concepts of multi-threaded programming, for example, may find these chapters difficult to understand.
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Chapter 10. Multi-threading

In this chapter, we present how to use multi-threading within VR Juggler applications. Readers who are
not familiar with the basic concepts of multi-threaded programming may find the following sections dif-
ficult to understand. This chapter is written with the assumption that readers already know the necessary
background material and want to learn about how VR Juggler implements the concepts.

Techniques

VR Juggler is amulti-threaded software system. We have built up a cross-platform abstraction for
threads and synchronization primitives as part of making VR Juggler more portable. This abstractionis
available to application devel opers. In addition, the basic VR Juggler application object interface
provides a mechanism for inherent parallel programming in applications. In this section, we provide a
more detailed description of these techniques and how to put them into use.

To begin the discussion on multi-threaded programming with VR Juggler, we describe the techniques
available to application programmers. There are three options from which programmers may choose:

1. Usethevrj:: App: :intraFrame() application object member function

2. Usetriple-buffered datawith vrj : : App: : i ntraFrame()

3. Usetriple-buffered data with separate threads

Tutorial: Perform Computations Asynchron-
ously to Rendering with i ntr aFrane()

In this section, we present atutorial demonstrating the use of asynchronous processing and rendering.
The tutorial overview isasfollows:

* Description: Performing the computations to animate a mesh asynchronously to rendering the mesh.
» Objectives: Understand how to use multi-threading techniques in an application.

* Member functions: vrj :: App::init(),vrj::App::preFrame(),
vrj::App::intraFrame(),vrj::d App::draw)

* Directory: $VJ_BASE_DI R/ shar e/ sanpl es/ OGL/ si npl e/ MPApp
» Files: MPApp. h, MPApp. cpp, Mesh. h

Class Declaration and Data Members

The following code example shows the basics of declaring the class interface and data members for an
application that will use context-specific data. Thisis an extension of the simple OpenGL application
presented in the section called “ Tutorial: Drawing a Cube with OpenGL”. Note the addition of the con-
t ext I nit () declaration and the use of the context-specific data member nCubeDl | d.

1 usi ng nanespace vrj;
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class MPApp : public G App
{

5 public:
MPAPP() {;}
virtual void init();
virtual void preFrame();
virtual void draw();

10 virtual void intraFrane();
publ i c:
/1 The Mesh object used for computing and renderi ng.
Mesh mivesh;
15 c.
i

The preFranme() Member Function

We now show the implementation of MPApp: : pr eFrane() . Intheinitial version of the application,
the computation for the mesh animation is done here.

1 void MPApp:: preFrane()
{

nCur Ti ne += 0. 005;
mvesh. comput e( mCur Ti nre) ;

/1 Qther once-per-frane operations follow ...

}

Note

Note that in this example, the animation is based on the frame rate. It is much better to use a
time-based animation scheme. For this example, however, we will keep things simple.

The draw() Member Function

When we enter dr aw( ) , the computations for this frame's animation are complete. Thus, we can call
ther ender () method to display the new calculations.

1 usi ng nanespace gntl;
voi d MPApp: :draw()
{
5 gl A ear (G._DEPTH BUFFER BI T);

/]l --- Setup for drawing --- //
gl Mat ri xMode( GL_MCDELVI EW ;

10 gl Col or 3f (0. Of, 0.5f, 0.75f);
gl PushMatri x();
gl Scal ef (15. Of, 15. 0f , 15. Of ) ;
gl Rotatef(-90.0f,1.0,0.0,0.0);
nmvesh. render () ; /1 Render the nesh
15 gl PopMat ri x();

Exercise
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In the tutorial application code, perform the computations asynchronously to the rendering process by
usingi nt r aFr ame() . Recall from the section called “vrj : : App: : i ntraFrame()” (inthe sec-
tion called “Frame Functions”) that i nt r aFr ane() isinvoked in parallel to the execution of

draw().

Helper Classes

Vpr:

Vpr::

All the techniques presented in the previous section reguire some form of synchronization to protect the
data accessed by multiple threads. Developers who choose the third option and use separate threads must
learn the VR Juggler Portable Runtime (VPR) thread API. A full description of this APl is beyond the
scope of this book. In this section, we will describe at a high level the important classes. For more de-
tailed information, refer to the VR Juggler Portable Runtime Programmer's Guide.

- Thr ead

When considering multi-threaded programming, it isimportant to know that with great power comes
great responsibility. The power is being able to provide multiple threads of control in asingle applica-
tion. The responsihility is making sure those threads get along with each other and do not step on each
other'sdata. VR Juggler is a multi-threaded library which makes it very powerful and very complex.

As a cross-platform framework, VR Juggler uses an internal threading abstraction that provides a uni-
form interface to platform-specific threading implementations. That cross-platform interface is available
to programmers to make applications multi-threaded without tying them to a specific operating system's
threading implementation.

Thethreading interface in VPR is modeled after the POSIX thread specification of POSIX.1b (formerly
POSIX.4). The main difference isthat VPR's interface is object-oriented while POSI X threads
(pthreads) are procedural. The basic principles are exactly the same, however. A function (or class meth-
od) isprovided to thevpr : : Thr ead class, and that function is executed in athread of control that is
independent of the creating thread.

Threads are spawned (initialized and begin execution) when thevpr : : Thr ead constructor is called.
That is, when instantiating avpr : : Thr ead object, a new thread of execution is created. The semantics
of threads says that a thread can begin execution at any time after being created, and thisis true with

vpr : : Thr eads. Do not make any assumptions about when the thread will begin running. It may hap-
pen before or after the constructor returnsthevpr : : Thr ead object.

To pass arguments to threads, the common mechanism of encapsulating them in a C++ struct must be
used. The function executed by the thread takes only a single argument of type void*. An argument is
not required, of course, but to pass more than one argument to a thread, the best way to do thisisto cre-
ate a structure and pass apointer to it tothevpr : : Thr ead constructor.

Onceavpr: : Thr ead object is created, it acts as an interface into controlling the thread it encapsu-
lates. Thread signals can be sent, priority changes can be made, execution can be suspended, etc. This
interface is the focus of this section.

BaseThr eadFunct or

In this section, we explain the concept and use of functors. Aswith much of VR Juggler, afunctor isa
high-level concept that encapsulates something quite simple. A functor is defined as “ something that
performs an operation or afunction.” While thisis not very detailed, it is clear and concise. In VPR,
functors can be used as the code executed by athread.

In VPR, afunctor is simply another object type that happens to encapsulate a user-defined function. The
details on how thisis done are not important here, but they are provided later for those who are inter-
ested. What isimportant to know isthat afunctor can be thought of as a normal function. When using
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them, programmers simply implement a function and then pass the function pointer (and the function's
optiona argument) to the functor's constructor. The object does the rest.

Observant readers may have noticed the parenthetical phrase in the previous paragraph mentioning a
function's optional argument. Note that “argument” is singular meaning that only one parameter can be
passed to the function that will be run by the created thread. The type of that argument is the wonder-
fully vague void*, an artifact of basing the threading subsystem on C libraries. As discussed in the sec-
tiononusingvpr : : Thr eads, if thereis aneed to pass multiple arguments, they must be encapsulated
in astruct or a comparable object.

Once afunctor object exists, it ispassed tothevpr : : Thr ead constructor, and the new thread will ex-
ecute the functor (which knows about the function). The end result is the same as using a normal C/C++
function or a static class member function, but there is one special benefit: with functors, non-static class
member functions can be passed. In many cases, there arises a need to run a member function in a separ-
ate thread, but making it static is infeasible or awkward. Thus, it would be best to pass a non-static mem-
ber function to the created thread. To get access to the non-static data members, however, the C++

t hi s pointer must be available to the thread. By using a VPR functor, that is all handled behind the
scenes so that passing a non-static member function is straightforward.

Using the vpr: : Semaphor e Interface

The most important part of multi-threaded programming is proper thread synchronization so that access
to shared data is controlled. Doing so results in consistency among all threads. Semaphores are avery
common synchronization mechanism and have been used widely in concurrent systems. This short sec-
tion describes the cross-platform semaphore interface provided with and used by VPR. It does not ex-
plain what semaphores are or how to use them—it is assumed that readers are already familiar with the
topic lest they probably would not be reading this chapter on advanced classes at all.

Aswith threads, a cross-platform abstraction layer has been written into VPR to provide a consistent
way to use semaphores on al supported platforms. The primary goal behind the interface design isto
provide the common P (acquire) and V (release) operations. A given semaphore controls accessto n re-
sources. Thus, n threads can acquire a semaphore without blocking, but the n + 1 attempt to acquire the
semaphore will block until aresource release occurs. The interface does include methods for read/write
semaphores, but as of thiswriting, that part of the interface is not complete.

Using the vpr: : Mut ex Interface

In addition to cross-platform semaphores, VPR provides an abstraction for cross-platform mutexes. Mu-
texes are a special type of semaphore known as a binary semaphore. Exactly one thread can hold the
lock at any time. This very short section, however, is not about mutexes but rather about the

vpr: : Mut ex interface provided with VPR and used by VR Juggler.

The cross-platform mutex abstraction in VPR is critical for synchronizing access to shared data. Those
who have read the section on vpr : : Sermaphor e will find this section very, very familiar. The inter-
facefor vpr: : Mut ex isasubset of that for vpr : : Semaphor e since mutexes are binary semaphores.
In other words, they control accessto exactly one resource. They can be locked and unlocked. That isal
thereisto know. Thevpr : : Mut ex interface does include some methods for read/write mutexes, but
thisimplementation isincomplete and is not documented here for that reason. When the implementation
isfinished, this documentation will be expanded.

Using Data Buffering

In the reader exercise from the section called “Tutorial: Perform Computations Asynchronously to Ren-
dering withi ntraFrane() ", we do not suggest the use of mutexes to protect access to the data modi-
fiedini ntraFrane() and rendered indr aw( ) . When the mesh is rendered, some tearing will al-
most certainly be seen. This happens as aresult of data changing during the rendering of the data. In oth-
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er words, access to a critical section of code not being controlled. To prevent tearing, we need to protect
the internal mesh data. However, using a mutex to control access to the mesh will result in the computa-
tion and rendering being serialized. In so doing, we lose the value of parallelizing the computation and
rendering.

Triple Buffering

To work around this, we can use multiple buffers. More specifically, we will use three buffers: one for
reading, one for writing, and one as temporary storage of the most recently completed write(s). Thisis
called triple buffering, and it allows us to perform computation and rendering in parallel without causing
one process to wait on the other. The rendering buffer can be accessed without locking, as can the com-
putation buffer. The only time alock must be held is when the latest computations are copied into the
temporary storage buffer or when the contents of the temporary storage buffer are copied into the ren-
dering buffer. Thus, the key to triple buffering is the temporary storage buffer.

Implementing triple buffering is relatively straightforward, once the basic ideais understood. For this
discussion we will refer to the buffers as follows:

1. Sable: The buffer from which the most recent data will be read
2. Working: The buffer into which the current data will be written

3. Working Copy: The buffer used to store the last completed write results temporarily

Of the three, Working Copy is the only one that is shared between the threads, and thus, only one mutex
must be used. The mutex must be locked when swapping the contents of Stable and Working Copy and
when swapping the contents of Working and Working Copy. No lock must be held when reading from
Stable or when writing to Working. Thisis where the major benefit of triple buffering is realized.

In the thread that will write to Working, the implementation will follow this basic structure:
while ( KeepWiting )

Wite to Wirking

Lock Working Copy nutex

Swap Wor ki ng and Wor ki ng Copy
Unl ock Wor ki ng Copy nut ex

In the thread that will read from Stable, the implementation is (roughly) the reverse:
whi |l e ( KeepReading )
{
Lock Working Copy nutex
Swap Stabl e and Working Copy
Unl ock Wor ki ng Copy nut ex

Read from St abl e

Optimizing Triple Buffering

It is possible to optimize triple buffering to reduce the amount of time spent in the locked section. In-
stead of swapping the buffers, we can swap the pointers to the buffers. The result isthat we only haveto
swap (up to) eight bytes of memory, regardless of the size of the actual data.
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A very simple way to implement thisisto use a three-element array to hold the buffers and three vari-
ables to use asthe indices into the array. The variables can be named st abl e, wor ki ng, and wor k-
i ng_copy, for example. All accessesinto the array of buffers use one of those three values. In other
words, the thread reading from Stable will use buf f er [ st abl e] to get its buffer. Similarly, the
thread writing to Working will use buf f er [ wor ki ng] . Swapping the buffers simply involves chan-
ging the values of st abl e andwor ki ng_copy or wor ki ng andwor ki ng_copy.

In the thread that will perform the writing, the pseudo-code for swapping is as follows:

Lock Working Copy nutex
tenp = working
wor ki ng = wor ki ng_copy
wor ki ng_copy = wor ki ng
Unl ock Worki ng Copy Mt ex

Similarly, in the thread that will perform the reading, the pseudo-code for swapping is as follows:

Lock Working Copy nutex
tenp = stable
st abl e = wor ki ng_copy
wor ki ng_copy = stable
Unl ock Wor ki ng Copy Mt ex

In these examples, it takes three memory copies to swap the two values. Use of the temporary storageis
required (at the C/C++ level), and thus, swapping the memory cannot be done any faster, regardless of
the size of the data buffers.

Using Triple Buffering in an Application

Triple buffering can be used in VR Juggler applicationsin two ways: ini nt r aFr ame() or in a separ-
ate thread. In both cases, the operations will happen asynchronously to thedr aw( ) thread, so the uses
areroughly equivalent. Using i nt r aFr ame() iseasier than creating a separate thread because the par-
alel processing comes “for free” withi nt r aFr ame() . No special actions must be taken on the part of
the application developer. Programmers must keep in mind, however, that if the computations will take
longer than the rendering, the application frame rate will drop. Thisis because the next frame cannot
start until after i nt r aFr ane() completes. Thus, using athread will increase the complexity of the ap-
plication code somewhat, but it will ensure that the frame rate will not be adversely affected.

Tutorial: Perform Computations Using Triple Buffering

In thistutorial, we will use MPApp again to do parallel computation and rendering. Thistime, however,
we will use triple-buffered, protected datainstead of simply writingini nt r aFr ane() and reading
(simultaneously) indr aw( ) . It will be best to begin with an unmodified version of MPApp to ensure
that no changes made for the previous tutorial affect this exercise.

Using theinformation presented earlier in this section, the exercise is to extend the Mesh class (found in
Mesh. h) sothat it uses triple buffering for computation and rendering. It is up to the reader to decide
whether to use threads (refer to the documentation for vpr : : Thr ead in the section called

“vpr:: Thr ead” and in the online Programmer Reference) or tousei nt r aFr ame() . Either way, a
singlevpr : : Mut ex instance will be needed, so it may be helpful to review the section called “Using
thevpr: : Mut ex Interface” aswell.
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In this chapter, we introduce run-time reconfiguration, one of the most powerful features of VR Juggler.
We will give an overview of how it works before proceeding into how to useit. The idea here is to intro-
duce the concepts, justify the value of run-time reconfiguration, and then present its use so that de-
velopers can take full advantage of this feature.

How Run-Time Reconfiguration Works
Reasons to Use Run-Time Reconfiguration

Using Run-Time Reconfiguration in an Applica-
tion

There are four steps involved in adding run-time reconfiguration to a VR Juggler application. We de-
scribe each of them in detail here in the following subsections.

Create Application-Specific Configuration Definitions

Thefirst step in adding dynamic reconfiguration capabilities to an application is to decide what aspects
of the application should be configurable. Naturally, thisis very application-specific, but some of the
following choices are common:

* Initial parameters (position, color, etc.) of objectsin the environment
» Navigational position

» Global settings such as difficulty level of agame, or network settings for a distributed application

Once decisions are made regarding configuration information, it is time to define the kinds of configura-
tion elements that will contain it. This essentially means creating a file containing one or more configur-
ation definitions. To understand this better, consider the following example. One might define an
“Object” definition in an application. The definition would have properties that include the name and
type of an object, its color and size, and so forth.

There are several ways to ensure that custom configuration definitions are read by the application. One
way isto load the definition file explicitly (described below), but the simplest way is to include the cus-
tom definition file from one of the configuration files the application loads at startup. Instructions for
editing configuration definition files and creating new kinds of definitions are included in the VRIConfig
User's Guide.

Implement the Dynamic Reconfiguration Interface

The next step is to implement the dynamic reconfiguration interface for the application object. Thisin-
terface isdefined by thej ccl : : Confi gEl ement Handl er class and consists of three methods:
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virtual bool configCanHandl e(jccl::ConfigEl ementPtr el enent);

This function should simply return a Boolean (true or false) depending on whether this object knows
how to deal with the configuration element passed to it. If this element uses an application-custom
definition, this should returnt r ue. For example:

std::string s = el enent->get Type();
if ( !'jccl::strcasecnp(s, "my_custom el enment _type") )

return true;

virtual bool configAdd(jccl:: ConfigEl enentPtr el enent);

This method is called whenever an element is added to the application, whether by loading a config-
uration file or through a dynamic reconfiguration event. Prior to this, the element will have been
passed through the application object'sconf i gCanHandl e() method. Thus, when conf i -
gAdd() iscalled, the element is destined for the application object.

When conf i gAdd() iscalled, the application should look at the element passed to it and decide
what to do. This might involve creating a new object, changing the configuration of an extant object,
changing the values of certain variables, or any number of other possibilities. Thisflexibility is part
of the power of dynamic reconfiguration with VR Juggler.

virtual bool configRenove(jccl::ConfigEl ementPtr el enent);

This method is analogous to conf i gAdd() . Itis called when VR Juggler receives acommand to
remove a particular configuration element. If the element refers to a specific object in the application,
the most obvious behavior would be to remove that particular object. If the element refers to some
other properties of the application, there are several choices for the correct behavior. For example,
one might choose to reset those propertiesto their default values. In some cases, it may be desirable
or necessary to ignore the remove request.

Procesing Configuration Elements

When an application receives a configuration element to processviaconf i gAdd() or confi gRe-
nove( ), it needsto retrieve the datain that element in order to decide what to do. Configuration ele-
ments can be very complex, but the interface has been designed to be as simple as possible. We now de-
scribe afew of the most important methodsinthej ccl : : Conf i gEl ement API.

std::string jccl::ConfigElenent::getlD() const;

This method returns the token of the configuration definition which describes this element. Thisis
useful if an application uses severa kinds of custom element types. With this method, it is possible to
distinguish one from another.

T jccl:: ConfigEl ement::getProperty<T>(std::string& propertyToken,

121



Run-Time Reconfiguration

int num;

Thisisthe key method for getting the information contained in a configuration el ement. Its arguments
are the token associated with a property and a numeric index. For example, a property might store a
coordinate with three values, each of which can be accessed separately by using the numbers 0, 1, or 2
for the numparameter.

The return value and the template parameter for this method need some explanation. Basicaly, the re-
turn value of get Pr opert y() iscast to whichever type the caller expectsto receive. Thistypeis
named using the template paramter. (It is assumed that the caller knows the types of values stored in a
given property.) The use of the template paramter allows any type to be used through the type-specific
specialization performed by the C++ compiler. The following code fragment gives afew examples of
this usage:

std::string s1 = el ement->get Property<std::string>("name", 0);
bool b = el enent - >get Property<bool >("enabl ed");

std::string s3 = el ement - >get Property<std::string>("enabled");
/1 s3 will be one of the strings "0" or "1"

jecl::ConfigEl ementPtr elt = el enent->get Property<jccl::ConfigEl ementPtr>("child

int jccl::ConfigEl enment::getNun{const std::string& propertyToken) const;

Sometimes properties of a configuration element can have a variable number of values. A good ex-
ampleisaproperty that lists a set of filesto be loaded. The get Num() method returns the actual
number of values of the named property.

For definitive information about thej ccl : : Confi gEl ement API, refer to the JCCL Programmer's
Reference.

Loading and Saving Configurations

Tutorial: Using Application-Specific Configura-
tions

In this section, we present atutorial covering the use of application-specific configurations. The tutorial
overview is asfollows:

 Description: Simple OpenGL application that draws a cube in the environment.

Objectives: Understand how the conf i gCanHandl e() and confi gAdd() member functionsin
jccl:: Confi gEl enent Handl er work; create application-specific configurations using JCCL

e Member functions: j ccl : : Confi gEl ement Handl er: : confi gCanHandl e(),]j c-
cl:: ConfigEl ement Handl er: : confi gAdd(),vrj::d App::draw()

Directory: $VJ_BASE DI R/ shar e/ sanpl es/ OGL/ si npl e/ Conf i gApp
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» Files:confi g_app. | def, Confi gApp.j conf, Confi gApp. h, Confi gApp. cpp

Class Declaration

The following application classis called Conf i gApp. Itisderived fromvrj : : @ App and has custom
confi gCanHandl e(),confi gAdd(),init(),anddraw() methodsdeclared. Note that the ap-
plication declares several device interface members that are used by the application for getting device
data

1 usi ng nanespace vrj;
usi ng nanespace gadget;

cl ass sinpleApp : public G App
{

public:
si mpl eApp() ; , , ,
virtual bool configCanHandl e(jccl:: ConfigEl ementPtr el enent);
virtual bool configAdd(jccl:: ConfigElementPtr el enment);
10 virtual void init();
virtual void draw();

publi c:
Posi tionlnterface mMand;
15 DigitallInterface nmButtons[3];

GLfl oat nBurfaceCol or _
GLfl oat nBurfaceCol or _
GLfl oat nBurfaceCol or _
20 GLfl oat nBurfaceCol or _

}s

[
3];
3]
3]
3]

ccCc——

Application Configuration
Note

Readers unfamiliar with the JCCL terminology should refer to the JCCL documentation. We
will not attempt to give afull explanation of how JCCL works here.

In the example application ConfigApp, we will see how to configure the color of the ground in the 3D
scene using JCCL. The configuration is based on a configuration element definition that defines four
properties, each with three values. The ground is defined as a rectangular polygon, and each property
corresponds to one of the corners of the rectangle. The values of the property are the red, green, and blue
values for the color of the corresponding corner vertex.

In Example 11.1, “Completelisting of conf i g_app. j def ”, we show all of confi g_app. j def.
This contains many key pieces of information. The “name” attribute defines the type of the configura-
tion element(s) that will appear in aconfiguration file. In our case, our config element typeis
“config_app.” Under thedef i ni ti on_ver si on tag, the category for our configuration element is
defined to be “Application.” Thisis done to indicate that thisis an application-specific configuration
definition. Finally, we see the property description for the corner colors, each of which has three float-
ing-point values. The values have defaults of 1.0 for red, 0.0 for green, and 0.0 for blue. As such, the
lower |eft corner vertex color defaultsto red. The property definitions for the other three corners are
similar.

Example 11.1. Completelisting of confi g_app. j def
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<?xm version="1.0" encodi ng="UTF-8"?>
<?org-vrjuggler-jccl-settings definition.version="3.1"?7>
<definition xmns="http://ww.vrjuggler.org/jccl/xsd/3.1/definition"
xm ns: xsi ="http://ww.w3. org/ 2001/ XM_Schena-i nst ance"
xsi : schemaLocati on="http://ww. vrjuggler.org/jccl/xsd/3.1/definition h
nane="confi g _app">
<definition_version version="1" | abel =" Confi gApp configuration">
<hel p>This is an application-specific configuration definition for use with
<parent/>
<cat egor y>/ Appl i cat i on</ cat egory>
<property val uetype="float" variabl e="fal se" name="lower_|eft_color">
<hel p>Specifies the RGB values for the |ower |left corner color.</hel p>
<val ue | abel ="Red val ue" defaul tval ue="1.0"/>
<val ue | abel =" Green val ue" defaul tval ue="0.0"/>
<val ue | abel ="Bl ue val ue" defaul tval ue="0.0"/>
</ property>
<property val uetype="float" vari abl e="fal se" nanme="|ower_right _col or">
<hel p>Specifies the RG values for the | ower right corner color.</hel p>
<val ue | abel =" Red val ue" defaul tval ue="1.0"/>
<val ue | abel =" G een val ue" defaul tval ue="0.0"/>
<val ue | abel ="Bl ue val ue" defaul tval ue="0.0"/>
</ property>
<property val uetype="float" vari abl e="fal se" name="upper_right_col or">
<hel p>Specifies the RE values for the upper right corner color.</hel p>
<val ue | abel ="Red val ue" defaul tval ue="1.0"/>
<val ue | abel =" Green val ue" defaul tvalue="0.0 "/>
<val ue | abel ="Bl ue val ue" defaul tval ue="0.0"/>
</ property>
<property val uetype="float" variabl e="fal se" nanme="upper _|left_color">
<hel p>Specifies the RG values for the upper |left corner color.</hel p>
<val ue | abel =" Red val ue" defaul tval ue="1.0"/>
<val ue | abel =" Green val ue" defaul tval ue="0.0 "/>
<val ue | abel ="Bl ue val ue" defaul tval ue="0.0"/>
</ property>
<upgr ade_transform >
</definition_version>
</ definition>

Using this configuration definition, we can create an instance of our configuration type in a configura-
tion file. An exampleinstance is shown in Example 11.2, “Conf i gApp. j conf ". Here, we see the
configuration for all four corners of the rectangular ground polygon. Note also that no special steps have
to be taken in the configuration file to load the definition file. Thisis handled automatically by the JCCL
Configuration Manager as long as the environment variable $JCCL_DEFI NI TI ON_PATH includes the
directory whereconfi g_app. j def sits. A typical way of setting this environment variable for this
application would be the following:

% JCCL_DEFI NI TI ON_PATH = $VJ _BASE DI R/ share/ data/definitions: $vJ_BASE DI R/ share/ sa

Tip
If the syntax above for setting an environment variable does not seem familiar, refer to the

chapter titled “ Environment Variables’ in the VR Juggler Getting Sarted Guide for a descrip-
tion of this shell-agnostic form.

Caution

Itiscritica that $vJ BASE_DIR/share/data/definitions be included or else all the “core”
. ] def fileswill not be found by the Configuration Manager at run time.
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Example 11.2. Conf i gApp. j conf

<?xm version="1.0" encodi ng="UTF-8"?>
<?org-vrjuggler-jccl-settings configuration.version="3.0"?>
<configuration xm ns="http://ww. vrjuggler.org/jccl/xsd/3.0/configuration"
nanme=" Conf i gApp Exanpl e Confi guration"
xm ns: xsi ="http://ww.w3. org/ 2001/ XM_Schena-i nst ance"
xsi : schemalLocati on="http://wwmv. vrjuggl er.org/jccl/xsd/ 3.0/ configura
<el ement s>
<config_app nane="Config App Exanple" version="1">
<l ower _| eft_color>1.0</l ower_left_col or>
<l ower | eft _col or>0.0</lower |eft color>
<l ower | eft _color>0.0</lower |eft color>
<l ower _right _col or>1.0</lower_right _col or>
<l ower _right_col or>1.0</| ower_right_col or>
<l ower _right _col or>0.0</| ower _ri ght_col or>
<upper _right _col or>0. 0</ upper _ri ght _col or>
<upper _ri ght _col or>1. 0</ upper _ri ght _col or>
<upper _right _col or>0. 0</ upper _ri ght _col or>
<upper _| eft _col or >0. 0</ upper _l eft_col or>
<upper _| eft _col or >0. 0</ upper _l eft_col or>
<upper _| eft _col or>1. 0</ upper _left_col or>
</ config_app>
</ el ement s>
</ configuration>

The confi gCanHandl e() Member Function

Theimplementation of conf i gCanHandl e() islocated in Conf i gApp. cpp. It will be invoked
whenever anew configuration element isfound, and itsjob isto tell the JCCL Configuration Manager if
it can be handled or not. The full implementation is as follows:

bool Confi gApp: : confi gCanHandl e(jccl:: Confi gEl enentPtr el enent)
{

const std::string nmy_type("config_app");

return (nmy_type == el enment->getlX));
}

We define the element type that the application knows how to handle (named “ConfigApp”, as shown
above), and wereturnt r ue if that type matches the type of the newly loaded configuration element.

The confi gAdd() Member Function

When a configuration element matching our typeis loaded, the method conf i gAdd() isinvoked. The
parameter passed in isthe full configuration element that was loaded. The job of conf i gAdd() isto
read the information from the configuration element and configure the application based on what is read.
In this specific case, we will read color information used for coloring the ground polygon in the scene. A
partial implementation of Conf i gApp: : confi gAdd() follows:

bool Confi gApp:: configAdd(jccl:: ConfigEl ementPtr el enent)
{
const std::string |l _color("lower_left_color");

/1l Get the color settings for the lower left corner (I1).
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for (int i =0; i < elenment->getNun(ll _color); ++i )

nSurfaceColor _II[i] = el ement->getProperty<float>(I1_color, i);

}

/1 Get the color settings for the other three corners ...

}

Note that we are reading the values from the property named “lower_left_color.” While we know that
there are three (3) valuesto read, we ask the configuration how many valuesit has just to be safe.

The draw() Member Function

For this application, the draw() member function is not terribly interesting. It renders the ground, and the
colors for the four vertices are set using the member variables. Of course, the values for these member
variables are set using the configuration file, and that is the interesting aspect.

Exercise
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Chapter 12. Extending VR Juggler

VR Juggler can be extended in ways beyond the application object. In this chapter, we review points of
extensibility briefly and provide pointers to more complete information for interested readers.

Device Drivers

Please refer to the Gadgeteer [http://www.vrjuggler.org/gadgeteer/docs.php] Device Driver Authoring
Guide for a comprehensive description of how to write device drivers for use with VR Juggler applica
tions.

Custom Simulators

To learn about how to add custom simulators to VR Juggler, please refer to the VR Juggler Extension
Guide.

Simulator Components

The basic simulator for the OpenGL Draw Manager uses draw functors to render the simulator compon-
ents including the head and the wand. Users can provide their own draw functors to customize the look
of the basic simulator without going to the trouble of writing a custom simulator.
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Chapter 13. Advanced Topics

In this chapter, we address topics that are considered to be for advanced uses of VR Juggler. Thisisnot
to say that they are difficult concepts or hard-to-use features. Rather, they are not things that the average
VR Juggler application programmer will do or even need to be aware of when writing VR software.
These are important, interesting, and worthwhile topics nonetheless.

Customizing Render Thread Processor Affinity

VR Juggler 2.2.1 introduced the feature of adjustable render thread processor affinity for Linux and
IRIX users of the OpenGL Draw Manager. The default mechanism for defining processor affinity is
based on an environment variable and the use of a simple round-robin scheme for the case of having
more graphics pipes than processors. More tailored uses of render thread processor affinity can be
achieved by giving the OpenGL Draw Manager a custom affinity assignment algorithm. That will be the
topic of this section.

The OpenGL Draw Manager classvr j : : G Dr awivanager hasamethod named set CpuAf fi n-
ityStrategy() that takesasitsargument acallable object. Thisis encapsulated using a
Boost.Function object of type boost::function<int (const unsigned int)>, which in English is a function
that takes a single constant unsigned integer (the pipe identifier) and returns a signed integer (the pro-
cessor identifier). Anything that can be encapsulated by a Boost.Function object can be used. That in-
cludes a pointer to a C function, a pointer to a static C++ class member function, a value returned by
boost : : bi nd(), or an instance of a class that overloads oper at or () . This usage implements the
Strategy Pattern where functionality is plugged in at run time. The default behavior isto use an instance
of vrj:: CpuAffinityFronEnv, assignedinthevrj :: d DrawVanager constructor.

Thejob of this callable object isto map the pipe identifier to the processor to which affinity will be as-
signed for the render thread of the pipe. The processor identifier is a signed integer so that a negative
value can be used to indicate that no affinity should be assigned for the render thread of the pipe. The
exact means by which it accomplishes this can vary, and that is the power of the Strategy Pattern in this
context.

To provide a customized processor affinity assignment algorithm,

vrj::d Drawivanager: : set CpuAffinityStrat egy() must beinvoked at the correct time.
The OpenGL Draw Manager uses whatever affinity assignment algorithm it has as soon asiit determines
thatvrj : : A Pi pe objects need to be created. Thisis done as part of the VR Juggler run-time recon-
figuration process. Therefore, to guarantee that all pipes use the customized algorithm,

vrj::d Drawianager: : set CpuAffinityStrategy() mustbe called before calling
vrj::Kernel::start(),themethod that startsthe VR Juggler kernel control loop. Since the ker-
nel control loop is normally started in the application mai n() function, the most likely place for a call
tovrj::d Drawivhnager: : set CouAffinityStrategy() isasoinmai n() . Of course, this
can vary depending on how VR Juggler is being used, so the most important thing to understand is that it
must happen beforevrj : : Kernel : :start () iscaled.

Making a Custom NSAppl i cat i on Delegate on
Mac OS X

The Cocoa support for VR Juggler is designed to take advantage of the flexibility of Cocoa application
design and, more generally, the flexibility of the Objective-C language. Specifically, VR Juggler applic-
ation programmers targeting Mac OS X have a unique opportunity to customize the behavior of VR Jug-
gler application behavior. Behind the scenes, vr j : : CocoaW apper registers adelegate, an instance
of the Objective-C class VRIBasi cDel egat e, with the NSAppl i cat i on singleton. Messages from
NSAppl i cat i on arereceived and handled by this object. VR Juggler application programmers can
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tailor the handling of these messages by creating and using a custom NSAppl i cat i on delegate.

The full details of delegates and customizing the behavior of NSAppl i cat i on are well beyond the
scope of this document. Readers are referred to Apple's documentation for Cocoa [ ht-

tp://devel oper.apple.com/referencelibrary/GettingStarted/GS_Cocoal/index.html] and NSAppl i cati on
classreference [ht-

tp://devel oper.appl e.com/documentation/Cocoa/Reference/A pplicationKit/Classes/NSApplication_Class
/Reference/Reference.html]. We will proceed from here under the assumption that readers are aready
familiar with the relevant and necessary topics including, but not limited to, Objective-C, Objective-
C++, and NSAppl i cati on.

In atypical Cocoa application, the delegate would be given to the NSAppl i cat i on singleton instance
by sending that object the- set Del egat e: message. Doing so, however, will interfere with the proper
functionality of VR Juggler. Thus, the registration mechanism is done using the VRIDel egat eCl ass
property in Cont ent s/ Resour ces/ vrj uggl er. pl i st . Thedefault value of this property is
VRIBasi cDel egat e. By changing thisto the name of the custom class, vrj : : CocoaW apper
will instantiate, register, and use the custom class instead. (Being able to do thisis asimple and elegant
feature of Objective-C.)

There are two ways to create a custom del egate class. The class can either stand on its own as a subclass
of NSCbj ect , or it can derive from VRIBasi cDel egat e. The decision about which approach to use
depends on whether complete or partial customization is desired. For this discussion, we will focus on
complete customization—that is, creating a new delegate type by deriving from NSObj ect .

It isworth pointing out that VRIBasi cDel egat e is not necessarily designed to be extended. It
can be customized, but mainly, this customization is done by overriding methods to replace the
behavior of the base class rather than to extend it. Refer to the implementation of VRI -

Basi cDel egat e to get abetter idea of the implications of overriding it for the purposes of cus-
tomization. The code can be found in nodul es/ vrj ug-

gl er/vrj/ Kernel / VRIBasi cDel egat e. nmand nodul es/ vrj ug-

gl er/vrj/Kernel /VRIBasi cDel egat e. h.

As noted, the job of the delegate is to respond to messages from NSAppl i cat i on. The messages that
are delivered to the del egate are documented in the NSAppl i cat i on reference, and we will not du-
plicate that information here. Instead, we will concentrate on a small subset of these messages related to
document loading. The purposeis twofold. First, this explanation helps in understanding the implement-
ation of VRIBasi cDel egat e, thereby clarifying options for customizing the behavior of that class.
Second, document loading is aprominent topic in Mac OS X application development, and it islikely to
be of the most interest to VR application programmers, too.

To get things under way, have aglance at Example 13.1, “MyDel egat e. nm Basic Delegate Imple-
mentation”. It isarelatively simple class that uses Objective-C++ capabilities to create a ssimple bridge
between NSAppl i cati onandvrj : : Ker nel . The documents being loaded in this case are VR Jug-
gler configuration files, but it is not much of aleap to imagine the use of any other document type (i.e.,
datafile used asinput to the application). We will review each of the methods of this class.

Example 13.1. MyDel egat e. nm Basic Delegate Implementation

1 #inmport <Foundation/ NSArray. h>
#i mport <Foundati on/ NSStri ng. h>
#i mport <AppKi t/ NSApplication. h>

5 #include <vrj/Kernel/Kernel.h>

129


http://developer.apple.com/referencelibrary/GettingStarted/GS_Cocoa/index.html
http://developer.apple.com/referencelibrary/GettingStarted/GS_Cocoa/index.html
http://developer.apple.com/referencelibrary/GettingStarted/GS_Cocoa/index.html
http://developer.apple.com/documentation/Cocoa/Reference/ApplicationKit/Classes/NSApplication_Class/Reference/Reference.html
http://developer.apple.com/documentation/Cocoa/Reference/ApplicationKit/Classes/NSApplication_Class/Reference/Reference.html
http://developer.apple.com/documentation/Cocoa/Reference/ApplicationKit/Classes/NSApplication_Class/Reference/Reference.html
http://developer.apple.com/documentation/Cocoa/Reference/ApplicationKit/Classes/NSApplication_Class/Reference/Reference.html
http://developer.apple.com/documentation/Cocoa/Reference/ApplicationKit/Classes/NSApplication_Class/Reference/Reference.html

Advanced Topics

@nterface MyDel egate : NSObj ect
{
10 BOOL nioadConfi gs;

}
@nd
@ npl enent ati on MyDel egat e
15 -(id) init
nm_LoadConfi gs = YES;
return [super init];
20
-(void) setlLoadConfigs: (BOO.) | oad
nm_LoadConfi gs = | oad;
25 }
-(BOOL) applicationShoul dTer m nat eAft er Last W ndowCl osed: ( NSAppl i cati on*) se
{
/1 We return NO here because we have a different way of shutting down
/1 the application. Wien vrj::Kernel::stop() is invoked, it will cause
30 /1 the application run loop to stop by invoking
/1 vrj::CocoaW apper::stop().
return NO
}
35 -(void) applicationbi dFi ni shLaunchi ng: (NSNotification*) aNotification
/1 We're ready to allow wi ndows to open
NSCondi ti onLock* | ock = gadget: : | nput AreaCocoa: : get W ndowLock() ;
[l ock unl ock];
40 }

-(BOOL) application: (NSApplication*) theApplication
openFile: (NSString*) file

{
45 Ef ( mLoadConfigs )

vrj::Kernel::instance()->loadConfigFile([file UTF8String]);
}

50 return YES;
}

-(void) application: (NSApplication*) theApplication
openFil es: (NSArray*) files

55 {
if ( mLoadConfigs )
{
const int count = [files count];
for (int i =0; i < count; ++i )
60
NSString* file = [files objectAtlndex:i];
} vrj::Kernel::instance()->l oadConfigFile([file UTF8String]);
}
65 }
@nd

Data Members
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The class MyDel egat e has asingle data member, nLoadConf i gs, that determines how instances of
this class will respond to certain messages sent by NSAppl i cat i on. The value will be changed if
vrj :: CocoaW apper sendsthe-set LoadConfi gs: message asaresult of the property VRI -
Conf i gHandl i ng being set in Cont ent s/ Resour ces/ vrj uggl er. pli st.

Designated Initializer

Every NSObj ect subclass has adesignated initializer. In the case of the VR Juggler NSAppl i ca-

ti on delegate, thisisthe basic - i ni t method. The current usage of the application delegate requires
that this method be the designated initializer, meaning that it is the only initializer that will be invoked
upon creating the delegate instance. This limitation may be fixed in afuture version of

vrj:: CocoaW apper . If the custom delegate does not accept the -init message, then the inherited
NSObj ect version will be used.

In the meantime, thisis where all object initialization takes place. What this means exactly is up to the
delegate author. In this case, we set the data member mLoadConf i gs to YES, send our base class the
-i ni t message, and return the result. This last step (awidely used convention) is what must be done by
any custom delegate implementation of - i ni t .

- set LoadConfi gs:

This method is a unique aspect of the delegate asit ishandled by vr j : : CocoaW apper . Specifically,
vrj:: CocoaW apper will examine Cont ent s/ Resour ces/ vrjuggl er. pli st toseeif it
contains the property VRIConf i gHandl i ng. If it does, it will send this message to the delegate in-
stance with the value asit is set in the property list. This happens before the del egate object is handed
off to the NSAppl i cat i on singleton. The consequences of setting and using the VRIConf i gHand-
| i ng property were described in the section called “Application Execution”.

A custom delegate does not have to implement this method. If it does not, the Objective-C runtime will
print awarning on the console stating that the object does not receive this message. (A future version of
vrj :: CocoaW apper may examine the delegate interface to determine if it receives the message just
to avoid having that message printed.) It is up to the delegate author to determine if implementing this
method is necessary and, if so, how it should behave. In our example, we set mLoadConf i gs tothe
value of the parameter, just as VRIBasi cDel egat e does.

appl i cati onShoul dTer m nat eAft er Last W ndow-
Cl osed:

This method isused by NSAppl i cat i on to allow customization of application shutdown. In the case
of an application delegate instantiated and used by vr j : : CocoaW apper , itiscritica that this meth-
od return the value NO. The VR Juggler kernel knows about vr j : : CocoaW apper and knows how to
shut it down when the time is right. Because of that, we want the kernel to control the termination pro-
cess.

-appl i cati onDi dFi ni shLaunchi ng:

When the application finishes launching, NSApplication sends this message to its delegate. In the case
of VR Juggler, thisis when we know that it is safe to allow threads for Gadgeteer input windows and
VR Juggler graphics pipes to open windows. Until now, any such threads have been blocking on the
global window lock, acquired whenvr j : : CocoaW apper wasinstantiated. When the delegate re-
ceives this message, it istime to release that lock. Other operations can be performed in this method im-
plementation, but this step is absolutely critical.
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-appl i cation: openFil e:

Now, we get to one of the methods used by NSAppl i cat i on totell its delegate when to open asingle
datafile. Remember that our simple delegate just handles VR Juggler configuration files. Moreover, it is
assuming (probably unsafely) that the only files that it will be given to load are VR Juggler configura-
tionfiles.

In any case, NSAppl i cat i on sendsthis message to its delegate at well-defined times. The response of
our simple delegate is based on the value of nLoadConf i gs. If it istrue (set to YES), that means that
our delegate will load configuration files as aresult of the user double-clicking on . j conf filesinthe
Finder or through the use of the open command. L oading of configuration files is done through the usual
means of passing thefile nametothevrj : : Ker nel instance. Note that we convert the NSSt ri ng
Unicode value to a UTF8 string because that iswhat vrj : : Ker nel : : | oadConfi gFi | e() knows
how to handle. A future version of VR Juggler may have proper Unicode support so that this step is not
necessary.

Note that this method returns YES regardless of the value of nLoadConf i gs. This has the effect of
making NSAppl i cat i on think that the file was loaded even if it wasignored. In some cases, it may
make more sense to return NOinstead. As with just about everything in the custom delegate, the exact
response to this message is up to the author.

-appl i cati on: openFi | es:

This method is the multi-file counterpart to - appl i cat i on: openFi | e: . The behavior is essentially
the same except that it iterates over the contents of the given NSArray object and calls
vrj::Kernel::|oadConfigFile() foreach of the contained NSSt r i ng objects.

Defining Custom Cocoa/VR Juggler Bridging
on Mac OS X

More intrepid programmers may find that writing a custom NSApplication delegate is not sufficient for
customizing VR Juggler application behavior on Mac OS X. In that event, the customization can be even
more extensive by replacing theuse of vrj : : CocoaW apper atogether. For all intents and purposes,
vrj :: CocoaW apper isgraftedontovrj : : Ker nel to provide the mediator between the compet-
ing desires of NSAppl i cati onandvrj:: Kernel tocontrol application execution’.

vrj:: Kernel canbetold nottousevrj : : CocoaW apper, thus providing an extension point
where a different Cocoa/V R Juggler bridging can be used. Thisis done by calling the static method
vrj::Kernel::setUseCocoaW apper () withthe parameter f al se beforethefirst call to
vrj::Kernel::instance().

In general, the programmer of this bridging code is free to do whatever makes sense, but there are afew
caveats. First, every thread that is created by any Juggler component needs to have an NSAut oRe-

| easePool created. Thisis done by registering thread start and thread exit methods with

vpr:: Thr ead.

Next, AppKit and Cocoa need to know that they are being used in a multi-threaded environment. They
are made aware of thisfact when the first NSThr ead object is created. VPR uses low-level POSIX
threads on Mac OS X rather than using NSThr ead. Thus, adummy thread needs to be created using
NSThr ead. All it hasto do is run an empty method and exit. The thread start callback is registered us-
ingvpr:: Thread: : addThr eadSt art Cal | back() , and the thread exit callback is registered us-
ingvpr:: Thread: : addThr eadExi t Cal | back() . Thethread start callback must allocate and
initialize athread-specific instance of NSAut oRel easePool , and the thread exit callback must re-

MThisisnot astrictly accurate description of the design becausevr j : : Ker nel hasto know about vrj : : CocoaW apper and
call its methods at certain times. A true mediator would sit abovevrj : : Kernel andvrj : : CocoaW apper and coordinate
their interaction to prevent such tight coupling, but introducing that sort of design would complicate things unnecessarily.
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lease its reference to the NSAut oRel easePool instance created by the thread start callback. These
callbacks have to be registered before any vpr : : Thr ead objects are created.

Finally, the global window lock must be held until it is safe to open input and graphics windows. Thisis
necessary because Gadgeteer and VR Juggler open windows in threads other than the primordial, and
AppKit does not handle that well. Thislock (an instance of NSCondi t i onLock) isretrieved using the
static method gadget : : | nput AreaCocoa: : get W ndowLock() . Thejob of the bridging code is
to acquire the lock as soon asit can. Specifically, it should do it before creating the NSAppl i cati on
singleton object by sending the NSAppl i cat i on classthe +shar edAppl i cat i on message. The
global lock must be released once we know that the application has finished launching. If a delegateis
used with the NSAppl i cat i on singleton, the lock should be released when the del egate receives the -
appl i cati onDi dFi ni shLaunchi ng: message.

Beyond that, the programmer is free to do as s’/he wishes in the implementation of the Cocoa/VR Juggler
bridging code. Referring to the implementation of vr j : : CocoaW apper ishighly recommended (see
nodul es/ vrjuggl er/vrj/ Kernel / CocoaW apper . mmand nodul es/ vrj ug-

gl er/vrj/ Kernel / CocoaW apper . h inthe source tree), but its exact behavior does not have to
be replicated. The points presented above are the most important things that must be done by any imple-
mentation of bridging code.

Ultimately, al of thiswork isdone to help VR Juggler get along with Cocoa. VR Juggler makes heavy
use of multi-threading whereas AppKit and Cocoatend to work best in single-threaded environ-
ments—or at in least environments where the primordial thread is receiving and dispatching all window
system events. Things are just not that simple with VR Juggler, and thus the bridge between these
frameworks plays a vital role.
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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.

140



GNU Free Documentation License

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.

141



Glossary of Terms

A

application object

callback

context-specific data

critical section

daemon

device interface

display context

frame

An instance of a C++ classthat is given to the VR Juggler kernel for
execution. Such objects contain the visuals and the interactions that
make up avirtual world.

In the C programming language, a function pointer that isinvoked to
“call back” to some other code. Usually, afunction pointer is passed
as an argument to some function that stores the pointer for later use.

In OpenGL terms, some information that is associated with a specif-
ic OpenGL context.

In multi-threaded programming, a block of code that reads from or
writes to data that is shared across multiple threads.

In UNIX-based operating systems, a background process that per-
forms some job continuously while the computer is running. For ex-
ample, aweb server runs a daemon (often called httpd) that man-
agesincoming HTTP requests.

A high-level feature provided by Gadgeteer for getting easy access
to atype-specific device proxy. For each input device type, thereis
one device proxy type, and for each device proxy type, thereis one
deviceinterface type. For example, digital input devices are of type
gadget: : Di gi t al . Digital input datais accessed by VR Juggler
application objects through agadget : : Di gi t al Pr oxy. The
proxy referenceis most easily acquired through agad-
get::Digitallnterface object.

The location to which OpenGL rendering commands draw.

In computer graphics terms, one iteration of arendering loop. In VR
Juggler, aframe is one complete pass through an application object's
methods, beginning withvrj : : App: : preFrane() and ending
withvrj : : App: : post Frane() . Methods called in between in-
cludevrj :: App: :intraFrane() and methods that are specific
to agiven graphics API.
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GUID

interface

OpenGL rendering context

proxy

smart pointer

stupefied proxy

thread of control

triple buffering

virtual platform

Globally unique identifier that is generated using various properties
of amachine and arandom number generator. It has been proven
that it is statistically impossible for the same number to be generated
twice within the average human lifetime.

An interface is a collection of operations used to specify a service of
aclass or acomponent.

An OpenGL state machine associated with a display window.

Anintermediary that passes information between two parties.

In C++ terminology, a smart pointer is a pointer-like object where
the pointer dereference operators (-> and *) are overloaded to per-
form special functionality. This takes advantage of C++ operator
overloading to hide extra processing steps behind afamiliar syntax.

A device proxy that has no device. Such a proxy always returns the
same data because it cannot query new data from an input device.
Proxies become stupefied when there is an error in the configuration
or when the proxied device is unavailable for some reason.

In amulti-threaded application, a single sequence of execution. Each
thread in a multi-threaded application has its own thread of control
that can execute in parallel with the other threads of control.

An extension to double buffering that uses three data buffers instead
of two. Triple buffering minimizes the time that two threads have to
wait to access shared data. At most, one thread will wait while an-
other thread copies no more than four bytes of data. That is, regard-
less of the size of a single data buffer, the amount of memory copied
to swap buffersis no more than four bytes (the size of a 32-hit
memory address).

An abstraction of the operating system and hardware (both the com-
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puter architecture and the input devices) that comprise aVR system.
A virtua platform provides a cross-platform and cross-VR system
layer upon which portable VR applications can be written.
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application object, 6, 6, 6
base interface of, 16
benefits of, 8
frame functions, 18
initialization, 17
overview, 6
application programming
clustering, 83
random numbers, 90
time deltas, 90
getting input, 40, 40, 52
(see aso device interfaces)
(see also device proxies)
Open Scene Graph
scene graph access, 79
scene graph initialization, 79
Open Scene Graph (0SG), 78
OpenGL, 56
clearing color and depth buffers, 57
context-specific data, 60
drawing, 58
OpenGL Performer, 65
scene graph access, 68
scene graph initialization, 68
OpenSG, 73
scene graph access, 75
scene graph initialization, 74
VTK, 82
where to get device input, 52
applications
application object overview, 6
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main function
Mac OS X, 9
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use, 9
starting, 9
writing
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porting to VR Juggler, 101

classes
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gadget::Analog, 40
gadget::Analoglnterface, 42, 103, 108
gadget::AnalogProxy, 40, 42
gadget::BaseDevicel nterface, 49
gadget::Command, 40

gadget::Commandinterface, 42
gadget::CommandProxy, 40, 42
gadget::Devicelnterface<T>, 41, 43, 48, 52, 102, 108
gadget::Digital, 40
gadget::Digital Interface, 42, 43, 103, 108
gadget::DigitalProxy, 40, 42
gadget::Event, 45
gadget::EventPtr, 45
gadget::Glove, 41
gadget::Glovelnterface, 42
gadget::GloveProxy, 41, 42
gadget::KeyboardMouse, 41
gadget::KeyboardMouse::EventQueue, 41, 45
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108
gadget::KeyboardMouseProxy, 41, 42, 45
gadget::KeyEvent, 45
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vpr::Interval, 91
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vpr::ObjectWriter, 84
vpr::Semaphore, 117
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vpr::SerializableObjectMixin<T>, 84
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vrj::0OpenSGApp, 73
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details, 63
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examples of, 43
device drivers
adding, 127
deviceinterfaces, 40
as smart pointers, 43
(see a'so smart pointer)
available types, 42
description of, 41
details, 48
initialization of, 43
device proxies, 40
available types, 40
description of, 40
device proxy
as pointer to physical device, 41
Draw Manager, 6
application classes, 20
OpenGL, 20
OpenGL Performer, 21

E

extending VR Juggler, 127
custom simulators, 127
device drivers, 127
simulator components, 127

F

frame, 14
definition of, 15
frame of execution, 15

G

gadget::Devicelnterface<T>

description of, 41

details, 48

instantiations of, 42
gadget::Proxy

as pointer to physical device, 41
gadget:: TypedProxy<T>

subclasses of, 40
GLUT

porting to VR Juggler, 106
gmtl::Matrix44f, 30

adding, 35

assigning, 33

compared to C++ matrices, 31

converting to pfMatrix, 38

creating, 32

description of, 31

details, 39

equality comparison, 33

extracting transformation information, 38

inverting, 34
making
Euler rotation, 37
identity, 37

scale transformation, 38
tranglation transformation, 37
multiplying, 35
scaling, 36
subtracting, 35
transposing, 34
zeroing, 37

gmtl::Vec3f

adding, 29

assigning, 28

converting to pfVec3, 27

creating, 25

cross product, 29

details, 30
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